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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 (GUTs) 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.

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 [K1].

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 = M4×
CP2, where M4 is 4-dimensional (4-D) Minkowski space and CP2 is 4-D complex projective
space (see Appendix).

2. Induction procedure (a standard procedure in fiber bundle theory, see Appendix) 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 CP2 spinor
connection to the space-time surface, and color gauge potentials as projections of CP2 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. Spinor connection is also projected.
The interpretation is that distances are measured in imbedding space metric and parallel
translation using spinor connection of imbedding space.

The induction procedure applies to octonionic structure and the conjecture is that for pre-
ferred extremals the induced octonionic structure is quaternionic: again one just projects
the octonion units. I have proposed that one can lift space-time surfaces in H to the Carte-
sian product of the twistor spaces of M4 and CP2, which are the only 4-manifolds allowing
twistor space with Kähler structure [A7]. Now the twistor structure would be induced in
some sense, and should co-incide with that associated with the induced metric. Clearly, the
2-spheres defining the fibers of twistor spaces of M4 and CP2 must allow identification: this
2-sphere defines the S2 fiber of the twistor space of space-time surface. This poses constraint
on the imbedding of the twistor space of space-time surfaces as sub-manifold in the Cartesian
product of twistor spaces.

3. Geometrization of quantum numbers is achieved. The isometry group of the geometry of
CP2 codes for the color gauge symmetries of strong interactions. Vierbein group codes
for electroweak symmetries, and explains their breaking in terms of CP2 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 CP2 scale. In contrast to GUTs, quark and
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.

M4 and CP2 are unique choices for many other reasons. For instance, they are the unique 4-
D space-times allowing twistor space with Kähler structure. M4 light-cone boundary allows
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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. M4 and CP2 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 104 Planck lengths (CP2 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. A possible 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. A possible objection is that the
Kähler-Dirac gamma matrices do not define an integrable distribution of 2-planes defining
string world sheet.

An even strong condition would be that the induced classical gauge fields at string world sheet
vanish: this condition is allowed by the topological description of particles. The CP2 pro-
jection of string world sheet would be 1-dimensional. Also the number theoretical condition
that octonionic and ordinary spinor structures are equivalent guaranteeing that fermionic
dynamics is associative leads to the vanishing of induced gauge fields.

The natural action would be given by string world sheet area, which is present only in the
space-time regions with Minkowskian signature. Gravitational constant would be present
as a fundamental constant in string action and the ratio ~/G/R2 would be determined by
quantum criticality condition. The hierarchy of Planck constants heff/h = n assigned to
dark matter in TGD framework would allow to circumvent the objection that only objects of
length of order Planck length are possible since string tension given by T = 1/~effG apart
from numerical factor could be arbitrary small. This would make possible gravitational
bound states as partonic 2-surfaces as structures connected by strings and solve the basic
problem of super string theories. This option allows the natural interpretation of M4 type
vacuum extremals with CP2 projection, which is Lagrange manifold as good approximations
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for space-time sheets at macroscopic length scales. String area does not contribute to the
Kähler function at all.

Whether also induced spinor fields associated with Kähler-Dirac action and de-localized in-
side entire space-time surface should be allowed remains an open question: super-conformal
symmetry strongly suggests their presence. A possible interpretation for the corresponding
spinor modes could be in terms of dark matter, sparticles, and hierarchy of Planck constants.

It is perhaps useful to make clear what TGD is not and also what new TGD can give to physics.

1. TGD is not just General Relativity made concrete by using imbeddings: the 4-surface prop-
erty is absolutely essential for unifying standard model physics with gravitation and to cir-
cumvent the incurable conceptual problems of General Relativity. The many-sheeted space-
time of TGD gives rise only at macroscopic limit to GRT space-time as a slightly curved
Minkowski space. TGD is not a Kaluza-Klein theory although color gauge potentials are
analogous to gauge potentials in these theories.

TGD space-time is 4-D and its dimension is due to completely unique conformal properties of
light-cone boundary and 3-D light-like surfaces implying enormous extension of the ordinary
conformal symmetries. Light-like 3-surfaces represent orbits of partonic 2-surfaces and carry
fundamental fermions at 1-D boundaries of string world sheets. TGD is not obtained by
performing Poincare gauging of space-time to introduce gravitation and plagued by profound
conceptual problems.

2. TGD is not a particular string model although string world sheets emerge in TGD very
naturally as loci for spinor modes: their 2-dimensionality makes among other things possible
quantum deformation of quantization known to be physically realized in condensed matter,
and conjectured in TGD framework to be crucial for understanding the notion of finite
measurement resolution. Hierarchy of objects of dimension up to 4 emerge from TGD: this
obviously means analogy with branes of super-string models.

TGD is not one more item in the collection of string models of quantum gravitation relying
on Planck length mystics. Dark matter becomes an essential element of quantum gravitation
and quantum coherence in astrophysical scales is predicted just from the assumption that
strings connecting partonic 2-surfaces serve are responsible for gravitational bound states.

TGD is not a particular string model although AdS/CFT duality of super-string models
generalizes due to the huge extension of conformal symmetries and by the identification
of WCW gamma matrices as Noether super-charges of super-symplectic algebra having a
natural conformal structure.

3. TGD is not a gauge theory. In TGD framework the counterparts of also ordinary gauge
symmetries are assigned to super-symplectic algebra (and its Yangian [A1] [?, ?, ?]), which
is a generalization of Kac-Moody algebras rather than gauge algebra and suffers a fractal
hierarchy of symmetry breakings defining hierarchy of criticalities. TGD is not one more
quantum field theory like structure based on path integral formalism: path integral is replaced
with functional integral over 3-surfaces, and the notion of classical space-time becomes exact
part of the theory. Quantum theory becomes formally a purely classical theory of WCW
spinor fields: only state function reduction is something genuinely quantal.

4. TGD view about spinor fields is not the standard one. Spinor fields appear at three levels.
Spinor modes of the imbedding space are analogs of spinor modes charactering incoming
and outgoing states in quantum field theories. Induced second quantized spinor fields at
space-time level are analogs of stringy spinor fields. Their modes are localized by the well-
definedness of electro-magnetic charge and by number theoretic arguments at string world
sheets. Kähler-Dirac action is fixed by supersymmetry implying that ordinary gamma ma-
trices are replaced by what I call Kähler-Dirac gamma matrices - this something new. WCW
spinor fields, which are classical in the sense that they are not second quantized, serve as
analogs of fields of string field theory and imply a geometrization of quantum theory.

5. TGD is in some sense an extremely conservative geometrization of entire quantum physics:
no additional structures such as gauge fields as independent dynamical degrees of freedom are
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introduced: Kähler geometry and associated spinor structure are enough. “Topological” in
TGD should not be understood as an attempt to reduce physics to torsion (see for instance [?])
or something similar. Rather, TGD space-time is topologically non-trivial in all scales and
even the visible structures of everyday world represent non-trivial topology of space-time in
TGD Universe.

6. Twistor space - or rather, a generalization of twistor approach replacing masslessness in 4-D
sense with masslessness in 8-D sense and thus allowing description of also massive particles
- emerged originally as a technical tool, and its Kähler structure is possible only for H =
M4×CP2. It however turned out that much more than a technical tool is in question. What
is genuinely new is the infinite-dimensional character of the Kähler geometry making it highly
unique, and its generalization to p-adic number fields to describe correlates of cognition. Also
the hierarchies of Planck constants heff = n×h reducing to the quantum criticality of TGD
Universe and p-adic length scales and Zero Energy Ontology represent something genuinely
new.

The great challenge is to construct a mathematical theory around these physically very attrac-
tive ideas and I have devoted the last41 years for the realization of this dream and this has resulted
24 online books about TGD and nine online books about TGD inspired theory of consciousness
and of quantum biology.

1.2 Two Visions About TGD And Their Fusion

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

1.2.1 TGD as a Poincare invariant theory of gravitation

The first approach was born as an attempt to construct a Poincare invariant theory of gravitation.
Space-time, rather than being an abstract manifold endowed with a pseudo-Riemannian structure,
is regarded as a surface in the 8-dimensional space H = M4

×CP2, where M4 denotes Minkowski
space and CP2 = SU(3)/U(2) is the complex projective space of two complex dimensions [A3, A6,
A2, A5].

The identification of the space-time as a sub-manifold [A4, A10] of M4 × CP2 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
CP2 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 CP2 spinor connection, Killing vector fields of CP2 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 = M4 × CP2 uniquely. M4 and CP2 are also unique spaces
allowing twistor space with Kähler structure.

1.2.2 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.
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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.

Quite recently, it has turned out that fermionic strings inside space-time surfaces define an
exact part of quantum TGD and that this is essential for understanding gravitation in long length
scales. Also the analog of AdS/CFT duality emerges in that the Kähler metric can be defined
either in terms of Kähler function identifiable as Kähler action assignable to Euclidian space-time
regions or Kähler action + string action assignable to Minkowskian regions.

The recent view about construction of scattering amplitudes is very “stringy”. By strong form
of holography string world sheets and partonic 2-surfaces provide the data needed to construct
scattering amplitudes. Space-time surfaces are however needed to realize quantum-classical cor-
respondence necessary to understand the classical correlates of quantum measurement. There is
a huge generalization of the duality symmetry of hadronic string models. Scattering amplitudes
can be regarded as sequences of computational operations for the Yangian of super-symplectic al-
gebra. Product and co-product define the basic vertices and realized geometrically as partonic
2-surfaces and algebraically as multiplication for the elements of Yangian identified as super-
symplectic Noether charges assignable to strings. Any computational sequences connecting given
collections of algebraic objects at the opposite boundaries of causal diamond (CD) produce identical
scattering amplitudes.

1.2.3 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:

//tgdtheory.fi/appfigures/manysheeted.jpg or Fig. ?? 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 CP2 and of the
intersection of future and past directed light-cones and having scale coming as an integer multiple
of CP2 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 Kähler 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.

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


1.3 Basic Objections 9

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 Kähler 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.

1.3 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 CP2 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 CP2 metric define a natural starting point and CP2 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.

1.3.1 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,
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.

1.4 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. One might say that TGD space-time is adelic. Also the hierarchy of Planck constants forces
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a generalization of the notion of space-time but this generalization can be understood in terms of
the failure of strict determinism for Kähler 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.

1.5 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
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 [K27, K18, K14, K33, K23, K32,
K31, K22] about TGD and nine online books about TGD inspired theory of consciousness and of
quantum biology [K26, K3, K15, K2, K7, K8, K10, K21, K30] are warmly recommended to the
interested reader.
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1.5.1 Quantum TGD as spinor geometry of World of Classical Worlds

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

1. Quantum theory for extended particles is free(!), classical(!) field theory for a generalized
Schrödinger 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 [A8, A11, A12]. 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 Schrödinger 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 1

4. WCW Dirac operator appearing in Super-Virasoro conditions, imbedding space Dirac oper-
ator whose modes define the ground states of Super-Virasoro representations, Kähler-Dirac
operator at space-time surfaces, and the algebraic variant of M4 Dirac operator appearing in
propagators. 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 square root of
density matrix and unitary S-matrix.

M-matrix would define time-like entanglement coefficients between positive and negative en-
ergy 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 or-
thogonality and hermiticity of the M-matrices commuting with S-matrix means that they
span infinite-dimensional Lie algebra acting as symmetries of the S-matrix. Therefore quan-
tum TGD would reduce to group theory in well-defined sense.

In fact the Lie algebra of Hermitian M-matrices extends to Kac-Moody type algebra obtained
by multiplying hermitian square roots of density matrices with powers of the S-matrix. Also
the analog of Yangian algebra involving only non-negative powers of S-matrix is possible and
would correspond to a hierarchy of CDs with the temporal distances between tips coming as
integer multiples of the CP2 time.

1There are four kinds of Dirac operators in TGD. The geometrization of quantum theory requires Kähler metric
definable either in terms of Kähler function identified as Kähler action for Euclidian space-time regions or as anti-
commutators for WCW gamma matrices identified as conformal Noether super-charges associated with the second
quantized modified Dirac action consisting of string world sheet term and possibly also Kähler Dirac action in
Minkowskian space-time regions. These two possible definitions reflect a duality analogous to AdS/CFT duality.
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The M-matrices associated with CDs are obtained by a discrete scaling from the minimal
CD and characterized by integer n are naturally proportional to a representation matrix of
scaling: S(n) = Sn, where S is unitary S-matrix associated with the minimal CD [K28]. This
conforms with the idea about unitary time evolution as exponent of Hamiltonian discretized
to integer power of S and represented as scaling with respect to the logarithm of the proper
time distance between the tips of CD.

U-matrix elements between M-matrices for various CDs are proportional to the inner products
Tr[S−n1 ◦HiHj ◦Sn2λ], where λ represents unitarily the discrete Lorentz boost relating the
moduli of the active boundary of CD and Hi form an orthonormal basis of Hermitian square
roots of density matrices. ◦ tells that S acts at the active boundary of CD only. It turns out
possible to construct a general representation for the U-matrix reducing its construction to
that of S-matrix. S-matrix has interpretation as exponential of the Virasoro generator L−1
of the Virasoro algebra associated with super-symplectic algebra.

5. By quantum classical correspondence the construction of WCW spinor structure reduces to
the second quantization of the induced spinor fields at space-time surface. The basic action
is so called modified Dirac action (or Kähler-Dirac action) in which gamma matrices are
replaced with the modified (Kähler-Dirac) gamma matrices defined as contractions of the
canonical momentum currents with the imbedding space gamma matrices. In this manner
one achieves super-conformal symmetry and conservation of fermionic currents among other
things and consistent Dirac equation. The Kähler-Dirac 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.

6. 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 Z0 field is
possible for Kähler-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 Kähler-
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 Kähler-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 Kähler function. Kähler
function is Kähler 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 Kähler 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.

It took long time to realize that there is no discretization in 4-D sense - this would lead to
difficulties with basic symmetries. Rather, the discretization occurs for the parameters character-
izing co-dimension 2 objects representing the information about space-time surface so that they
belong to some algebraic extension of rationals. These 2-surfaces - string world sheets and partonic
2-surfaces - are genuine physical objects rather than a computational approximation. Physics itself
approximates itself, one might say! This is of course nothing but strong form of holography.
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1. TGD as almost topological QFT vision suggests that Kähler 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 Kähler 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 Kähler action is required and is true for all known extremals if one
makes a general ansatz about the form of classical conserved currents. The so called weak
form of electric-magnetic duality defines a boundary condition reducing the resulting 3-D
terms to Chern-Simons terms. In this manner almost topological QFT results. But only
“almost” since the Lagrange multiplier term forcing electric-magnetic duality implies that
Chern-Simons action for preferred extremals depends on metric.

1.5.2 TGD as a generalized number theory

Quantum T(opological)D(ynamics) as a classical spinor geometry for infinite-dimensional config-
uration space (“world of classical worlds”, 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.
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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
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.

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. One can talk about adelic space-time,
imbedding space, and WCW.

The notion of p-adic manifold [K34] identified as p-adic space-time surface solving p-adic analogs
of field equations and having real space-time sheet as chart map provided a possible solution
of the basic challenge of relating real and p-adic classical physics. 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 and this leads to problems with symmetries: canonical identification
does not commute with symmetries.

It is now clear that much more elegant approach based on abstraction exists [K36]. The map of
real preferred extremals to p-adic ones is not induced from a local correspondence between points
but is global. Discretization occurs only for the parameters characterizing string world sheets and
partonic 2-surfaces so that they belong to some algebraic extension of rationals. Restriction to
these 2-surfaces is possible by strong form of holography. Adelization providing number theoretical
universality reduces to algebraic continuation for the amplitudes from this intersection of reality
and various p-adicities - analogous to a back of a book - to various number fields. There are no
problems with symmetries but canonical identification is needed: various group invariant of the
amplitude are mapped by canonical identification to various p-adic number fields. This is nothing
but a generalization of the mapping of the p-adic mass squared to its real counterpart in p-adic
mass calculations.

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://tgdtheory.fi/appfigures/cat.jpg or Fig. ??
in the appendix of this book). One can also understand how preferred p-adic primes could emerge
as so called ramified primes of algebraic extension of rationals in question and characterizing

http://tgdtheory.fi/appfigures/cat.jpg
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string world sheets and partonic 2-surfaces. Preferred p-adic primes would be ramified primes
for extensions for which the number of p-adic continuations of two-surfaces to space-time surfaces
(imaginations) allowing also real continuation (realization of imagination) would be especially
large. These ramifications would be winners in the fight for number theoretical survival. Also a
generalization of p-adic length scale hypothesis emerges from NMP [K11].

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.

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 X4 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 X4 [K25]. This is certainly
possible and an interesting conjecture is that the preferred extremals of Kähler 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 M8 regarded as
octonionic linear space to surfaces in M4 × CP2 [K25] ? This conjecture - M8 −H duality
- would give for M4 × CP2 deep number theoretic meaning. CP2 would parametrize asso-
ciative planes of octonion space containing fixed complex plane M2 ⊂ M8 and CP2 point
would thus characterize the tangent space of X4 ⊂M8. The point of M4 would be obtained
by projecting the point of X4 ⊂ M8 to a point of M4 identified as tangent space of X4.
This would guarantee that the dimension of space-time surface in H would be four. The
conjecture is that the preferred extremals of Kähler action include these surfaces.

3. M8−H duality can be generalized to a duality H → H if the images of the associative surface
in M8 is associative surface in H. One can start from associative surface of H and assume
that it contains the preferred M2 tangent plane in 8-D tangent space of H or integrable
distribution M2(x) of them, and its points to H by mapping M4 projection of H point to
itself and associative tangent space to CP2 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 G2 could produce new associative/co-associative
surfaces. The action of G2 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
Kähler action and could have commutativity and co-commutativity as a number theoretic
counterpart. The basic vision would be that the dynamics of Kähler 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 M4 × CP2. As surfaces of M8 identifiable as a sub-space of
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complexified octonions (addition of commuting imaginary unit i) their tangent space or normal
space is quaternionic- and thus maximally associative or co-associative. These surfaces can be
mapped in natural manner to surfaces in M4 × CP2 [K25] provided one can assign to each point
of tangent space a hyper-complex plane M2(x) ⊂ M4 ⊂ M8. One can also speak about M8 −H
duality.

This vision has very strong predictive power. It predicts that the preferred extremals of Kähler
action correspond to either quaternionic or co-quaternionic surfaces such that one can assign to
tangent space at each point of space-time surface a hyper-complex plane M2(x) ⊂ M4. As a
consequence, the M4 projection of space-time surface at each point contains M2(x) and its or-
thogonal complement. These distributions are integrable implying that space-time surface allows
dual slicings defined by string world sheets Y 2 and partonic 2-surfaces X2. The existence of this
kind of slicing was earlier deduced from the study of extremals of Kähler action and christened as
Hamilton-Jacobi structure. The physical interpretation of M2(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 Kähler 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 Kähler 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 Kähler action realizing the notion of finite
measurement resolution and a connection with inclusions of hyper-finite factors of type II1 about
which Clifford algebra of WCW represents an example.

The two most important number theoretic conjectures relate to the preferred extremals of
Kähler action. The general idea is that classical dynamics for the preferred extremals of Kähler
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.

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 Kähler-Dirac gamma matrices must be in
question since Kähler-Dirac 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-
)octonions. Complete algebraic, topological and dimensional democracy would characterize the
theory.
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The infinite primes at the first level of hierarchy, which represent analogs of bound states,
can be mapped to irreducible polynomials, which in turn characterize the algebraic extensions of
rationals defining a hierarchy of algebraic physics continuable to real and p-adic number fields.
The products of infinite primes in turn define more general algebraic extensions of rationals. The
interesting question concerns the physical interpretation of the higher levels in the hierarchy of
infinite primes and integers mappable to polynomials of n > 1 variables.

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.

1.6.1 Dark matter as large ~ phases

D. Da Rocha and Laurent Nottale [E1] have proposed that Schrödinger equation with Planck
constant ~ replaced with what might be called gravitational Planck constant ~gr = GmM

v0
(~ = c =

1). v0 is a velocity parameter having the value v0 = 144.7 ± .7 km/s giving v0/c = 4.6 × 10−4.
This is rather near to the peak orbital velocity of stars in galactic halos. Also subharmonics and
harmonics of v0 seem to appear. The support for the hypothesis coming from empirical data is
impressive.

Nottale and Da Rocha believe that their Schrödinger equation results from a fractal hydrody-
namics. Many-sheeted space-time however suggests that astrophysical systems are at some levels
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 hgr. 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 hgr 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 [K20].

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.

Certain experimental findings suggest the identification heff = n× = hgr. The large value of
hgr can be seen as a manner to reduce the string tension of fermionic strings so that gravitational
(in fact all!) bound states can be described in terms of strings connecting the partonic 2-surfaces
defining particles (analogous to AdS/CFT description). The values heff/h = n can be interpreted
in terms of a hierarchy of breakings of super-conformal symmetry in which the super-conformal
generators act as gauge symmetries only for a sub-algebras with conformal weights coming as
multiples of n. Macroscopic quantum coherence in astrophysical scales is implied. If also Kähler-
Dirac action is present, part of the interior degrees of freedom associated with the Kähler-Dirac
part of conformal algebra become physical. A possible is that tfermionic oscillator operators
generate super-symmetries and sparticles correspond almost by definition to dark matter with
heff/h = n > 1. One implication would be that at least part if not all gravitons would be dark and
be observed only through their decays to ordinary high frequency graviton (E = hfhigh = heffflow)
of bunch of n low energy gravitons.
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1.6.2 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 10−10 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 heff = 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
heff 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 [K16, K17, K29] ) support the view that dark
matter might be a key player in living matter.

1.6.3 Does the hierarchy of Planck constants reduce to the vacuum degeneracy of
Kähler 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 ~ = n~0 of the ordinary Planck constant ~0 is assigned with a multiple singular covering
of the imbedding space [K6]. One ends up to an identification of dark matter as phases with
non-standard value of Planck constant having geometric interpretation in terms of these coverings
providing generalized imbedding space with a book like structure with pages labelled by Planck
constants or integers characterizing Planck constant. The phase transitions changing the value of
Planck constant would correspond to leakage between different sectors of the extended imbedding
space. The question is whether these coverings must be postulated separately or whether they are
only a convenient auxiliary tool.

The simplest option is that the hierarchy of coverings of imbedding space is only effective.
Many-sheeted coverings of the imbedding space indeed emerge naturally in TGD framework. The
huge vacuum degeneracy of Kähler 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
Kähler 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 connect-
ing given space-like 3-surfaces at the opposite boundaries of causal diamond. Quantum criticality
presence of vanishing second variations of Kähler action and identified in terms of conformal invari-



1.7 Twistors in TGD and connection with Veneziano duality 19

ance 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 Kähler action and same values
of conserved classical charges (see Fig. http://tgdtheory.fi/appfigures/planckhierarchy.

jpg or Fig. ?? the appendix of this book). n would naturally correspond the value of heff and its
factors negentropic entanglement with unit density matrix would be between the n sheets of two
coverings of this kind. p-Adic prime would be largest prime power factor of n.

1.6.4 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)ew
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 Kähler- 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 Z0

field can vanish. The latter would guarantee the absence of large parity breaking effects above
intermediate boson scale scaling like heff .

1.7 Twistors in TGD and connection with Veneziano duality

The twistorialization of TGD has two aspects. The attempt to generalize twistor Grassmannian
approach emerged first. It was however followed by the realization that also the twistor lift of TGD
at classical space-time level is needed. It turned out that that the progress in the understanding of
the classical twistor lift has been much faster - probably this is due to my rather limited technical
QFT skills.

1.7.1 Twistor lift at space-time level

8-dimensional generalization of ordinary twistors is highly attractive approach to TGD [K37]. The
reason is that M4 and CP2 are completely exceptional in the sense that they are the only 4-D
manifolds allowing twistor space with Kähler structure [A7]. The twistor space of M4 × CP2 is
Cartesian product of those of M4 and CP2. The obvious idea is that space-time surfaces allowing
twistor structure if they are orientable are representable as surfaces in H such that the properly
induced twistor structure co-incides with the twistor structure defined by the induced metric.

In fact, it is enough to generalize the induction of spinor structure to that of twistor structure
so that the induced twistor structure need not be identical with the ordinary twistor structure
possibly assignable to the space-time surface. The induction procedure reduces to a dimensional
reduction of 6-D Kähler action giving rise to 6-D surfaces having bundle structure with twistor
sphere as fiber and space-time as base. The twistor sphere of this bundle is imbedded as sphere in
the product of twistor spheres of twistor spaces of M4 and CP2.

This condition would define the dynamics, and the original conjecture was that this dynamics
is equivalent with the identification of space-time surfaces as preferred extremals of Kähler action.
The dynamics of space-time surfaces would be lifted to the dynamics of twistor spaces, which
are sphere bundles over space-time surfaces. What is remarkable that the powerful machinery of
complex analysis becomes available.

It however turned out that twistor lift of TGD is much more than a mere technical tool.
First of all, the dimensionally reduction of 6-D Kähler action contained besides 4-D Kähler action
also a volume term having interpretation in terms of cosmological constant. This need not bring
anything new, since all known extremals of Kähler action with non-vanishing induced Kähler form
are minimal surfaces. There is however a large number of imbeddings of twistor sphere of space-
time surface to the product of twistor spheres. Cosmological constant has spectrum and depends on

http://tgdtheory.fi/appfigures/planckhierarchy.jpg
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length scale, and the proposal is that coupling constant evolution reduces to that for cosmological
constant playing the role of cutoff length. That cosmological constant could transform from a mere
nuisance to a key element of fundamental physics was something totally new and unexpected.

1. The twistor lift of TGD at space-time level forces to replace 4-D Kähler action with 6-D
dimensionally reduced Kähler action for 6-D surface in the 12-D Cartesian product of 6-D
twistor spaces of M4 and CP2. The 6-D surface has bundle structure with twistor sphere as
fiber and space-time surface as base.

Twistor structure is obtained by inducing the twistor structure of 12-D twistor space using
dimensional reduction. The dimensionally reduced 6-D Kähler action is sum of 4-D Kähler
action and volume term having interpretation in terms of a dynamical cosmological constant
depending on the size scale of space-time surface (or of causal diamond CD in zero energy
ontology (ZEO)) and determined by the representation of twistor sphere of space-time surface
in the Cartesian product of the twistor spheres of M4 and CP2.

2. The preferred extremal property as a representation of quantum criticality would naturally
correspond to minimal surface property meaning that the space-time surface is separately
an extremal of both Kähler action and volume term almost everywhere so that there is no
coupling between them. This is the case for all known extremals of Kähler action with
non-vanishing induced Kähler form.

Minimal surface property could however fail at 2-D string world sheets, their boundaries and
perhaps also at partonic 2-surfaces. The failure is realized in minimal sense if the 3-surface
has 1-D edges/folds (strings) and 4-surface 2-D edges/folds (string world sheets) at which
some partial derivatives of the imbedding space coordinates are discontinuous but canonical
momentum densities for the entire action are continuous.

There would be no flow of canonical momentum between interior and string world sheet and
minimal surface equations would be satisfied for the string world sheet, whose 4-D counterpart
in twistor bundle is determined by the analog of 4-D Kähler action. These conditions allow
the transfer of canonical momenta between Kähler- and volume degrees of freedom at string
world sheets. These no-flow conditions could hold true at least asymptotically (near the
boundaries of CD).

M8−H duality suggests that string world sheets (partonic 2-surfaces) correspond to images
of complex 2-sub-manifolds of M8 (having tangent (normal) space which is complex 2-plane
of octonionic M8).

3. Cosmological constant would depend on p-adic length scales and one ends up to a concrete
model for the evolution of cosmological constant as a function of p-adic length scale and
other number theoretic parameters (such as Planck constant as the order of Galois group):
this conforms with the earlier picture.

Inflation is replaced with its TGD counterpart in which the thickening of cosmic strings to
flux tubes leads to a transformation of Kähler magnetic energy to ordinary and dark matter.
Since the increase of volume increases volume energy, this leads rapidly to energy minimum
at some flux tube thickness. The reduction of cosmological constant by a phase transition
however leads to a new expansion phase. These jerks would replace smooth cosmic expansion
of GRT. The discrete coupling constant evolution predicted by the number theoretical vision
could be understood as being induced by that of cosmological constant taking the role of
cutoff parameter in QFT picture [L10].

1.7.2 Twistor lift at the level of scattering amplitudes and connection with Veneziano
duality

The classical part of twistor lift of TGD is rather well-understood. Concerning the twistorialization
at the level of scattering amplitudes the situation is much more difficult conceptually - I already
mentioned my limited QFT skills.

1. From the classical picture described above it is clear that one should construct the 8-D
twistorial counterpart of theory involving space-time surfaces, string world sheets and their
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boundaries, plus partonic 2-surfaces and that this should lead to concrete expressions for the
scattering amplitudes.

The light-like boundaries of string world sheets as carriers of fermion numbers would cor-
respond to twistors as they appear in twistor Grassmann approach and define the analog
for the massless sector of string theories. The attempts to understand twistorialization have
been restricted to this sector.

2. The beautiful basic prediction would be that particles massless in 8-D sense can be massive
in 4-D sense. Also the infrared cutoff problematic in twistor approach emerges naturally and
reduces basically to the dynamical cosmological constant provided by classical twistor lift.

One can assign 4-momentum both to the spinor harmonics of the imbedding space represent-
ing ground states of super-conformal representations and to light-like boundaries of string
world sheets at the orbits of partonic 2-surfaces. The two four-momenta should be identical
by quantum classical correspondence: this could be seen as a concretization of Equivalence
Principle. Also a connection with string model emerges.

3. As far as symmetries are considered, the picture looks rather clear. Ordinary twistor Grass-
mannian approach boils down to the construction of scattering amplitudes in terms of Yangian
invariants for conformal group of M4. Therefore a generalization of super-symplectic sym-
metries to their Yangian counterpart seems necessary. These symmetries would be gigantic
but how to deduce their implications?

4. The notion of positive Grassmannian is central in the twistor approach to the scattering am-
plitudes in calN = 4 SUSYs. TGD provides a possible generalization and number theoretic
interpretation of this notion. TGD generalizes the observation that scattering amplitudes in
twistor Grassmann approach correspond to representations for permutations. Since 2-vertex
is the only fermionic vertex in TGD, OZI rules for fermions generalizes, and scattering am-
plitudes are representations for braidings.

Braid interpretation encourages the conjecture that non-planar diagrams can be reduced to
ordinary ones by a procedure analogous to the construction of braid (knot) invariants by
gradual un-braiding (un-knotting).

This is however not the only vision about a solution of non-planarity. Quantum criticality
provides different view leading to a totally unexpected connection with string models, actually
with the Veneziano duality, which was the starting point of dual resonance model in turn leading
via dual resonance models to super string models.

1. Quantum criticality in TGD framework means that coupling constant evolution is discrete
in the sense that coupling constants are piecewise constant functions of length scale replaced
by dynamical cosmological constant. Loop corrections would vanish identically and the
recursion formulas for the scattering amplitudes (allowing only planar diagrams) deduced in
twistor Grassmann would involve no loop corrections. In particular, cuts would be replaced
by sequences of poles mimicking them like sequences of point charge mimic line charges. In
momentum discretization this picture follows automatically.

2. This would make sense in finite measurement resolution realized in number theoretical vi-
sion by number-theoretic discretization of the space-time surface (cognitive representation)
as points with coordinates in the extension of rationals defining the adele [L5]. Similar dis-
cretization would take place for momenta. Loops would vanish at the level of discretization
but what would happen at the possibly existing continuum limit: does the sequence of poles
integrate to cuts? Or is representation as sum of resonances something much deeper?

3. Maybe it is! The basic idea of behind the original Veneziano amplitudes (see http://

tinyurl.com/yyhwvbqb) was Veneziano duality. This 4-particle amplitude was generalized
by Yoshiro Nambu, Holber-Beck Nielsen, and Leonard Susskind to N-particle amplitude (see
http://tinyurl.com/yyvkx7as) based on string picture, and the resulting model was called
dual resonance model. The model was forgotten as QCD emerged. Later came superstring
models and led to M-theory. Now it has become clear that something went wrong, and it

http://tinyurl.com/yyhwvbqb
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seems that one must return to the roots. Could the return to the roots mean a careful
reconsideration of the dual resonance model?

4. Recall that Veneziano duality (1968) was deduced by assuming that scattering amplitude can
be described as sum over s-channel resonances or t-channel Regge exchanges and Veneziano
duality stated that hadronic scattering amplitudes have representation as sums over s- or t-
channel resonance poles identified as excitations of strings. The sum over exchanges defined
by t-channel resonances indeed reduces at larger values of s to Regge form.

The resonances had zero width, which was not consistent with unitarity. Further, there
were no counterparts for the sum of s-, t-, and u-channel diagrams with continuous cuts
in the kinematical regions encountered in QFT approach. What puts bells ringing is the u-
channel diagrams would be non-planar and non-planarity is the problem of twistor Grassmann
approach.

5. Veneziano duality is true only for s- and t- channels but not been s- and u-channel. Stringy
description makes t-channel and s-channel pictures equivalent. Could it be that in funda-
mental description u-channels diagrams cannot be distinguished from s-channel diagrams or
t-channel diagrams? Could the stringy representation of the scattering diagrams make u-
channel twist somehow trivial if handles of string world sheet representing stringy loops in
turn representing the analog of non-planarity of Feynman diagrams are absent? The per-
mutation of external momenta for tree diagram in absence of loops in planar representation
would be a twist of π in the representation of planar diagram as string world sheet and would
not change the topology of the string world sheet and would not involve non-trivial world
sheet topology.

For string world sheets loops would correspond to handles. The presence of handle would
give an edge with a loop at the level of 3-surface (self energy correction in QFT). Handles
are not allowed if the induced metric for the string world sheet has Minkowskian signature.
If the stringy counterparts of loops are absent, also the loops in scattering amplitudes should
be absent.

This argument applies only inside the Minkowskian space-time regions. If string world sheets
are present also in Euclidian regions, they might have handles and loop corrections could
emerge in this manner. In TGD framework strings (string world sheets) are identified to 1-
D edges/folds of 3-surface at which minimal surface property and topological QFT property
fails (minimal surfaces as calibrations). Could the interpretation of edge/fold as discontinuity
of some partial derivatives exclude loopy edges: perhaps the branching points would be too
singular?

A reduction to a sum over s-channel resonances is what the vanishing of loops would suggest.
Could the presence of string world sheets make possible the vanishing of continuous cuts even at
the continuum limit so that continuum cuts would emerge only in the approximation as the density
of resonances is high enough?

The replacement of continuous cut with a sum of infinitely narrow resonances is certainly an
approximation. Could it be that the stringy representation as a sum of resonances with finite width
is an essential aspect of quantum physics allowing to get rid of infinities necessarily accompanying
loops? Consider now the arguments against this idea.

1. How to get rid of the problems with unitarity caused by the zero width of resonances? Could
finite resonance widths make unitarity possible? Ordinary twistor Grassmannian approach
predicts that the virtual momenta are light-like but complex: obviously, the imaginary part
of the energy in rest frame would have interpretation as resonance with.

In TGD framework this generalizes for 8-D momenta. By quantum-classical correspondence
(QCC) the classical Noether charges are equal to the eigenvalues of the fermionic charges
in Cartan algebrable (maximal set of mutually commuting observables) and classical TGD
indeed predicts complex momenta (Kähler coupling strength is naturally complex). QCC
thus supports this proposal.
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2. Sum over resonances/exchanges picture is in conflict with QFT picture about scattering of
particles. Could finite resonance widths due to the complex momenta give rise to the QFT
type scattering amplitudes as one develops the amplitudes in Taylor series with respect to
the resonance width? Unitarity condition indeed gives the first estimate for the resonance
width.

QFT amplitudes should emerge in an approximation obtained by replacing the discrete set of
finite width resonances with a cut as the distance between poles is shorter than the resolution
for mass squared.

In superstring models string tension has single very large value and one cannot obtain QFT
type behavior at low energies (for instance, scattering amplitudes in hadronic string model
are concentrated in forward direction). TGD however predicts an entire hierarchy of p-
adic length scales with varying string tension. The hierarchy of mass scales corresponding
roughly to the lengths and thickness of magnetic flux tubes as thickened cosmic strings and
characterized by the value of cosmological constant predicted by twistor lift of TGD. Could
this give rise to continuous QCT type cuts at the limit when measurement resolution cannot
distinguish between resonances?

The dominating term in the sum over sums of resonances in t-channel gives near forward
direction approximately the lowest mass resonance for strings with the smallest string tension.
This gives the behavior 1/(t − m2

min), where mmin corresponds to the longest mass scale
involved (the largest space-time sheet involved), approximating the 1/t-behavior of massless
theories. This also brings in IR cutoff, the lack of which is a problem of gauge theories.
This should give rise to continuous QFT type cuts at the limit when measurement resolution
cannot distinguish between resonances.

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 [K26, K3, K15, K2, K7, K8, K10, K21, K30].

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.

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

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
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Ψi → UΨi → Ψf ,

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 formally analogous to Schrödinger
time evolution of infinite duration. The time evolution can however interpreted as a sequence
of discrete scalings and Lorentz boosts of causal diamond (CD) and the time corresponds to the
change of the proper time distance between between the tips of CD.

In TGD framework S-matrix is generalized to a triplet of U-, M-, and S-matrices. M-matrix is
a hermitian square root of density matrix between positive and negative energy states multiplied
by universal S-matrix depending on the scale of CD only. The square roots of projection operators
form an orthonormal basis. U -matrix and S-matrix are completely universal objects characterizing
the dynamics of evolution by self-organization.

The M-matrices associated with CDs are obtained by a discrete scaling from the minimal CD
and characterized by integer n are naturally proportional to Sn, where S is the S-matrix associated
with the minimal CD. This conforms with the idea about unitary time evolution as exponent of
Hamiltonian discretized to integer power of S.

U-matrix elements between M-matrices for various CDs are proportional to the inner products
Tr[S−n1 ◦ HiHj ◦ Sn2λ], where λ represents unitarily the discrete Lorentz boost relating the
moduli of the active boundary of CD and Hi form an orthonormal basis of Hermitian square roots
of density matrices. ◦ tells that S acts at the active boundary of CD only. I turns out possible to
construct a general representation for the U-matrix reducing its construction to that of S-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 CP2 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 considered several
proposals during years having the geometry of future light-cone as the geometric core element.

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 [J1] 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.
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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 CP2 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 (δM4

± × CP2).

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.

2.2 Negentropy Maximization Principle (NMP)

Information is the basic aspect of consciousness and this motivates the introduction of Negentropy
Maximization Principle (NMP) [K11] 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. Entanglement matrix proportional to uni-
tary matrix familiar from quantum computation corresponds to unit density matrix and large
heff = n × h states are excellent candidates for forming negentropic entanglement (see Fig.
http://tgdtheory.fi/appfigures/cat.jpg or Fig. ?? 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. It has turned out that the only viable option is that negentropic entanglement is
experienced directly.

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.

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

2. 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.

3. 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 Si are not experienced as such but represent kind of
averages 〈Sij〉 of sub-sub-selves Sij . 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.

4. 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 heff . 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.

5. 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.

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
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,
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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 Kähler 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).

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 [K19]. Quantum entanglement gives rise to
the generation of long range order and the emergence of longer p-adic length scales corresponds to
the emergence of larger and larger coherent dynamical units and generation of a slaving hierarchy.
Energy (and quantum entanglement) feed implying entropy feed is a necessary prerequisite for
quantum self-organization. Zero modes represent fundamental order parameters and localization
in zero modes implies that the sequence of quantum jumps can be regarded as hopping in the
zero modes so that Haken’s classical theory of self organization applies almost as such. Spin glass
analogy is a further important element: self-organization of self leads to some characteristic pattern
selected by dissipation as some valley of the “energy” landscape.

Dissipation can be regarded as the ultimate Darwinian selector of both memes and genes.
The mathematically ugly irreversible dissipative dynamics obtained by adding phenomenological
dissipation terms to the reversible fundamental dynamical equations derivable from an action
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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 Kähler function corresponds to the most probable 3-surfaces. Kähler 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.

2.6 Classical Non-Determinism Of Kähler Action

A further basic element is non-determinism of Kähler 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 Kähler 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 Kähler 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 Kähler action and
classical conserved quantities. The number n of conformal equivalence classes is finite and defines
the value of heff (see Fig. http://tgdtheory.fi/appfigures/planckhierarchy.jpg or Fig.
?? 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.

2.7 P-Adic Physics As Physics Of Cognition

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
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.

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


2.8 P-Adic And Dark Matter Hierarchies And Hierarchy Of Selves 29

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 precise formulation of this vision requires a generalization of the number concept
obtained by fusing reals and p-adic number fields along common rationals (in the case of algebraic
extensions among common algebraic numbers). This picture is discussed in [K24] . 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://tgdtheory.fi/appfigures/book.jpg or Fig. ?? in the appendix
of this book). 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 ' 2k, 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 = 2k − n pinary digits represent a Boolean logic Bk 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.

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 ~). 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 [K5].

Dark matter hierarchy leads to detailed quantitative view about quantum biology with several
testable predictions [K5]. 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

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 [K5]. Also a generalization of the notion of genetic code emerges resolving the paradoxes
related to the standard dogma [K9, K5]. 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 [K5].

http://tgdtheory.fi/appfigures/book.jpg
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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 ~ 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 [K4, K5]. 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 ~.

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 τ 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 CP2 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 M127 = 2127−1 this scale corresponds to.1 seconds
defining the fundamental time scale of living matter via 10 Hz biorhythm (alpha rhythm). The
unexpected prediction is that all elementary particles correspond to time scales possibly relevant
to living matter.

Dark matter hierarchy brings additional finesse. For the higher levels of dark matter hierarchy
τ is scaled up by ~/~0. 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 τ .

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 [K5]. The emergence of these levels must have meant evolutionary leap since long term
memory is also accompanied by ability to anticipate future in the same time scale. This picture
would suggest that the basic difference between us and our cousins is not at the level of genome
as it is usually understood but at the level of the hierarchy of magnetic bodies [K9, K5]. 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.
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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.

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:

//tgdtheory.fi/appfigures/timemirror.jpg or Fig. ?? 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.

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.

4. 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

http://tgdtheory.fi/appfigures/timemirror.jpg
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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 Kähler action form a 4-D spin glass phase. The basic implications following
from the extreme non-linearity of Kähler 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 Kähler 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.

5. 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://tgdtheory.fi/

appfigures/cat.jpg or Fig. ?? 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.

6. 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.

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
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
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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.

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
Kähler 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.

4 Bird’s Eye of View about the Topics of the Book

The topics of “Genes and Memes” relate to DNA and genome in several manners.

1. The oldest layers in the stratigraphy are the vision about DNA inspired by the notion of many-
sheeted space-time and the model of genetic code inspired by the notion of Combinatorial
Hierarchy predicting also the existence of what I have called memetic code. Additional
number theoretical models of genetic code based on p-adic thermodynamics for small p-adic
primes and maximization of entropy or negentropy emerged much later. One must however
admit that although these models reproduce the genetic code they fail to predict it. Models
also fail also to make interesting predictions.

2. The almost exact symmetries of the code table with respect to the first letter lead to the
proposal that the genetic code could has evolved from a simpler code involving only two
letters and this leads to concrete suggestion about how the genetic code might have evolved
as a fusion of two letter code and single letter code. These symmetries were also an essential
element of number theoretical models.
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3. The work with a model of topological quantum computation inspired by the vision about dark
matter hierarchy and the idea that genome and cell membrane act as topological quantum
computer generated several new chapters. The magnetic flux tubes as carriers of dark matter
characterized by a large value of Planck constant would make living matter a macroscopic
quantum system. DNA nucleotides and lipids of the cell membrane would be connected by
magnetic flux tubes and the flow of the 2-D liquid formed by lipids induces braiding of flux
tubes providing both temporal dynamics defining topological quantum computation and a
storage of the program to memory by the braiding of flux tubes in the final state.

4. This model led to a cascade of ideas about quantum control in living matter. Quite generally,
magnetic flux tubes would make living matter kind of Indra’s net explaining the strange
features of gel phase. For instance, the phase transitions changing Planck constant inducing
a contraction or lengthening of the flux tubes would explain why bio-molecules are able to
find each other extremely selectively in the dense soup of bio-molecules inside cell. The
anomalies related to ionic currents find an explanation and a model of nerve pulse and EEG
emerges along these lines.

5. The discoveries of Peter Gariaev about the interaction of ordinary and laser light with genome
combined with the ideas about dark matter and water memory led to a concrete model for the
interaction of photons with DNA. One prediction is that it is possible to “see” dark matter
by allowing ordinary matter interaction with DNA and Peter Gariaev might have already
done this. In this process ordinary photons would transform to dark ones, scatter from
dark matter, transform back to ordinary photons and arrive at camera. A second discovery
- certainly one of the greatest surprises of my professional life - was an end product of an
attempt to understand the mechanism behind water memory for which rather strong support
exists now. The idea was that dark nuclei which sizes zoomed up to atomic size scale could
provide a representation of genes.

It indeed turned out that the model for dark nucleon consisting of three quarks predicts
counterparts of 64 DNAs and RNAs and 20 amino-acids and allows to identify genetic code
as a natural mapping of DNA type states to amino-acid type states. The numbers of DNAs
mapped to a given amino-acid are same as for the vertebrate genetic code. This would mean
that genetic code would be realized at the level of elementary particle physics and chemical
realization would be only one of the many. In fact, the quite recent experimental discoveries
suggest that this kind of representation must exist besides the representation based on the
temporal patterns of polarization direction discovered by Gariaev.

4.1 Organization of “Genes and Memes”

The topics of “Genes and Memes” are organized into two 5 parts.

1. In the 1st part of the book I will discuss the new physics relevant to biology suggested by
TGD and consider a general model for how TGD Universe could act as topological quantum
computer (TQC). Two chapters are devoted to the model of DNA as topological quantum
computer and the ideas inspired by it. The braiding of magnetic flux tubes making TQC
possible is extremely general concept and therefore one can consider that many variants of
the model. Moreover, the proposed models certainly contain unrealistic elements.

2. In the 2nd part of the book mostly physics inspired ideas about genome are considered.
The idea that there exists a hierarchy of analogs of genetic code based on the notion of
Combinatorial Hierarchy is discussed. The hierarchy would contain at least three levels
including a predecessor of genetic code, ordinary genetic code, and what I have coined as
memetic code. The chapter devoted to the notion of many-sheeted DNA represents rather
old contributions and the original model is not yet realistic There are 3 chapters about TGD
interpretation of findings of Peter Gariaev and his research group. The last chapter represents
a model of protein folding and bio-catalysis.

3. In the 3rd part of “Genes and Memes: Part II” three chapters are devoted to TGD inspired
models for prebiotic evolution. I will also consider TGD variant of expanding Earth model



5. Sources 35

explaining several strange findings about Cambrian explosion and suggesting a direct link
between biology and cosmic expansion as TGD describes it.

4. In the 4th of the book mostly physics inspired ideas about genetic code are discussed. The
basic vision looks natural to anyone living at computer age: it would be very natural for
the genetic code to have several representations. The first chapter describes 3 realizations of
genetic code inspired by TGD based new physics. In dark nuclear code codons are represented
as 3-proton states but one can imagine also a realization in terms of quark triplets. The first
realization is supported by the findings of Gerald Pollack.

Second code is based on 3-chords formed by 3 dark photons (with large value of heff = n×h0)
and leads to a model of bio-harmony leading also to the idea of that this music of light serves as
correlate for emotions at molecular level. Second chapter considers the notion of homonymy
of genetic code introduced by Peter Gariaev from TGD point of view. The third chapter
discuss the correspondence between ordinary genetic code and dark nuclear code with codons
represented as 3-proton states.

5. In 5th part have included two chapters about mathematical models of genetic code. The fact
that these models have not developed as physics inspired models have done, suggests that
they are unavoidable sidesteps in the development of ideas.

5 Sources

The eight online books about TGD [K27, K18, K33, K23, K14, K32, K31, K22] and nine online
books about TGD inspired theory of consciousness and quantum biology [K26, K3, K15, K2, K7,
K8, K10, K21, K30] are warmly recommended for the reader willing to get overall view about what
is involved.

My homepage (http://tinyurl.com/ybv8dt4n) contains a lot of material about TGD. In
particular, a TGD glossary at http://tinyurl.com/yd6jf3o7).

I have published articles about TGD and its applications to consciousness and living mat-
ter in Journal of Non-Locality (http://tinyurl.com/ycyrxj4o founded by Lian Sidorov and in
Prespacetime Journal (http://tinyurl.com/ycvktjhn), Journal of Consciousness Research and
Exploration (http://tinyurl.com/yba4f672), and DNA Decipher Journal (http://tinyurl.
com/y9z52khg), all of them founded by Huping Hu. One can find the list about the articles pub-
lished at http://tinyurl.com/ybv8dt4n. I am grateful for these far-sighted people for providing
a communication channel, whose importance one cannot overestimate.

6 The contents of the book

6.1 PART I: TOPOLOGICAL QUANTUM COMPUTATION IN TGD
UNIVERSE

6.1.1 About the New Physics Behind Qualia

This chapter was originally about the new physics behind qualia. The model of qualia indeed in-
volves a lot of new physics: many-sheeted space-time; massless extremals; magnetic and cyclotron
phase transitions associated with quantum critical quantum spin glass phases of exotic super con-
ductors 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 consid-
eration to those ideas which seem to be the final word about quantum biology or qualia just at
this moment.

6.1.2 Topological Quantum Computation in TGD Universe

Topological quantum computation (TQC) is one of the most promising approaches to quantum
computation. The coding of logical qubits to the entanglement of topological quantum numbers

http://tinyurl.com/ybv8dt4n
http://tinyurl.com/yd6jf3o7
http://tinyurl.com/ycyrxj4o
http://tinyurl.com/ycvktjhn
http://tinyurl.com/yba4f672
http://tinyurl.com/y9z52khg
http://tinyurl.com/y9z52khg
http://tinyurl.com/ybv8dt4n
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promises to solve the de-coherence problem whereas the S-matrices of topological field theories
(modular functors) providing unitary representations for braids would give a realization of quantum
computer programs with gates represented as simple braiding operations. Because of their effective
2-dimensionality anyon systems are the best candidates for realizing the representations of braid
groups.

TGD allows several new insights related to quantum computation. TGD predicts new informa-
tion measures as number theoretical negative valued entanglement entropies defined for systems
having extended rational entanglement and characterizes bound state entanglement as bound state
entanglement. Hierarchy of Planck constants labelling phases of dark matter makes possible macro-
scopic quantum coherence. Negentropy Maximization Principle and p-adic length scale hierarchy
of space-time sheets encourage to believe that Universe itself might do its best to resolve the de-
coherence problem. The new view about quantum jump suggests strongly the notion of quantum
parallel dissipation so that thermalization in shorter length scales would guarantee coherence in
longer length scales. The possibility of negative energies and communications to geometric future
in turn might even trivialize the problems caused by long computation times: computation could
be iterated again and again by turning the computer on in the geometric past and TGD inspired
theory of consciousness predicts that something like this occurs routinely in living matter.

Kähler action defines the basic variational principle of classical TGD and predicts extremely
complex but non-chaotic magnetic flux tube structures, which can get knotted and linked. The
dimension of CP2 projection for these structures is D = 3. These structures are the corner stone
of TGD inspired theory of living matter and provide the braid structures needed by TQC.

Anyons are the key actors of TQC and TGD leads to detailed model of anyons as systems
consisting of track of a periodically moving charged particle realized as a flux tube containing
the particle inside it. This track would be a space-time correlate for the outcome of dissipative
processes producing the asymptotic self-organization pattern. These tracks in general carry vacuum
Kähler charge which is topologized when the CP2 projection of space-time sheet is D = 3. This
explains charge fractionization predicted to occur also for other charged particles. When a system
approaches chaos periodic orbits become slightly aperiodic and the correlate is flux tube which
rotates N times before closing. This gives rise to ZN valued topological quantum number crucial
for TQC using anyons (N = 4 holds true in this case). Non-Abelian anyons are needed by TQC,
and the existence of long range classical electro-weak fields predicted by TGD is an essential
prerequisite of non-Abelianity.

Negative energies and zero energy states are of crucial importance of TQC in TGD. The possi-
bility of phase conjugation for fermions would resolve the puzzle of matter-antimatter asymmetry
in an elegant manner. Anti-fermions would be present but have negative energies. Quite generally,
it is possible to interpret scattering as a creation of pair of positive and negative energy states, the
latter representing the final state. One can characterize precisely the deviations of this Eastern
world view with respect to the Western world view assuming an objective reality with a positive
definite energy and understand why the Western illusion apparently works. In the case of TQC
the initial resp. final state of braided anyon system would correspond to positive resp. negative
energy state.

The light-like boundaries of magnetic flux tubes are ideal for TQC. The point is that 3-
dimensional light-like quantum states can be interpreted as representations for the time evolution
of a two-dimensional system and thus represented self-reflective states being “about something”.
The light-likeness (no geometric time flow) is a space-time correlate for the ceasing of subjective
time flow during macro-temporal quantum coherence. The S-matrices of TQC can be coded to
these light-like states such that each elementary braid operation corresponds to positive energy
anyons near the boundary of the magnetic flux tube A and negative energy anyons with opposite
topological charges residing near the boundary of flux tube B and connected by braided threads
representing the quantum gate. Light-like boundaries also force Chern-Simons action as the only
possible general coordinate invariant action since the vanishing of the metric determinant does
not allow any other candidate. Chern-Simons action indeed defines the modular functor for braid
coding for a TQC program.

The comparison of the concrete model for TQC in terms of magnetic flux tubes with the struc-
ture of DNA gives tantalizing hints that DNA double strand is a topological quantum computer.
Strand resp. conjugate strand would carry positive resp. negative energy anyon systems. The
knotting and linking of DNA double strand would code for 2-gates realized as a unique maxi-
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mally entangling Yang-Baxter matrix R for 2-state system. The pairs A-T, T-A, C-G, G-C in
active state would code for the four braid operations of 3-braid group in 1-qubit Temperley Lieb
representation associated with quantum group SL(2)q. On basis of this picture one can identify
N-O hydrogen bonds between DNA strands as structural correlates of 3-braids responsible for the
nontrivial 1-gates whereas N-N hydrogen bonds would be correlates for the return gates acting as
identity gates. Depending on whether the nucleotide is active or not it codes for nontrivial 1-gate
or for identity gate so that DNA strand can program itself or be programmed dynamically.

The more recent work has demonstrated the the particular physical realization discussed in
this chapter is only one possibily, and that braiding naturally generalizes to 2-braiding in TGD
framework with braiding defined for string world sheets in 4-D space-time. Zero energy ontology
allows also to understand why TQC programs - naturally identiable as biological programs - are
selected as those associated with the maxima of Kähler function, which are now space-time surfaces
rather than 3-surfaces.

6.1.3 DNA as Topological Quantum Computer

The chapter represents a vision about how DNA might act as a topological quantum computer).
TQC means that the braidings of braid strands define TQC programs and M-matrix (generalization
of S-matrix in zero energy ontology) defining the entanglement between states assignable to the
end points of strands define the TQC usually coded as unitary time evolution for Schrödinger
equation.

Before a representation of the model of TQC general vision about what happens in quantum
jump, which at least in formal sense can be regarded as quantum computation (TQC), is repre-
sented. Included is also a section about possible modification of thermodynamics required by the
possibility of negentropic entanglement. The modification corresponds simply to the replacement
S → S − N for the entropy in standard thermodynamics. The implications of this replacement
are however highly non-trivial. The “pessimistic” generalization of the second law allows to under-
stand the thermodynamical aspect of TQC. One can understand why living matter is so effective
entropy producer as compared to inanimate matter and also the characteristic decomposition of
living systems to highly negentropic and entropic parts as a consequence of generalized second
law. ADP-ATP process of metabolism provides a concrete application for the generalized ther-
modynamics and allows to see this process as a transfer of negentropic entanglement. Also DNA
double strand for which sugar-phosphate backbone consists of XMPs, X= A,T,C,G containing ne-
gentropy carrying phosphate bonds can be seen as analogous to conscious brain with DNA strands
representing right and left hemispheres.

One can end up to the model of TQC in the following manner.

1. Darwinian selection for which the standard theory of self-organization provides a model,
should apply also to TQC programs. Tqc programs should correspond to asymptotic self-
organization patterns selected by dissipation in the presence of metabolic energy feed. The
spatial and temporal pattern of the metabolic energy feed characterizes the TQC program -
or equivalently - sub-program call.

2. Since braiding characterizes the TQC program, the self-organization pattern should corre-
spond to a hydrodynamical flow or a pattern of magnetic field inducing the braiding. Braid
strands must correspond to magnetic flux tubes of the magnetic body of DNA. If each nu-
cleotide is transversal magnetic dipole it gives rise to transversal flux tubes, which can also
connect to the genome of another cell. As a matter fact, the flux tubes would correspond
to what I call wormhole magnetic fields having pairs of space-time sheets carrying opposite
magnetic fluxes.

3. The output of TQC sub-program is probability distribution for the outcomes of state function
reduction so that the sub-program must be repeated very many times. It is represented as
four-dimensional patterns for various rates (chemical rates, nerve pulse patterns, EEG power
distributions,...) having also identification as temporal densities of zero energy states in vari-
ous scales. By the fractality of TGD Universe there is a hierarchy of TQCs corresponding to
p-adic and dark matter hierarchies. Programs (space-time sheets defining coherence regions)
call programs in shorter scale. If the self-organizing system has a periodic behavior each TQC
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module defines a large number of almost copies of itself asymptotically. Generalized EEG
could naturally define this periodic pattern and each period of EEG would correspond to an
initiation and halting of TQC. This brings in mind the periodically occurring sol-gel phase
transition inside cell near the cell membrane. There is also a connection with hologram idea:
EEG rhythm corresponds to reference wave and nerve pulse patters to the wave carrying the
information and interfering with the reference wave.

4. Fluid flow must induce the braiding which requires that the ends of braid strands must be
anchored to the fluid flow. Recalling that lipid mono-layers of the cell membrane are liquid
crystals and lipids of interior mono-layer have hydrophilic ends pointing towards cell interior,
it is easy to guess that DNA nucleotides are connected to lipids by magnetic flux tubes and
hydrophilic lipid ends are stuck to the flow.

5. The topology of the braid traversing cell membrane cannot be affected by the hydrodynamical
flow. Hence braid strands must be split during TQC. This also induces the desired magnetic
isolation from the environment. Halting of TQC reconnects them and make possible the
communication of the outcome of TQC.

There are several problems related to the details of the realization.

1. How nucleotides A,T,C,G are coded to the strand color and what this color corresponds to
physically? There are two options which could be characterized as fermionic and bosonic.

(a) Magnetic flux tubes having quark and anti-quark at their ends with u,d and uc, dc
coding for A,G and T,C. CP conjugation would correspond to conjugation for DNA
nucleotides.

(b) Wormhole magnetic flux tubes having wormhole contact and its CP conjugate at its
ends with wormhole contact carrying quark and anti-quark at its throats. The latter
are predicted to appear in all length scales in TGD Universe.

2. How to split the braid strands in a controlled manner? High Tc super conductivity suggests
a possible mechanism: braid strand can be split only if the supra current flowing through it
vanishes. A suitable voltage pulse induces the supra-current and its negative cancels it. The
conformation of the lipid could control whether it it can follow the flow or not. The absence
of both genuine magnetic monopoles and boundaries however demands that the monopole
flux tubes must be closed. One manner to achieve this is to assume that the magnetic flux
returns back along second space-time sheet.

A more realistic variant of this model is based on pairs of flux tubes going through the mem-
brane and carrying opposite currents and parallel (opposite) magnetic fields. Reconnection
for the members of the pair occurring the cell membrane effectively cuts both. This conforms
with the identification of Cooper pairs as S = 0 or S = 1 states of electrons at the two flux
tubes. The reconnection occurs naturally at the limit when the velocity of electrons and thus
current goes to zero.

3. How magnetic flux tubes can be cut without breaking the conservation of the magnetic flux?
The notion of wormhole magnetic field could save the situation now: after the splitting
the flux returns back along the second space-time sheet of wormhole magnetic field. An
alternative solution is based on reconnection of flux tubes. Since only flux tubes of same color
can reconnect this process can induce transfer of color: “color inheritance”: when applied
at the level of amino-acids this leads to a successful model of protein folding. Reconnection
makes possible breaking of flux tube connection for both the ordinary magnetic flux tubes
and wormhole magnetic flux tubes.

4. How magnetic flux tubes are realized? The interpretation of flux tubes as correlates of
directed attention at molecular level leads to concrete picture. Hydrogen bonds are by
their asymmetry natural correlates for a directed attention at molecular level. Also flux
tubes between acceptors of hydrogen bonds must be allowed and acceptors can be seen
as the subjects of directed attention and donors as objects. Examples of acceptors are
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aromatic rings of nucleotides, O = atoms of phosphates, etc.. A connection with metabolism
is obtained if it is assumed that various phosphates XMP,XDP,XTP , X = A, T,G,C act
as fundamental acceptors and plugs in the connection lines. The basic metabolic process
ATP → ADP +Pi allows an interpretation as a reconnection splitting flux tube connection,
and the basic function of phosphorylating enzymes would be to build flux tube connections
as also of breathing and photosynthesis.

The rest of the article represents a more concrete vision about how DNA might act as a
topological quantum computer (TQC). The topics discussed are following.

1. How the basic gates are realized concretely? Gates can be identified as basic braid operations
so that the question reduces to how braidings of magnetic flux tubes represent gates and what
kind of particles represent the quantum states. The identification of the particles is in terms
of quarks: TGD indeed predicts a hierarchy of scaled variants of hadron physics.

2. How the braiding is realized? What do braid strands identified as magnetic flux tubes look
like? How the braiding operation is induced? The tentative answer is that color magnetic flux
tubes connecting DNA nucleotides to the lipids of nuclear and cell membrane define braid
strands and that braiding operations are induced by hydrodynamic flow around membrane
generating 2-D flow of liquid crystal defined by the lipids. Also nerve pulse propagation can
induced this kind of 2-D flow.

3. How magnetic flux tubes are realized? The interpretation of flux tubes as correlates of
directed attention at molecular level leads to concrete picture. Hydrogen bonds are by
their asymmetry natural correlates for a directed attention at molecular level. Also flux
tubes between acceptors of hydrogen bonds must be allowed and acceptors can be seen
as the subjects of directed attention and donors as objects. Examples of acceptors are
aromatic rings of nucleotides, O = atoms of phosphates, etc.. A connection with metabolism
is obtained if it is assumed that various phosphates XMP,XDP,XTP , X = A, T,G,C act
as fundamental acceptors and plugs in the connection lines. The basic metabolic process
ATP → ADP +Pi allows an interpretation as a reconnection splitting flux tube connection,
and the basic function of phosphorylating enzymes would be to build flux tube connections
as also of breathing and photosynthesis.

The model is certainly very speculative and heavily relies on the new physics predicted by
TGD. One can also imagine alternative scenarios. The model makes however strong predictions
and is therefore testable.

1. The model makes several testable predictions about DNA itself. In particular, matter-
antimatter asymmetry and slightly broken isospin symmetry have counterparts at DNA level
induced from the breaking of these symmetries for quarks and antiquarks associated with the
flux tubes. DNA cell membrane system is not the only possible system that could perform
TQC like activities and store memories in braidings: flux tubes could connect biomolecules
and the braiding could provide an almost definition for what it is to be living. Even water
memory might reduce to braidings.

2. The model leads also to an improved understanding of other roles of the magnetic flux tubes
containing dark matter. Phase transitions changing the value of Planck constant for the
magnetic flux tubes could be key element of bio-catalysis and electromagnetic long distance
communications in living matter. For instance, one ends up to what might be called code for
protein folding and bio-catalysis. There is also a fascinating connection with Peter Gariaev’s
work suggesting that the phase transitions changing Planck constant have been observed
and wormhole magnetic flux tubes containing dark matter have been photographed in his
experiments.

3. In the proposed vision genes define the hardware and TQC programs the software responsible
for what becomes cultural evolution at the higher levels of evolutionary hierarchy. This vision
explains also the mystery of introns. The quite recent findings challenging genetic determin-
ism expressed using the term “genetic dark matter” provide support for an existence of new
information carrying level at the level of genome identifiable in terms of TQC programs.
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It must be emphasized that this model of DNA as TQC is only one option among many. There
is large flexibility concerning the identification of fermions involved. For instance A,T,C,G could be
represented also in terms of 4 states assignable to two spin half fermions at parallel flux tubes. This
would give rise to high Tc superconductor with both S = 0 (S = 1) Cooper pairs assignet to flux
tubes with opposite (parallel) magnetic fields. The spin-spin interaction energy for the Cooper pair
would be negative and proportional to heff and same for all fermion pairs if heff = hgr hypothesis
holds true at microscopic level.

6.1.4 The Notion of Wave-Genome and DNA as Topological Quantum Computer

Peter Gariaev and collaborators have reported several strange effects of laser light and also ordinary
light on DNA. These findings include the rotation of polarization plane of laser light by DNA,
phantom DNA effect, the transformation of laser light to radio-wave photons having biological
effects, the coding of DNA sequences to the modulated polarization plane of laser light and the
ability of this kind of light to induce gene expression in another organisms provided the modulated
polarization pattern corresponds to an “address” characterizing the organism, and the formation
of images of what is believed to be DNA sample itself and of the objects of environment by DNA
sample in a cell irradiated by ordinary light in UV-IR range.

In this chapter a TGD based model for these effects is discussed. A speculative picture proposing
a connection between homeopathy, water memory, and phantom DNA effect is discussed and on
basis of this connection a vision about how the tqc hardware represented by the genome is actively
developed by subjecting it to evolutionary pressures represented by a virtual world representation
of the physical environment. The speculation inspired by this vision is that genetic code as well as
DNA-, RNA- and amino-acid sequences should have representation in terms of nuclear strings. The
model for dark baryons indeed leads to an identification of these analogs and the basic numbers
of genetic code including also the numbers of aminoacids coded by a given number of codons are
predicted correctly. Hence it seems that genetic code is universal rather than being an accidental
outcome of the biological evolution.

6.2 PART II: TGD INSPIRED MODELS FOR GENOME

6.2.1 Genes and Memes

In this article basic TGD inspired ideas about genetic code are discussed.
1. Genetic and memetic code from the model of abstraction process
The basic numbers of genetic code are probably not accidental. This led for more than two

decades ago to an attempt to construct a model for abstraction process reproducing the basic
numbers of the genetic code. The simplest model for an abstraction process is based on a repeated
formation of statements about statements starting from two basic statements. If one drops at each
step of the construction the statement corresponding to empty set in the set theoretic realization
of Boolean algebra, one obtains a hierarchy allowing to understand the basic numbers of genetic
code, including the number of amino-acids. What one obtains is so called Combinatorial Hierarchy
consisting of the Mersenne numbers 2,M(1) = 3, 7 ,127, 2127 − 1, .. constructed using the rule
M(n+ 1) = MM(n) = 2M(n)−1. The explicitly listed ones are known to be primes. Combinatorial
Hierarchy emerges from a model of abstraction process as subsequent transitions from level to
meta level by forming Boolean statements about Boolean statements of level n and dropping one
statement away.

The infinite hierarchy of possible genetic codes suggests the possibility of an infinite hierarchy of
increasingly complex life-forms. The natural question is whether a counterpart of the genetic code
could make sense for our ideas, memes. Combinatorial Hierarchy model for abstraction process
predicts that memetic code should correspond to the level M127 of the hierarchy. This leads to a
precise realization of the memetic code in terms of binary sequences. Codewords, counterparts of
mRNA, correspond to 126-bit sequences. Also almost-127-bit code with 2127−1 codons is possible.

2. Frequency and pulse representations of codes
p-Adic length scale hypothesis and identification of codes as special cases of a hierarchy of

p-adic cognitive codes allows quantitative predictions. The most general assumption assigns to
any prime p ' 2k, k integer, a hierarchy of cognitive codes with codeword having a duration equal
to n-ary p-adic time scale Tp(n) such that the number of bits is factor k1 of k. Codewords could
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be realized either as k1 harmonics of the fundamental frequency fp(n) = 1/Tp(n) or as temporal
sequences of bits of duration τ = Tp(n)/k1 represented as pulses of maximal duration τ . Pulse-
frequency dichotomy corresponds to dichotomies like particle-wave, nerve pulse-EEG, and talking
left brain-singing right brain.

Genetic code would correspond to k = 27 − 1 = 127 and have 6 bits (64 DNA triplets). These
codewords could be realized dynamically as temporal field patterns. For genetic code primes
p ' 2k, k = 6× n define candidates for the duration of the genetic code word if all factors of k are
assumed to define a possible number of bits of the code word. The time scales come as powers of
8 so that they cover the entire range of biologically relevant time scales down to CP2 length scale,
and genetic code could appear as fractally scaled versions unlike memetic code and perhaps also
outside the biological context. k = 2 × 126 = 2 × 6 × 21 = 252 allows the representation of both
126-bit memetic codeword, 6-bit genetic codeword, and almost-7-bit genetic code word. For pulse
representation genetic codon would have a duration of 50 ms whereas the bit would have duration
of 8.3 ms so that the realization using nerve pulse patterns is in principle possible. Frequency
representation would be realized as 6 first harmonics of the fundamental frequency f1 = 2n × 20
Hz, where f1 = 20 Hz defines the lower end of audible frequency range and also the rate for
the translation of mRNA triplets to amino-acids. 126-bit memetic code allows a representation
as sequence of 21 nerve pulses of duration 2.4 ms each of them accompanied by 6-bit genetic
codon realized at the microtubular level (this representation of genetic code has been suggested by
Koruga).

The secondary p-adic time scale associated with M127 is .1 seconds and defines the duration
of the almost 127-bit memetic codeword. For frequency representation is realized as 127 first
harmonics of f1 = 10 Hz and the duration of the bit for pulse representation is .8 ms which
is shorter than the duration of nerve pulse. The duration .1 seconds of code word might be
identified as the minimal duration of cortical mental images, and the so called features introduced
by Walter Freeman could define pulse representation of memetic code words of 127 bits. The highest
frequency in the frequency representation is 1270 Hz and could define the frequency responsible
for synchronous neuronal firing known to be about 1 kHz. Various numerical co-incidences suggest
that language corresponds to a particular realization of memetic and genetic codes closely related
to their realization at DNA level.

3. Model for the evolution of genetic code from the symmetries of the code
TGD leads to a model for the evolution of the genetic code motivated by the observation

that the genetic code possesses an exact A-G and almost exact T-C permutation symmetry with
respect to the third nucleotide of the DNA triplet. This leads to the hypothesis that genetic code
has evolved as a fusion of doublet and singlet codes accompanied by a small breaking of the product
symmetry. The hypothesis is highly predictive, and it is possible to reproduce genetic code and
its variants by this mechanism in a natural manner. The mechanism has deep implications for the
models of the bio-chemical evolution before genetic code: in particular a detailed model for the
evolution of genetic code and pre-biotic evolution emerges.

4. Mapping memetic code to 169-bit micro-tubular code
169-bit micro-tubular code words is excellent candidate for a representation of long term mem-

ories as a temporal list of activated memes. The model for the mapping of memetic code to 169-bit
microtubular code is dictated by the general ideas about realization of intentions and p-adic cogni-
tive codes. When combined with general number theoretical arguments and physical considerations
the model becomes highly unique. The prediction for the intronic representation of the memetic
codon involving 9 DNA triplets as parity bits is readily testable, and also the prediction for the
microtubular electric field pattern is in principle testable.

5. Genes, memes, and universal language
Also static representations of the memetic code are possible and intronic DNA could provide

representation of memetic codewords as sequences of 21 DNA triplets. At DNA level memes
and genes should relate like computer software and hardware. In the case of language the rules
producing a given linguistic expression can be seen as the high level software, main programs,
whereas words can be seen as hardware-like lower level subprograms. This leads to the idea that
memetic codewords define the basic program modules producing linguistic expressions by activating
genes which express themselves in terms of field patterns generating nerv pulse patterns generating
words or word sequences very much analogous to proteins.

Time mirror mechanism and the structure of the computer language LISP inspire a concrete
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model for memes as intronic programs initiated from magnetic body and calling genes as subpro-
grams in turn calling other genes as subprograms and generating at the lowest level field patterns
generating nerve pulses patterns giving rise to the motor action producing speech. Phonemes could
directly correspond to DNA triplets and define the basic building blocks of language having as such
no meaning. If this view is correct, the development of spoken and written language would mean
basically the emergence of a higher level of intentionality, which utilizes an already existing reper-
toire of memes expressed in many other manners. This would in turn suggest that animals and
even plants possess some kind of languages realized at cellular level, and that even inter-species
communications using common memetic grammar and genetic vocabulary.

6. Corals and men
A strong support for the idea of interspecies communications come from the sensational finding

that the genome of corals, known to be the most primitive animals having nervous system, share
a large number of common genes with vertebrates whereas they share much less common genes
with flies and worms. This finding challenges profoundly the existing view about the evolution of
animals and adds a further mystery to the halo of mysteries surrounding Cambrian explosion.

Since corals are usually regarded as relatively simple creatures, the most obvious questions
concern the function of the complex genome. The TGD inspired answer is that the common genes
provide a common vocabulary making possible communications between corals and vertebrates
such as fishes. The genes express themselves in terms of electromagnetic field patterns and cyclotron
transitions of Ca++ ions giving rise to primitive EEG are crucially involved. The calcium containing
skeleton possessed by both corals and vertebrates could amplify the field patterns representing genes
and make possible interspecies communications.

Coral reefs can be also seen as super organisms with cells replaced by double cell layers forming
the corals. This forces to consider the possibility that coral reefs are super-organisms perhaps even
possessing super-neural system consisting of super-neurons defined by differentiated corals. Ac-
cordingly, in TGD Universe coral reefs could be seen as descendants of higher level intra-terrestrial
life forms which boosted Cambrian explosion by horizontal transfer of genes to much simpler life
forms and providing also them with a nervous system.

7. Does ontogeny recapitulate also the future phylogeny at the level of genes and memes?
Ontogeny recapitulates phylogeny means that the morphogenesis of the embryo repeats the

evolutionary steps leading to the organism. One might ask whether and how this process is realized
at the level of genes and memes (introns expressing themselves electromagnetically): this could
provide further understanding of the mysterious “junk DNA”. Combining this question with some
recent puzzling findings leads to a rather radical revision of the view about evolution proceeding
through random mutations.

1. The second strange finding besides coral genome reported in New Scientist (5 June, 2004)
was that the removal of large portions of conserved intronic DNA from mice has no detectable
effects on the basic biological functions. Conserved parts of DNA are usually thought as being
an outcome of a long selection process and far from genetic trash. This could be understood
if the conserved introns have been radiated from corals and the selection process has occurred
already before the Cambrian explosion induced by the emergence of the corals and leading to
the sudden emergence of new highly developed life forms. That mouse introns did not have
any identifiable function could mean that they are still waiting for time to become ripe for
their expression.

2. A third strange discovery relates to morphogenesis and is known as Ciba Geigy effect.
Chemists Guido Ebner and Guido Schuerch exposed germs, seeds, and eggs to an electric
field with strength in the range .5-2 kV/m. For instance, the resulting trouts appeared to
resemble their ancient predecessors. The leaves of certain plants represented a series of snap-
shots from evolution with the oldest leaves dating back to 300 million years. This suggests
that the memone and genome represent ontogeny recapitulates phylogeny principle quite
concretely, and that static electric fields could provide the practical manner to activate and
study the ancient morphologies. Even partial transmutation of life forms to each other might
be possible (beautiful swan to ugly duckling at least!). The activation of morphologies not
yet realized is probably more difficult: new memetic programs require new genetic hardware.

The resulting vision about evolution of higher organisms would be as the activation of conserved
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memes and genes basically inherited from corals rather than by the emergence of new genes by
random mutations. Very much like learning new features of a text processing program. The
explosive evolution of human civilization could correspond to a rapid shift of the activated portion
of memone and genome. The fact that 95 per cent of our DNA consists of introns suggests that
an enormous evolutionary potential exists also at the level of personal evolution during single
life cycle. TGD view about space-time as a 4-dimensional living organism would mean that this
personal evolution continues after the biological death since the 4-body of geometric past does not
disappear in the biological death.

6.2.2 Many-Sheeted DNA

The problems of how genes code information about the morphology of organism and how this
information is expressed, belong to the great puzzles of the developmental biology. A closely
related mystery is the differentiation of cells. The notion of the genetic program is far from precise
and it is not clear how close the analogy with a computer program is. There are also several
problems which challenge the basic dogmas of genetics.

1. Only 1 per cent of DNA of human genome actually codes polypeptides. Eukaryote genes
contain intron sequences which are transcribed into hnRNA but snipped of when hnRNA is
transformed mRNA in process called slicing. The higher the evolutionary level of organism,
the higher the fraction of introns is. Molecular Darwinists see introns as “junk DNA” but
there is evidence that introns are far from junk. For instance, the splicing of intron con-
tribution from hnRNA to give mRNA can give several different outcomes depending on the
stage of development of the organism and introns are crucial for the effectiveness of immune
system. Hence one can wonder whether intronic mRNA and protein mRNA could both form
the real output of gene subprograms serving in some sense as input for other gene subpro-
grams. This interpretation obviously conflicts with “gene-single protein” dogma in its basic
form.

2. There are large amounts of highly repetitive DNA which is silent. One can wonder whether
there is some fundamental mis-understanding involved. Could it be that this DNA is anal-
ogous to control DNA not transcribed to RNA and therefore not all useless. There is also
active repetitive DNA.

3. There is large amount of silent DNA in control sections between genes. Could it be that this
silent DNA expresses itself in some nonchemical manner? Chemical expression is very slow,
translation rate being twenty aminoacids per second, and one can wonder whether life might
have invented faster modes of gene expression and control of gene expression.

4. Plant genome is often by a factor of hundred longer than human genome. One could argue
that the complexity of organism is measured by the length of the shortest program coding the
organism. It is however not at all obvious how the genome of plants could be more redundant
than human genome since repetitive sequences common to all animals are present. Introns
are in fact more frequent in human genome. This suggests that some new unidentified degrees
of freedom giving rise to complexity might be present and that the chemistry of DNA in the
sense of standard physics is perhaps not all that is needed to understand genetic program.

5. Various self-organization processes such as self-assembly and de-assembly are very frequent
in living systems. The problem how genes give rise to morphology of the organism is poorly
understood. This forces to challenge the dogma of genetic determinism. One should be able
to understand what is determined by genes and what is determined by self-organization and
whether the genes of the standard physics are enough.

The reason why the above mentioned problems have turned out to be so untractable might
be due to a wrong view about space-time. Many-sheeted space-time concept of TGD might be
absolutely crucial for the expression of genetic code. Gene itself might be many-sheeted space-
time structure coding faithfully the topology of the expression domain of gene. This many-sheeted
structure of DNA could allow to understand the miraculous looking features of DNA replication
and cell differentiation. TGD based view of evolution as p-adic evolution implied by the basic
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quantum theory, should be a crucial element of the picture. Together with p-adic length scale
hypothesis, with Combinatorial Hierarchy model for genetic code allowing to interpret genes as
Boolean statements, and general vision about quantum control and coordination based on a hi-
erarchy of weakly coupled super conductors, the notion of many-sheeted DNA leads to precise
quantitative predictions and a general model for genetic program. In particular, one can under-
stand the mystery of introns. What interesting from the point of view of our consciousness is that
it might be possible to interpret the Boolean statements represented by the exon and intron parts
of genes as a physical representation for our belief system. Thus genes would code both matter–
and mind like hardware of the living system.

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 hierarchy of these
bodies with even much larger sizes. Therefore the question arises what distinguishes between the
magnetic bodies of Earth and human body.

The vision about dark matter hierarchy labelled partially by a hierarchy of values of effective
Planck constant coming as integer multiples of the ordinary Planck constant leads to a rather
concrete view about the hierarchy of magnetic bodies and implies a natural generalization leading
to the notion of super- and hyper genes. The original model assumption ~eff = λkd~0, λ ' 211, is
however un-necessarily strong.

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.

6.2.3 Model for the Findings about Hologram Generating Properties of DNA

A TGD inspired model for the strange replica structures observed when DNA sample is radiated
by red, IR, and UV light using two methods by Peter Gariaev and collaborators. The first method
produces what is tentatively interpreted as replica images of either DNA sample or of five red
lamps used to irradiate the sample. Second method produce replica image of environment with
replication in horizontal direction but only at the right hand side of the apparatus. Also a white
phantom variant of the replica trajectory observed in the first experiment is observed and has in
vertical direction the size scale of the apparatus.

A model is developed in order to explain the characteristic features of the replica patterns.
The basic notions are magnetic body, massless extremal (topological light ray), the existence of
Bose-Einstein condensates of Cooper pairs at magnetic flux tubes, and dark photons with large
value of Planck constant for which macroscopic quantum coherence is possible. The hypothesis is
that the first method makes part of the magnetic body of DNA sample visible whereas method II
would produce replica hologram of environment using dark photons and produce also a phantom
image of the magnetic tubes becoming visible by method I. Replicas would result as mirror hall
effect in the sense that the dark photons would move back and forth between the part of magnetic
body becoming visible by method I and serving as a mirror and the objects of environment serving
also as mirrors. What is however required is that not only the outer boundaries of objects visible
via ordinary reflection act as mirrors but also the parts of the outer boundary not usually visible
perform mirror function so that an essentially 3-D vision providing information about the geometry
of the entire object would be in question. Many-sheeted space-time allows this.

The presence of the hologram image for method II requires the self-sustainment of the reference
beam only whereas the presence of phantom DNA image for method I requires the self-sustainment
of both beams. Non-linear dynamics for the energy feed from DNA to the magnetic body could
make possible self-sustainment for both beams simultaneously. Non-linear dynamics for beams
themselves could allow for the self-sustainment of reference beam and/or reflected beam. The
latter option is favored by data.
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6.2.4 Quantum Model for Remote Replication

A model for remote replication of DNA is proposed. The motivating experimental discoveries
are phantom DNA, the evidence for remote gene activation by scattered laser light from similar
genome, and the recent findings of Montagnier’s and Gariaev’s groups suggesting remote DNA
replication.

Phantom DNA is identified as dark nucleon sequences predicted by quantum TGD with dark
nucleons defining naturally the analogs of DNA, RNA, tRNA, and amino-acids and realization of
vertebrate genetic code. The notion of magnetic body defining a hierarchy of flux quanta realize
as flux tubes connecting DNA nucleotides contained inside flux tubes connecting DNA codons
and a condensed at flux sheets connecting DNA strands is an essential element of the model.
Dark photons with large value of Planck constant coming as integer multiple of ordinary Planck
constant propagate along flux quanta connecting biomolecules: this realizes the idea about wave
DNA. Biomolecules act as quantum antennas and those with common antenna frequencies interact
resonantly.

Biomolecules interacting strongly - in particular DNA nucleotides- would be characterized by
same frequency. An additional coding is needed to distinguish between nucleotides: in the model
for DNA as topological quantum computer quarks (u,d) and their antiquarks would code for the
nucleotides A,T,C, and G would take care of this. The proposed role of quarks in biophysics of
course makes sense only if one accepts the new physics predicted by quantum TGD. DNA codons
(nucleotide triplets) would be coded by different frequencies which correspond to different values
of Planck constant for photons with same photon energy propagating along corresponding flux
tubes. This allows to interpret the previously proposed TGD based realization of so called divisor
code proposed by Khrennikov and Nilsson in terms of quantum antenna mechanism. Years later
from this proposal a much more detailed mode emerged leading to a formula for heff = n × h
making heff proportional to the mass (number) of the charged particle involved. This predicts
universal energy spectrum for dark photons in the range of visible and UV photons. Dark photons
can transform to ordinary ones in energy conserving manner and the outcome is identified as
biophotons.

In this framework the remote replication of DNA could be understood. DNA nucleotides
interact resonantly with DNA strand and attach to the ends of the flux tubes emerging from DNA
strand and organized on 2-D flux sheets. In Montagnier’s experiment the interaction between test
tubes A and B would be mediated by dark photons between DNA and dark nucleon sequences and
amplify the dark photon beam, which in turn would induce remote replication. In the experiment
of Gariaev scattered laser light would help to achieve the same purpose. Dark nucleon sequences
would be generated in Montagnier’s experiment by the homeopathic treatment of the test tube B.

Dark nucleon sequences could characterize the magnetic body of any polar molecule in water
and give it a “name” written in terms of genetic codons so that genetic code would be much
more general than usually thought. The dark nucleon sequence would be most naturally assigned
with the hydrogen bonds between the molecule and the surrounding ordered water being perhaps
generated when this layer of ordered water melts as the molecule becomes biologically active.
Water memory and the basic mechanism of homeopathy would be due to the “dropping” of the
magnetic bodies of polar molecules as the water is treated homeopathically and the dark nucleon
sequences could define an independent life form evolving during the sequence of repeated dilutions
and mechanical agitations taking the role environmental catastrophes as driving force of evolution.
The association of DNA, RNA and amino-acid sequences associated with the corresponding dark
nucleon sequences would be automatic since also also they are polar molecules surrounded by
ordered water layers.

The transcription of the dark nucleon sequences associated the with the polar invader molecule
to ordinary DNA sequences in turn coding of proteins attaching to the invader molecules by the
quantum antenna mechanism could define the basic mechanism for functioning and evolution of
the immune system.

6.2.5 A Model for Protein Folding and Bio-catalysis

The model for the evolution of genetic code leads to the idea that the folding of proteins obeys a
folding code inherited from the genetic code. The flux connections between molecules containing
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dark matter in macroscopic quantum phase and characterized by two integers are the basic new
physics element of the model.

After some trials one ends up with a general conceptualization of the situation with the identifi-
cation o magnetic flux tubes as correlates of attention at molecular level so that a direct connection
with TGD inspired theory of consciousness emerges at quantitative level. This allows a far reaching
generalization of the DNA as topological quantum computer paradigm and makes it much more
detailed. By their asymmetric character hydrogen bonds are excellent candidates for contracted
magnetic flux tubes serving as correlates of attention at molecular level.

One can consider two models. For the first model the flux tubes between amino-acids are
assumed to determine the protein folding.

1. The constant part of free amino-acid containing O − H, O =, and NH2 would correspond
to the codon XYZ in the sense that the flux tubes would carry the “color” representing the
four nucleotides in terms of quark pairs. Color inheritance by flux tube reconnection makes
this possible. For the amino-adics inside protein O = and N −H would correspond to Y Z.
Also flux tubes connecting the acceptor atoms of hydrogen bonds are required by the model
of DNA as topological quantum computer. The long flux tubes between O = atoms and
their length reduction in a phase transition reducing Planck constant could be essential in
protein-ligand interaction.

2. The model predicts a code for protein folding: depending on whether also = O − O = flux
tubes are allowed or not, Y = Z or Y = Zc condition is satisfied by the amino-acids having
N − H − −O = hydrogen bond. For = O − O = bonds Y − Yc pairing holds true. If one
identifies hydrogen bond with flux tube (Y (n) = Z(n+ k)) the model works badly for both
options. If one assumes only that the presence of a flux tube connecting amino-acids in
either direction (Y (n) = Z(n+ k) or Z(n) = Y (n+ k)) is a prerequisite for the formation of
hydrogen bond, the model works. Y = Zc option predicts the average length of alpha bonds
correctly. Y = Z rule is however favored by the study of alpha helices for four enzymes:
the possible average length of alpha helix is considerably longer than the average length of
alpha helix if gene is the unique gene allowing to satisfy Y = Z rule. The explicit study of
alpha helices for four enzymes demonstrates that the failure to satisfy the condition for the
existence of hydrogen bond fails rarely and at most for two amino-acids (for 2 amino-acids
in single case only). For beta sheets there ar no failures for Y = Z option.

3. The information apparently lost in the many-to-one character of the codon-amino-acid corre-
spondence would code for the folding of the protein and similar amino-acid sequences could
give rise to different foldings. Also catalyst action would reduce to effective base pairing and
one can speak about catalyst code. The DNA sequences associated with alpha helices and
beta sheets are completely predictable unless one assumes a quantum counterpart of wobble
base pairing meaning that N −H flux tubes are before hydrogen bonding in quantum super-
positions of braid colors associated with the third nucleotides Z of codons XY Z coding for
amino-acid. Only the latter option works. The outcome is very simple quantitative model for
folding and catalyst action based on minimization of energy and predicting as its solutions
alpha helices and beta strands.

Second model represents a diametrical opposite of the first model in the sense in that it assumes
flux tube connections only between amino-acids and water molecules. These flux tubes mediate
an attractive (repulsive) interaction in the case of hydrophily (hydrophoby) due to the behavior
of magnetic (presumably) interaction energy as a function of Planck constant (or integers charac-
terizing the level of dark matter) assignable to the flux tube. For hydrophoby (hydrophily) the
interaction energy is minimized for long (short) flux tubes. The interaction between amino-acids
is induced by this interaction in a manner analogous to how the interaction between electrons and
ions induces secondary interaction between the members of a Cooper pair. The model explains
the basic qualitative aspects of protein folding and the quantitative model of folding based on
amino-acid-amino-acid flux tubes allows a generalization which is however discussed at numerical
level.

Decade after writing this chapter the vision about the role of DNA in TGD Universe evolved
with inspiration coming from the model of water memory and homeopathy and the realization



6.3 PART III: TGD INSPIRED MODELS FOR EVOLUTION 47

that homeopathy might represent a core elemement in the functioning of immune system involving
new physics in an essential manner. The key idea is that dark variants of amino-acid sequences
would have coded for the 2-braiding of the magnetic flux tube patterns defining invader molecule
as a dynamical process: dark proteins would mimic physically the braiding of invader molecule’s
magnetic body. Dark DNA sequences would have coded this braiding symbolically and their
translation to dark amino-acids would transform symbolic representation to a concrete physical
one. The emergence of ordinary DNA and amino-acids would have realized the same at biochemical
level and amino-acid sequences representing the invader would serve as antigene attaching to the
invader molecule. Not only the pattern produced in protein folding but also the temporal pattern
of protein folding would be coded by DNA.

6.3 PART III: TGD INSPIRED MODELS FOR EVOLUTION

6.3.1 Evolution in Many-Sheeted Space-Time

This chapter was originally about prebiotic evolution but gradually extended so that it became
natural to drop the attribute “prebiotic”. Of course, a collection of ideas rather than detailed
history of life is in question. There are many rather speculative ideas such as the strong form of
the hypothesis that plasmoid like life forms molecular life forms has evolved in “Mother Gaia’s
womb”, maybe even in the hot environment defined by the boundary of mantle and core. The
motivation for tolerating these “too crazy” ideas is that according to recent TGD inspired theory
of consciousness life is a completely universal phenomenon appearing in all scales.

1. Basic facts about and TGD based model for pre-biotic evolution are discussed.

2. A model for the ATP-ADP process based on DNA as topological quantum computer vision,
the identification of universal metabolic energy quanta in terms of zero point kinetic energies,
and the notion of remote metabolism is discussed.

3. A model for the evolution of the recent genetic code (3-codons) as a fusion of codes for which
codons are nucleotides (1-codons) and di-nucleotides (2-codons) is discussed. The symmetries
of the genetic code, the observation that tRNA can be seen as a fusion of two hairpin like
DNA molecules, and the finding that the first nucleotides of 3-codon code for the reaction
path leading from a precursors of the amino-acid to amino-acids for hydrophobic/hydrophilic
dichotomy, serve as motivations of the model. 1- and 2-codes corresponding to the two
forms of RNA (the exotic 2′ − 5′ RNA and the usual 3′ − 5′ RNA) would have prevailed
in RNA world. Amino-acids would have served as catalysts for the copying of RNA on one
hand, and RNA molecules would have catalyzed the formation of amino-acids from their
precursors on one hand, meaning the presence of a positive feedback loop. In the transition
to DNA-amino-acid era RNA began to be translated to amino-acid sequences.

4. Cambrian explosion represents a rather mysterious period in biology: new highly developed
phylae emerged out of nowhere. A second strange finding is that continents would fit together
to form single super-continent covering entire Earth’s surface at time of Cambrian explosion
if the radius of Earth would have been one half of its recent value. This finding has inspired
Expanding Earth theories but it has not been possible to identify the mechanism causing
the expansion. The success of the standard tectonic plate theory requires that possible
expansion must have occurred in relatively short geological time scale. The hierarchy of
Planck constants implies that cosmic expansion has occurred in quantum leaps increasing
the value of heff and thus of quantum scales by factors which tend to be powers of 2. Cosmic
expansion would have occurred as jerks even in the case of planets. In the proposed model
Cambrian explosion would have accompanied the expansion of the Earth’s radius by a factor
of 2: during this period an outburst of highly developed life forms from underground seas to
the surface of Earth would have taken place.

5. The last section of the chapter compares TGD based view about the evolution of genetic
code to the views of McFadden. This section is a little bit out of date. For instance, the
hypothesis that magnetic body of DNA could induce mutations purposefully is not discussed.
This hypothesis is natural if one believes that magnetic flux tubes connecting bio-molecules
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play a key role in bio-catalysis. This idea is discussed in the chapter devoted to protein
folding.

6. A vision about biological evolution and evolution of brain is discussed on basis of the wisdom
gained from the construction of the models of sensory receptor and generalized EEG.

7. TGD inspired theory of consciousness in its recent form predicts that life is a universal
phenomenon. The possibility that oil droplets could be seen as a primitive life form is
discussed in the last section of the chapter.

6.3.2 Expanding Earth Model and Pre-Cambrian Evolution of Continents, Climate,
and Life

TGD inspired quantum cosmology predicts that astrophysical objects do not follow cosmic expan-
sion except in jerk-wise quantum leaps increasing the gigantic value of the gravitational Planck
constant hgr characterizing space-time mediating gravitational interactions between two masses or
gravitational self interactions. This assumption provides explanation for the apparent cosmological
constant. As a matter fact, gigantic value of hgr. By Equivalence principle and independence of
gravitational acceleration on mass it is enough to assume that only microscopic systems have the
gravitational flux tube contacts with central mass. In this case the value range of hgr is consistent
with the identification as heff = n × h introduced with motivations coming from biology and in
TGD framework following from the non-determinism of Kähler action.

Also planets are predicted to expand in a stepwise manner allowing to imagine a new version
of Expanding Earth theory originally postulated to explain the intriguing findings suggesting that
continents have once formed a connected continent covering almost the entire surface of Earth but
with radius which was one half of the recent one.

This leads also to a rather fascinating vision about biology. The mysterious Cambrian Explosion
in which a large number of new species emerged suddenly (realized already Darwin as the strongest
objection against his theory) could be understood if the life would have gone to underground lakes
and seas formed during the expansion period as fractures were formed and the underground cavities
expanded and were filled with water. This would have allowed the life to escape cosmic radiation,
meteoric bombardment, and the extremely cold climate during Proterozoic period preceding the
Cambrian Explosion and migrate back as highly developed life forms as the period of glaciations
ended.

Before the Proterozoic era the radius of Earth would have been one half of its recent value and
started to grow with gradually accelerating rate. This forces to rewrite the entire geological and
climate history of Earth during the Proterozoic period.

1. The postulated physically implausible cyclic appearance of single connected super-continent
containing all land mass can be given up and replaced with a single continent containing
large inland seas. There is no need to postulate the existence of series of super-oceans whose
ocean floor would have subduced totally so that no direct information about them would
exist nowadays.

2. The dominating model for pre-Cambrian climate is so called Snowball Earth model inspired
by the finding that signatures of glaciations have been found at regions of Earth, which should
have been near Equator during the Proterozoic. Snowball model has several difficulties: in
particular, there is a lot of evidence that a series of ordinary glaciations was in question.
For R/2 option the regions located to Equator would have actually been near North Pole so
that the glaciations would have indeed been ordinary glaciations proceeding from the poles.
A killer prediction is the existence of non-glaciated regions at apparent southern latitudes
around about 45 degrees and there is evidence for these indeed exists! The model makes also
testable paleomagnetic killer predictions. In particular, during periods when the magnetic
dipole in the direction of rotation axis the directions of the magnetic fields for R/2 model
are predicted to be same at South Pole and apparent Equator and opposite for the standard
option.
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6.3.3 Dark matter, quantum gravity, and prebiotic evolution

The ideas related to prebiotic evolution have developed rather rapidly after the discovery of the
hierarchy of Planck constants around 2003 providing a general manner to understand living organ-
isms as macroscopic quantum systems.

Magnetic body as carrier of dark matter realized as phases with non-standard value heff = n×h
of Planck constant is the key concept in the developments and brings to the description of the living
matter a third level besides organism and environment.This has led to developments in the model of
EEG as communication tool between biological and magnetic body and led to the interpretation of
bio-photons as decay products of dark EEG photons. Also bio-superconductivity is now reasonably
well-understood and the model for cell membrane as Josephson junction is generalized to include
cyclotron energy besides difference in Coulomb energy. Square root of thermodynamics inspired
by Zero Energy Ontology suggests itself as a proper description of Josephson junctions defined by
transmembrane proteins. The dark genetic code seems to have so strong explanatory power that it
must be taken seriously. The model of water memory and homeopathy has led to an evolution of
ideas relating to the development of immune system and bio-catalysis. The latest steps of progress
were induced by the realization that the replication of magnetic body could be behind that of
DNA and cell, the discovery of fourth phase of water and exclusion zones by Pollack et al, and
by the observation that anomalously high gravimagnetic Thomson field implied by large value of
gravitational Planck constant could explain the anomalously large mass measured for electronic
Cooper pairs in rotating super-conductor.

In this chapter the model for water memory and homeopathy is discussed and shown to lead
to a general model for how immune system and bio-catalysis could have developed from their dark
primordial versions, how dark proteins might have emerged as concrete representations for invader
molecules making it possible to make the invader non-dangerous by attaching to its magnetic body,
how DNA and genetic code could have emerged as symbolic representations for the magnetic bodies
of invader molecules and later as symbolic representation of the magnetic body of the system itself.
ZEO implies that actually time evolution of the magnetic body can be coded by DNA and protein
folding could provide a concrete representation for this time evolution.

6.3.4 More Precise TGD View about Quantum Biology and Prebiotic Evolution

In this work I try to clarify the relation of the basic notions of TGD and of TGD inspired biology
to the ordinary bio-chemistry. I also try to improve my understanding about work of Fröhlich, Del
Giudice, and Pollack using the notions of TGD. The key idea is the notion of coherence induced by
weak em fields with preferred frequencies, which in ordinary quantum theory correspond to energies
much below the thermal energy in quantum theory - this creates what is called kT paradox.

In TGD framework one can do without coherence regions (one could perhaps identify them as
special cases of Pollacks EZs), which can be much larger. The basic observation is that for a pair
of hydrogen bonded water molecules the reaction 2H2O→ H3O−2 + dark proton require UV photon
with energy of O-H bond of about 5.15 eV. Water clathrates are good candidates for the precursors
of EZs since they have size scale in the same range as EZs and contain hydrogen bonded water.
Quantum criticality suggests that this process should occur spontaneously as a chain reaction.
This is achieved in the same manner as in nuclear fusion if the dark protons at the flux tube fused
to nuclear strings giving rise to dark nuclei.

If dark nuclear binding energy transforms as Coulomb energy, the nuclear energy scale of MeV
scales down to 1-10 eV - depending on the value of heff . An attractive guess is that the energy
range of bio-photons corresponds to that for dark nuclear binding and excitation energies. Their
spontaneous transformation back to ordinary nuclei would liberate energy could at least partially
explain the evidence for bio-transmutations. Also the relation to cold fusion is interesting.

Dark nuclear binding energy is liberated as dark photons decaying into bunches of ordinary
photons inducing further reactions hydrogen bonded 2H2O→ H3O−2 + dark proton also other kind
of dark ionizations. If the size of EZs varies from about 1 micron to 100 microns and if the the
size scale of EZ corresponds to the wavelength of dark gamma photon heff/h varies in the range
106 − 108. This would be the total number of dark photons resulting in the decay to ordinary
photons. Water clathrates have same size scale range as EZs and consist of hydrogen bonded
water molecules and could serve as precursors of EZs: EZ would have different lattice structure
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than clathrates.
In this process ordinary protons transform dark protons at magnetic flux tubes outside EZ. Dark

ionization differs from ordinary ionization only in that the proton is dark. The difference between
dark and ordinary ionization would define the borderline between ordinary and bio-chemistry (or
dark chemistry). Chemical quantum criticality is possible also for other cations and also anions
and all biologically important ions can appear as dark ions.

The Urey-Miller experiment was very successful: it produced a large variety of amino-acids
crucial for life from simple basic constituents. The variant of this experiment has even produced
adenosine, DNA nucleotide fundamental for ATP. There is however a severe problem. The prebiotic
atmosphere was not reducing as in the Urey-Miller experiment simulating it.

Clays are good candidates for the key structures in prebiotic evolution since they can replicate.
One can even speculate with an analog of genetic code. Phyllosilicates containing -O-H groups
are especially interesting: they can adsorb basic biomolecules and induce their polymerization
to oligomers. They also induce a formation of vesicles formed from lipid bilayer and serving as
a candidate for a predecessor of cell. DNA is the problem and has led to a scenario known as
RNA world. Phyllosilicates are also known to generate radiation with positive health effects. The
natural and testable hypothesis is that the presence of EZs allows to circumvent the difficulties
of the standard RNA world scenario and also generate DNA and biologically active phosphates
containing the mysterious phosphate bond as ionized dark proton. The dark magnetic flux tubes
and UV photon energy needed to generate EZs could be provided by gel in Pollacks’s experiments
and by electric discharges in Urey-Miller experiment. Also dark photons from the formation of
dark nuclei decaying to bunches of bio-photons can be considered. Water chlathrates can contain
atoms and even micrometer sized phyllosilicate crystals, which could catalyze the formation of
biomolecules at their surfaces as dark nuclear fusion chain reaction. Chlathrate could also develop
phospholipid bilayer around it - kind of primitive cell membrane.

TGD inspired proposal for prebiotic evolution was inspired by the TGD based realization of
Expanding Earth hypothesis and assumes that life evolved in underground oceans and burst on
the surface of Earth in Cambrian explosion. This view leads to a more precise view about prebiotic
evolution.

Possible technological implications of this picture - if true - are quite impressive. Cold biofusion
could make possible artificial generation of technologically important elements and the mechanism
generating EZs could make possible creation of artificial intelligent life forms involving silicates
and water.

6.4 PART IV:TGD INSPIRED MODELS FOR GENETIC CODE

6.4.1 Three new physics realizations of the genetic code and the role of dark matter
in bio-systems

TGD inspired quantum biology leads naturally to the idea that several realizations of genetic
code exist. Besides the realizations based on temporal patterns of electromagnetic fields I have
considered three different new physics realizations of the genetic code based the notions of many-
sheeted space-time, magnetic body, and the hierarchy of Planck constants explaining dark matter
in TGD framework.

1. The first realization - proposed in the model for DNA as topological quantum computer (tqc)
- maps the nucleotides A,G and T,C to dark quarks u,d and their anti-quarks assignable to
the ends of magnetic flux tubes representing braid strands and connecting nucleotides to
lipids of cell membrane. This requires scaled up variant of QCD made possible the hierarchy
of Planck cosntants.

2. Second realization was discovered in the model of dark nuclei as strings of dark baryons.
Dark baryons realize codons in terms of quantum entanglement and without decomposition
to letters. Dark baryons are strings of 3 quarks connected by two color flux tubes. The neutral
states of the dark baryon predicted by the model are in 1-1 correspondence with DNA, RNA,
aminoacids. Candidates for the counterparts of tRNA anticodons are also obtained if one
accepts that genetic code actually decomposes to 2 steps 64→ 40→ 20 such that there are
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40 dark baryon counterparts for tRNA anticodons. The amazing finding is that vertebrate
genetic code comes out correctly.

3. The third realization would be a physical realization for the divisor code proposed by Khren-
nikov and Nilsson. The realization relies on two integers labeling magnetic flux tubes contain-
ing dark matter. The dark magnetic flux tubes assignable to DNA codons and amino-acids
could be labeled by these integers providing a representation of the genetic code consistent
with the divisor code. Also a physical mechanism implying the physical equivalence of the
dark baryon code and divisor code can be imagined.

4. Proposals for two further realizations are inspired by the observation that the number of
vertices of icosahedron is 12 - the number of notes in 12-note scale - and that of vertices is
20 - the number of amino-acids. This suggests a connection between music and genetic code.
The second model allows to “understand” the degeneracies of the genetic code in terms of
representations for discrete subgroups if icosahedral group and involves imbedding of 12-note
scale as a Hamiltonian cycle to icosahedron.

The basic proposal is that dark baryon counterparts of basic bio-molecules and genetic code
were present from beginning and gave rise to pre-biotic life at the magnetic flux tubes so that
the evolution of biological life meant the development of translation and transcription mechanisms
allowing to transform dark baryon variants of the codons to their chemical variants. These mech-
anisms would be still at work inside the living cell and allow the living matter to perform genetic
engineering. This proposal is consistent with recent findings about large variations of genomes
inside organism.

There is a strange experimental finding giving support for this picture. A water solution
containing human cells infected by bacteria is sterilized by a filtering procedure and healthy cells
are added to the filtrate. Within few weeks the infected cells re-appear. A possible explanation
is that dark baryon variant of the bacterial genome realized as nano-sized particles remains in the
solution despite the filtering. Another strong support comes from the exclusion zones and fourth
phase of water discovered by Pollack.

The codes are discussed from the point of view of DNA as tqc hypothesis and the model for
protein folding and bio-catalysis. The basic selection rules of bio-catalysis could be based on the
two integers assignable to the dark magnetic flux tubes. Only bio-molecules whose dark magnetic
bodies contain a layer characterized by same integers can be connected by dark magnetic flux
tubes. The reconnection of the dark magnetic flux tubes selecting the bio-molecules participating
the catalytic reaction and the contraction of these flux tubes induced by a phase transition reducing
Planck constant and forcing the bio-molecules near to each other would represent basic mechanisms
of bio-catalysis.

6.4.2 Homonymy of the genetic code from TGD point of view

Peter Gariaev and colleagues have applied the linguistic notions of synonymy and homonymy to
genetic code. Also the notion of syhomy fusing these concepts is introduced. Homonymy is visible
in mRNa-tRNA pairing and induced by the 1-to-many pairing of the third mRNA nucleotide with
tRNA nucleotide. The homonymy in mRNA-AA (AA for amino-acid) pairing is also present albeit
rare.

The codons for the standard code can be divided to two classes. For 32 codons the first two
letters fix AA completely. For the remaining 32 codons this is not the case. There is however
almost unbroken symmetry in that U and C resp. A and G code for the same AA. The breaking
of this symmetry is minimal appearing only for 3 4-columns of the code table and present for A-G
only. The deviations from the standard code as a rule break A-G or T-C symmetry or re-establish
it.

The notion of homonymy is highly interesting from TGD point of view. TGD leads to two
basic proposals for non-chemical realization of genetic code predicting the numbers of DNA codons
coding for given AA rather successfully. The first proposal relies on TGD based view about dark
matter as heff/h = n phases of ordinary matter and identifies counterparts of DNA, RNA, tNRA,
and AAs as entangled dark proton triplets.
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Second proposal emerged from the model of music-harmony based on fusion of icosahedral
and tetrahedral geometries. Codons are represented as photon triplets (dark or ordinary) defining
the allowed 3-chords of given harmony defined by Hamilton cycle at icosahedron extended to
Hamilton cycle to the fusion of icosahedron with tetrahedron along common face. Photon triplets
give rise to resonant coupling giving rise to physical pairing of biomolecule and its dark counterpart.
Remarkably, there are 3 different realizations of tRNA in terms of 3-chords. There is large number
of bio-harmonies corresponding to Hamiltonian cycles. Since music expresses and creates emotions,
the proposal is that a realization of emotions at molecular level adding additional degrees of freedom
not visible at the level of chemistry is in question. This might give rise to a context dependence of
the code.

The proposal is that genetic code at dark level extends to a sequence DDNA → DmRNA →
DtRNA → DAA of horizontal pairings analogous to projections is fundamental one. Codon-codon
pairings are realized via dark photon triplet resonance and mRNA-AA pairing by resonant coupling
to the sum fXY Z = f1 + f2 + f3 of 3-chord frequencies: the codons coding same AA would have
frequencies fXY Z differing only by a multiple of octave. One might perhaps say that AA sequence
defines melody and mRNA sequence the accompaniment.

There is context dependence and homonymies already in DmRNA-DtRNA pairing and due the
fact that DtRNA corresponds to a 2-harmony which is sub-harmony of 3-harmony and can be
chosen in 3 different manners. The vertical pairings DDNA→ DNA, DmRNA→ mRNA, etc. also
mediated by frequency couplings induce ordinary genetic code and horizontal pairings in DNA →
mRNA→ tRNA→ AA. DAA→ AA pairing dictates mRNA→ AA pairing and mRNA→ tRNA
homonymy does not matter and actually makes the translation safer by increasing the number of
tRNAs performing the same task.

The rather rare homonymies in DNA-AA pairing can be understood as accidental degeneracies.
AA couples resonantly to the sum fXY Z = f1 + f2 + f2 of frequencies associated with codon XYZ
and it can occur that the sum frequencies can be identical for two codons.

6.4.3 About the Correspondence of Dark Nuclear Genetic Code and Ordinary Ge-
netic Code

The basic problem in the understanding of the prebiotic evolution is how DNA, RNA, amino-
acids and tRNA and perhaps even cell membrane and microtubules . The individual nucleotides
and amino-acids emerge without the help of enzymes or ribozymes but the mystery is how their
polymers emerged. If the dark variants of these molecules served as templates for their generation
one avoids this hen-and-egg problem. The problem how just the biomolecules were picked up
from a huge variety of candidates allowed by chemistry could be solved by the resonance condition
making possible metabolic energy transfer between biomolecules and dark nuclei.

Simple scaling argument shows that the assumption that ordinary genetic code corresponds to
heff/h = n = 218 and therefore to the p-adic length scale L(141) ' .3 nm corresponding to the
distance between DNA and RNA bases predicts that the scale of dark nuclear excitation energies is
.5 eV, the nominal value of metabolic energy quantum. This extends and modifies the vision about
how prebiotic evolution led via RNA era to the recent biology. Unidentified infrared bands (UIBs)
from interstellar space identified in terms of transition energies of dark nuclear physics support
this vision and one can compre it to PAH world hypothesis.

p-Adic length scale hypothesis and thermodynamical considerations lead to ask whether cell
membrane and microtubules could correspond to 2-D analogs of RNA strands associated with dark
RNA codons forming lattice like structures. Thermal constraints allow cell membrane of thickness
about 5 nm as a realization of k = 149 level with n = 222 in terms of lipids as analogs of RNA
codons. Metabolic energy quantum is predicted to be .04 eV, which corresponds to membrane
potential. The thickness of neuronal membrane in the range 8-10 nm and could correspond to
k = 151 and n = 223 in accordance with the idea that it corresponds to higher level in the cellular
evolution reflecting that of dark nuclear physics. The energy quantum of ordinary Josephson
radiation is below the thermal energy for photons but the notion of generalized Josephson junction
saves the situation. For massive particles associated with flux tubes the thermal energy T/2 is
below the potential energy defined by action potential and that of metabolic energy quantum.

Also microtubules could correspond to k = 151 realization for which metabolic energy quantum
is .02 eV slightly below thermal energy at room temperature: this could relate to the inherent
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instability of microtubules. Also a proposal for how microtubules could realize genetic code with
the 2 conformations of tubulin dimers and 32 charges associated with ATP and ADP accompanying
the dimer thus realizing the analogs of 64 analogs of RNA codons is made.

6.4.4 An Overall View about Models of Genetic Code and Bio-harmony

7 Introduction

During last years kind of brain storming period has occurred in the model of bio-harmony [L2].
A lot of ideas, some of them doomed to be short lived, have emerged, and it seems that now it
its time for a thorough cleanup and integration with the general ideas of TGD inspired quantum
biology.

TGD leads to 3 basic realizations of genetic code: this is now relatively well established part
of TGD inspired quantum biology. One can also consider 3 realization also for bio-harmony. The
question is which of them is the realistic one or whether several options can be considered.

7.1 3 basic realizations of the genetic code

In TGD Universe there are at least 3 realizations of the genetic code.
Besides biochemical realization one has a realization in terms of dark nuclei realized as dark

proton sequences and possibly in terms of more general sequences involving effective dark neutrons.
The states of 3 dark protons defining the dark codon have multiplet decomposition 64 + 64+ 40
+ 20 corresponding to dark variants of DNA, RNA, tRNA, and amino-acids (AA). I will denote
these dark variants by DDNA, DRNA, DtRNA, and DAA.

If one allows also dark analogs of neutrons by allowing negatively charged color bonds between
protons, the number of code letters doubles: this could relate to the recently constructed Hachimoji
DNA [?] (see http://tinyurl.com/y2mcjb4r) discussed from TGD viewpoint in [L12].

Dark photon 3-chords assignable to the realization of bio-harmony with the note scale identified
as Hamilton cycle on a polytope with triangular faces gives a third realization coupling dark and
ordinary representations together. I have proposed 3 realizations in terms of icosahedral and
tetrahedral [L2], icosahedral and toric [L6], and icosahedral and dodecahedral [L12] geometries
(for the latter 5-chords would effectively reduce to 3-chords).

If there is DDNA-DNA, DRNA-RNA, DAA-AA pairing, the negative charges of DNA, RNA,
and tRNA nucleotides finds explanation in terms of positive charge of dark proton sequence. For
AAs the situation is not clear since the charge per unit length for amino-acids varies and depends
on pH. DAA-AA pairing would require that dark analogs of neutrons are present in the dark proton
sequence.

7.2 3 models of bioharmony

There are now 3 models of bioharmony [L2, L6, L12] making very similar pedictions. Harmony for
given graph is defined as a Hamiltonian cycle connecting neighboring points and going through all
points of the graph without self-intersections. Scale is identified by assigning notes to the vertices
and faces correspond to the chords of the harmony obtained in this manner. Bio-harmonies are
fusions of 3 or 4 sub-harmonies.

1. The original proposal - icosa-tetrahedral bio-harmony - is based on the fusion of 3 icosahedral
harmonies with symmetry groups Z6, Z4 and Z2 permuting the triangles of given orbit of
Zn. Given icosahedral harmony corresponds to an imbedding of 12-note scale as a Hamilton
cycle at icosahedron. The 12 vertices of icosahedron are identified as the notes of 12-note
scale and 20 triangular faces define the 3-chords of the harmony.

The distance between nearest vertices is assumed to correspond to quint that is scaling of
the frequency by 3/2. Each cycle defines a collection of 20 3-chords defining an icosahedral
harmony. Octave equivalence is used to map the 12 frequencies obtained to single octave.
There is however a slight inconsistency since 12 quints corresponds to slightly more than 7
octaves as already Pythagoras realized. The addition of tetrahedron to icosahedral harmony

http://tinyurl.com/y2mcjb4r
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is interpreted as an addition of one vertex adding one note which should be very near to one
of the 12 notes.

Icosahedral harmonies are characterized by a symmetry group Zn, n = 6, 4, 2, 1, n = 1
corresponds to chaotic cycles, which might serve as correlate for dis-harmony and might
relate to the correlates of emotions: at the level of genetic code is AA would be coded by
single DNA codon.

Icosahedron decomposes to orbits of Zn consisting of triangles or equivalently chords. The
chords can be classified further by the frequency ratios correlating with the emotional effect.
One has the orbits 3× 6 + 2 = 20 for Z6, 5× 4 = 20 for Z4 and 10× 2 for Z2. Z6 harmony
is unique but there are 3 Z4 and even more Z2 harmonies for which Z2 can correspond to
rotation by π or reflection. This can be understood as breaking of symmetry splitting the Z6

orbits to pieces. This gives 60 = 2 + 20 + 20 3-chords. The numbers of chords at give orbit
rather neatly correspond the numbers of DNA codons coding for given AA.

4 chords and DNAs and AAs are however missing. Tetrahedral harmony would add 3+1 = 4
chords: Z3 would the symmetry group instead of Z4. This would be due to the symmetry
breaking due to gluing of one-tetrahedral face with icosahedral face, which is however counted
as separate face and corresponds to 1-triangle orbit under Z3 permuting its vertices. This
gives 64 3-chords corresponding to codons of genetic code.

3 + 1 decomposition would naturally correspond to (ile, ile, ile,met) 4-plet coded by codons
AUX. The numbers of codons coding given AA identified as orbit of Zn come out almost
correctly. The only exception is trp-stop doublet for which doublet decomposes to stop and
singlet. One must understand the reason for this symmetry breaking - it might just the need
to have stop codon and this could be arranged if there is no tRNA coupling to this codon.
Note that for some code variants stop codon UAG corresponds to Pyl and UGA to Sec.

Since music generates and expresses emotions, the interpretation would be in terms of moods.
Even molecules would have moods.

2. Also icosa-dodecahedral and icosahedral-toric harmonies contain the Z6 and Z4 icosahedral
harmonies (201 and 202) so that one must only add the missing 10 doublets and 3+1 codons
assigned to tetrahedron in icosa-tetrahedral case.

The dodecahedral harmony with 6 chords arranged in doublets is unique from the uniqueness
of the Hamiltonian cycle [L12]. The icosa-dodecahedral harmony would give 201+202+121+
122 = 64. 12 decomposes into 6 Z2 doublets so that one has 12 doublets. The realization of
scale for dodecahedral harmony would in 20 powers of rational scaling x such that x20 is as
near to a power of two as possible [L12]. x = 21/20 would correspond to the Eastern variant
of well-tempered scale.

There are objections against icosa-dodecahedral harmony. Chords are 5-chords rather than 3-
chords. The 5-chords of dodecahedral harmony however turn out to be equivalent to 3-chords
as far as information content is considered [L12]. The number of vertices for dodecahedron is
20, not 12, but one could argue that dodecahedron corresponds to Eastern harmony having
micro-intervals. Two copies of the dodecahedral harmony are needed. What could distinguish
between these copies will be discussed later. Also 3+1 is missing.

3. The icosahedral-toric harmony [L6] decomposes as 201 + 202 + 24 = 64 involving torus with
24 triangles and 12 vertices. Toric harmony has Z24 as isometries and gives 12 doublets. One
could argue that the fusion of icosahedral and toric harmonies is geometrically un-natural.
One must be however cautious if the geometric realization is in extension of rationals. Also
now 3+1 is missing.

The considerations in the sequel suggests that the icosa-tetrahedral option is the most realistic
if not unique.
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7.3 About the geometric interpretation of icosahedral and other sym-
metries

The geometric interpretation of icosahedral and possible other geometries is a challenge. The
60-element group A5 of rotations - alternating group of 5-letters - acts as orientation preserving
isometries of icosahedron.

1. Since Galois group is central in adelic physics, and all finite groups can appear as Galois
groups, one can ask whether icosahedral group and tetrahedral groups could act as Galois
group for some extension of rationals relevant for biology. Going to web gives an affirmative
answer [A9] (see http://tinyurl.com/y4qsea6h)! Icosahedral symmetry appears as Galois
group of the general quintic equation! The lowest order polynomial equation not allowing
closed expressions for the roots.

Galois theory (see http://tinyurl.com/y6e955ke) allows to understand the situation in
terms of the discriminant defined as product D =

∏
i<j(ri − rj)2, where ri are the roots of

the irreducible polynomial considered. Sn is the symmetry group in the generic case and
odd permutations of Sn change the sign of D. If D is square of rational number in the
field K considered (which can be also extension of rationals now), Galois group reduces to
alternating group A5.

Remark: For octahedron and its dual cube the group is S4 and can be realized as Galois
group of 4th order polynomials. For tetrahedron the group is A4 and can be also realized as
Galois group of 4th order polynomials for which discriminant is square in K.

2. Icosahedral and dodecahedral geometries having the same isometry group are common in
biology, and one can wonder whether there could be a gometric realization - perhaps at the
level of magnetic body. This might somehow relate also to the frequent appearance of Golden
mean involving

√
5 in biology and Golden angle rated to the fifth root of unity.

3. M8 −H duality provides besides the usual formulation of TGD also a formulation in com-
plexified M8 identified as complexified octonions [L4]. The associativity of the tangent or
normal space of space-time surface is assumed as a dynamical principle and implies quater-
nionicity. Quaternions have SO(3) as automorphism group analogous to Galois group and
have the finite isometry groups of Platonic solids as finite subgroups.

Could quaternionicity give a connection with the geometric picture? In adelic physics dis-
cretizations of space-time points as points with coordinates in the extension of rationals are
in central role. Could discretizations contain orbits of the Platonic isometries as quaternionic
Galois groups? This could also give to the geometric picture although icosahedral symmetries
are not obvious in the geometry of say DNA.

4. Is the genetic code really unique as its dark nucleus realization and the fact that the isometry
groups of Platonic solids are finite subgroups of quaternionic isomorphisms suggests? Could
any Galois group give rise to an analog of bioharmony and of genetic code? Could the recent
genetic code correspond to a first step in the process going beyond the solvable polynomial
equations?

What about toric code? The group of toric isometries is Z24 and 24 is one of the magic
number of mathematics, and dimension 24 is crucial in bosonic string model. Could Z24

correspond to the Galois group for 24:th roots of unity defining 24-D algebraic extension of
rationals. We cannot sensorily imagine higher dimensions but can do this cognitively. I have
proposed that the ability to imagine higher dimensions could be due to the possibility of
higher-dimensional extensions of rationals and p-adics.

Could one realize the icosahedron and 24-torus as imagined object in the algebraic extension
of rationals? Could the n-dimensional discrete geometric objects assignable to n-dimensional
extensions of rationals have quite generally this kind of representations as a generalized
Platonic solid in algebraic extension. Could they define cognitive harmonies as Hamiltonian
cycles? Could one imagine also cognitive variant of genetic code whereas as sensory/biological
variant of genetic code would be forced by dark proton physics?

http://tinyurl.com/y4qsea6h
http://tinyurl.com/y6e955ke
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7.4 Mistracks

In the attempts to understand the connection with standard realization of the genetic code I have
also considered the possibility that the frequencies of 3-chord might be mapped to their sum in
the interactions. This possibility was considered in the model of homonymy [L8]. In the light of
afterwisdom this proposal looks ad hoc.

Also a proposal for how 12-note scale could quite concretely correspond DNA codons was
discussed [L9]. The idea was to assign notes with individual letters of the codon such that the note
depends on the position of the letter whereas the model of harmony assignment the chord to the
entire codon represented as entangled state of 3 dark protons. It is now clear this proposal very
probably cannot realize all possible harmonies and is in conflict with the general model which as
such fixes the correspondence between chords and codons without any additional assumptions.

8 Interactions between various levels

One challenge is to understand how the various realizations of the genetic code interact with each
other. There are DX-DY interactions, DX-Y interactions and X-Y interactions and in living matter
they should occur in long length scales so that they should be mediated by dark photons.

1. How dark photon triplets assumed to be generated by dark nucleon sequences interact with
ordinary DNA? Here one can bring in rather stable ideas of TGD inspired view about quan-
tum biology. Dark matter in TGD sense represents long length scale quantum coherence
and bio-chemistry short scale coherence. The interaction is therefore between long and short
scales.

2. There are two manners to interact: frequency resonance and energy resonance. Frequency
resonance mediates long length scale interactions and if DX-X pairing exists, the exchange
of dark photon triplets - 3-chords - allows long range DX-DY interactions. DX-X interaction
by energy resonance is short range interaction so that X-(DX-DY)-Y interaction would give
rise to long range interaction between X-Y as interaction induced by dark level (MB).

3. DX-X interaction involves energy resonance and transformation of dark photons to ordinary
photons with the same energy. Bio-photons would be an outcome of the transition heff → h.
Also the reversal of this transition and more general transitions heff,1 → heff,2 are of course
possible.

Bio-photons have a universal energy spectrum corresponding to molecular and atomic tran-
sition energies. This is possible if they result from dark cyclotron photons if the condition
heff = hgr = GMm/v0 introduced originally by Nottale and implying that the cyclotron
energy does not depend on the mass of the charged particle producing the dark cyclotron
photons.

8.1 The independence of the interaction energy on frequency

Dark matter as a hierarchy phases labelled by heff/h0 = n identifiable as a dimension of extension
of rationals implies evolutionary hierarchy: n serves as a kind of IQ. This strongly suggests that
ordinary matter is controlled by dark matter at MB and mimics its behavior.

Evolution would not proceed by change and necessity but would be a process controlled and
guided by MB. MB would be an active intentional agent guiding the evolution. Situation in biology
would be much like that in modern technological society where intentional technical progress leads
to more and more refined products. How could this be realized at the level of basic bio-molecules?
One should also understand how genetic code evolves gradually to a more refined form.

1. The selection of basic bio-molecules having energy resonance with their dark variants medi-
ated by dark photon 3-chords by change would be extremely in-effective process. MB should
have mechanisms of tuning the energies of dark photons to achieve energy resonance.

This is achieved if the value of heff at the flux tubes mediating the interaction can be
controlled. Since the length of flux tube is proportional to the heff by Uncertainty Principle,
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the variation of heff would mean variation of the length L of the flux tube: a kind of motor
action of MB. Cyclotron frequencies are proportional to the value of monopole magnetic field
B at flux tube and by flux quantization one has B ∝ 1/S, S the area of flux tube cross section
(which for monopole flux tubes is closed 2-surface). The variation of the thickness/area of
the flux tube, second motor action of MB, would allow to vary cyclotron frequencies.

2. The ideal situation concerning the coupling to ordinary matter would be that same chemical
transition with fixed energy for given molecule could couple to several frequencies. This
would be achieved if the cyclotron energy is constant.

The condition that the cyclotron energies in a coupling to a given molecule do not depend on
the frequency requires that heff,i at flux tube i compensates this dependence. MB can vary
the value of B to vary frequencies and the value of heff,i to keep energy unaffected. The areas
S and length L of flux tubes are varied so that the volume remains unaffected. B ∝ 1/S and
L ∝ heff by Uncertainty Principle. Ec ∝ ~effB = constant implies that L/S is constant.
S increases like S → x2S and L → x2L in the scaling changing fc → fc/x

2. The magnetic
energy Emagn = B2SL ∝ L/S of the flux tube is not changed. Kind of energy criticality
would be in question - one would have a large number of flux tube configurations with the
same energy and volume ideal for control purposes. Quantum criticality is actually basic
dynamical principle of quantum TGD allowing to predict the spectrum of various coupling
parameters.

3. Besides cyclotron frequences Josephson energies are central in TGD based model of nerve
pulse and EEG. Josephson energy EJ = ZeV and cyclotron frequency fc = ZeB/m do not
depend on heff . An attractive possibility is that cyclotron photons couple to Josephson
junctions meaning that they become Josephson photons and then transform to ordinary
photons inducing molecular transitions.

4. In the case of bio-harmony the frequencies would be rational multiples of basic frequency
and by separating common numerator they are certain integer multiples fi = nif0 of a basic
frequency f0. The integers ni have decomposition to products of powers of certain primes:
ni =

∏
pki
i and each of pi appears as some maximal power ki,max. If one has n =

∏
i p

ki,maxn0
one can obtain heff,i = heff/ni. In this manner one would obtain the desired independence
of Ec,i on fi. For Pythagorean scale only primes p = 2 and p = 3 would be involved.

All codons coding for given AA could have same coupling energy. Unless the values of Planck
constants and frequencies associated with flux tubes coupling to given codon are fixed, one could
have same transition energy for all letters but this is an unrealistic condition. Transition energies
are naturally different and can code for letters if not even codons. For this option only the correct
combination of frequencies and values of heff,i allows resonant coupling.

The 3-chords associated with different harmonies would naturally correspond to the same en-
ergy. The physics of emotions would not be directly visible at the level of chemistry: chemist would
certainly agree with this. The values of Planck constants would characterize the frequencies: I have
indeed speculated that nucleotides could be labelled by values of heff . Number theory would be
essential for the understanding life at the level of genes: Galois groups would characterize the
nucleotides. Galois groups code for complexity at the level of dark matter so that the behavior
guided by the MB of molecule would depend on the IQ = n = heff/h0 of MB.

8.2 The independence of cyclotron energy on frequency and Nottale
hypothesis

Is the independence of interaction energy on frequencies consistent with hgr = GMm/v0 hypothesis
[E1] [K20, K35, K38]? Here one might encounter difficulties. The division by ni should change
one of the parameters appearing in the formula. The interpretation has been m corresponds to
the dark proton mass at the end of the flux tube connecting it to large mass M . If so m cannot
be varied.

Could M be varied?

1. The parameter v0 ' 2−11 can be varied by powers of two, which do not affect the notes
identified by octave equivalence.
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2. Could M correspond to atomic or molecular mass in good approximation equal to sum of
atomic numbers A of atoms involved? The divisors of the total atomic number Atot would
define the allowed integers ni characterizing the frequencies of Pythagorean scale in the model
of bio-harmony. One must have hgr/h > 1 with requires M > ~/Gm = 1.3× 1019mpv0. For
v0 = 2−11 this corresponds to M > ~/Gm = 6 × 1015mp. The scale of a water blob with
A = 20 containing this number of protons is about 70 µ, which is of order cell size. One
can wonder how Atot could be kept as divisible by ni characterizing the frequencies of the
Pythagorean scale. The problem is that an addition of one proton spoils the divisibility
conditions completely.

3. The solution of the problem could be based on a more precise view about heff [L11]. The
understanding of the variation of Newton’s constant - too large to be due to experimental
errors - led to the realization of the meaning of the fact that space-time surfaces can be
regarded simultaneously coverings of n2-fold M4 and n1 fold CP2 and that one has n = n1n2
in heff/h0 = n and n1 would have interpretation as the number of flux tubes which are
parallel in M4 and can be even disjoint. This would give hgr ∝ n1 and the factors of n1
should correspond to the integers characterizing the notes of the 12-note scale. One could
perhaps say that effectively single proton is replaced with n1 protons located at different flux
tubes so that also proton mass becomes n1m. One would have effectively a Bose-Einstein
condensate like state of n1 protons (at different flux tubes).

4. In the Pythagorean representation of octave the notes correspond to powers (3/2)k, k =
0, 1, ..., 11, if 3/2)12 ' 27 is not included. The corresponding integers are 3k211−k. Only
powers of primes p = 2 and p = 3 are involved and one just have n1 ∝ 311211. If one
increases the number of octaves involved to 14 to get a representation for chords needed to
avoid the mapping of two dark codons to same 3-chords, one must have n ∝ 323223 = 623.
One can consider also simpler representations using integers expressible in terms of powers
of primes p = 2, 3, 5 but one must give up exact quint cycle in this case. Interestingly, a good
guess for the standard value h of heff is as h = 6h0 [L3, L7].

5. Small p-adic primes p = 2, p = 3 and perhaps also p = 5 (Golden Mean) are expected to be
of special importance in TGD inspired biology [K13]. p = 2 seems to appear everywhere and
there is also support for p = 3 in biology [?, ?] (see http://tinyurl.com/ycesc5mq): great
evolutionary leaps seem to correspond to time scales coming in powers of 3.

6. The branching of the flux tube bundle to ni sub-bundles Ni = n/ni could correspond to the
reduction heff → heff/ni. This could be seen as reduction of heff . One can also consider
phase transitions reducing n to n/ni.

9 Homonymy of the genetic code

In the following I will discuss briefly the basic facts about genetic code at Wikipedia level with
emphasis on the poorly understood aspects of the code. There are two interesting phenomena:
synonymy and homonymy. Synonymy means several names for AA or tRNA codon so that that
several RNAs are mapped to the sama AA or tRNA codon: the understanding of the genetic code
is the understanding of synonymy.

Homonymy means that the same RNA codon can correspond to several tRNAs or even AAs. A
general TGD based view about homonymy differing from that discussed in [L8] based on the recent
understanding of the interaction between various representations of the genetic code is described
below.

9.1 Variations of the genetic code

There exists also as many as 31 genetic codes (see http://tinyurl.com/ydeeyhjl) and an in-
teresting question is whether this relates to the context dependence. Mitochondrial codes dif-
fers from the nuclear code and there are several of them. The codes for viruses, prokaryotes,
mitochondria and chloroplasts deviate from the standard code. As a rule, the non-standard

http://tinyurl.com/ycesc5mq
http://tinyurl.com/ydeeyhjl
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codes break U-C or A-G symmetries for the third code letter. Some examples are in order (see
http://tinyurl.com/puw82x8).

1. UUU can code Leu instead of Phe and CUG can code Ser rather than Leu. In bacteria the
GUG and UUG coding for Val and Leu normally can serve as Start codons.

2. UGA can code to Trp rather than Stop: in this case the broken symmetry is restored since
also UGG codes for Trp.

3. There is variation even in human mitochondrial code (see http://tinyurl.com/puw82x8).
In 2016, researchers studying the translation of malate dehydrogenase found that in about
4 per cent of the mRNAs encoding this enzyme the UAG Stop codon is naturally used to
encode the AAs Trp and Arg. This phenomenon is known as Stop codon readthrough (see
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5133446/).

4. There is also a variant of genetic code in which there are 21st and 22nd AAs Sec and Pyl
coded by Stop codons. UGA can code for Sec and Stop in the same organism. UAG can
code for Pyl instead of Stop and introduces additional breaking of A-G symmetry for the
third letter (UAA to Stop and UAG to Pyl).

9.2 Wobble base pairing

Wobble base pairing (see http://tinyurl.com/y73se8vs) emerges from the observation that the
number of tRNAs pairing with mRNAs is smaller than 45 and considerably smaller than that of
mRNAs. The needed minimum number of tRNAs is 32. Therefore the RNA-tRNA pairing cannot
be 1-1 and some mRNA codons must correspond to several tRNA codons.

Remark: One could ask whether mRNAs code for tRNAs just like DNAs code for AAs.
Homonymy for mRNA-tRNA pairing implies that the pairing can be many-to-1 only in given
context.

1. According to the standard code, the first two bases of mRNA codon corresponds to two last
bases of tRNA anti-codon and obey standard code. Wobble base pairing hypothesis applies
to the pairing of the 3rd mRNA base to the 1st base in tRNA anticodon. At the level of
chemistry the hypothesis is that the position of the first tRNA anticodon base pairing with
the third mRNA base is variable and allows it to pair with several bases appearing as 3rd
base in mRNA. This homonymy would be due to “wobbling” of the position of the first tRNA
anticodon.

2. In the original model for wobble base pairing tRNA bases contain besides standard A, C,
G, U also inosine I as a modification of G obtained by dropping NH2 from the 6-cycle of
G. It has turned out that there are actually variants of C and 5 variants of U (see http:

//tinyurl.com/y73se8vs). The large amount of homonymy for tRNAs forces to ask whether
chemistry alone really dictates the genetic code.

3. The first tRNA letter is assumed to be spatially wobbling so that the association of tRNA
with RNA is not unique and mRNA-tRNA pairing involves both synonymy and homonymy
as the two tables for the pairing of the 1st 5’ anticodon base of tRNA and 3rd 3’ codon
base of mRNA show. In the second column bold letters for mRN bases allow to read the
standard pairing with tRNA codons in the first column and non-bold letters allow to deduce
the non-standard behavior.

4. The first table (see http://tinyurl.com/y73se8vs) represents the original Watson-Crick
proposal.

(a) The pairings of the 3rd letter of mRNA codon to the 1st letter of tRNA anti-codon are
following.

• U → G.

• G → U

• {A, C or U} → I.

http://tinyurl.com/puw82x8
http://tinyurl.com/puw82x8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5133446/
http://tinyurl.com/y73se8vs
http://tinyurl.com/y73se8vs
http://tinyurl.com/y73se8vs
http://tinyurl.com/y73se8vs
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The 2nd and 3rd tRNA letters A and C are paired with the 1st and 2nd mRNA letters
in the canonical manner. There are only 3 tRNA letters, which implies that the number
of tRNAs is smaller than maximal.

(b) There is single 1-to-many pairing: U→ {G, I} giving rise to 2-fold homonymy.

5. Revised pairing rules (see http://tinyurl.com/y73se8vs) are more complex since the num-
ber of tRNA bases is larger (U has 5 variants and C has 2 variants). All mRNA letters have
1-to-many pairing. Even if one counts the variants of U as single U there is 4-fold homonymy
for U and homonymies for other codons. For A one has 9-fold homonymy.

These variations do not induce variation in DNA → AA pairing if the AA associated with the
homonyms of tRNA are identical. This seems to be the case almost always since the variation of
the genetic code is surprisingly small. This raises the question whether there is some mechanism
eliminating to high degree the expected effects of homonymy in mRNA→ tRNA pairing.

10 TGD view about homonymies

One should understand the homonymies of the genetic code [L8]. One can imagine homonymies
at the level of DDNA-3-chord and DRNA-3-chord correspondences and between RNA-AA and
RNA-tRNA correspondences.

10.1 Homonymies for DRNA-3-chord correspondence

It is possible that homonymies are present already at the dark photon level in the sense that the
sub-harmonies have common chords.

1. Are the icosahedral orbits for different symmetry groups Z6, Z4, Z2 disjoint? If they contain
common triangles, the outcome is homonymy for dark codons unless one can scale the 12-note
scales with respect to each other (different keys) to avoid common chords.

This question finds an answer from the tables of [L2] representing the chords. If the two scales
considered contain 3-chords with the same frequency ratios this can happen. Z6 harmony
contains chords of same type with whole note intervals: Cx, Dx, Ex, ..., x = m, 6, 9 coding
the frequency ratios as is done in popular music. If second harmony contains several types
such that they are not separated by a multiple of whole note interval, at least one common
chord is unavoidable also for shifted harmonies.

2. From the tables 1 and 2 of Appendix one finds that for Z6 and 2 Z4 harmonies this is indeed
the case and they have 2-chords involving 2 quints in common: 6-orbit and 4-orbit containing
x = 9 3-chords have 2 common chords. One has homonymy at dark level. If entire orbits
are mapped to the same AA there would be 8 AAs in the same multiplet. Some DDNA and
DRNA codons are mapped to the same 3-chord of dark photons. This problem is shared by
all 3 models of bio-harmony.

3. For the unique Z6 harmony and 3 Z2,rot (table 3 of Appendix) of harmonies common chords
can be avoided by shifting the latter harmonies by a half-note. The reason is that the chords
of same type are now separated by a multiple of whole note interval. For Z2,refl harmonics
(table 4 of Appendix) the chords of same type are separated by odd number of half-notes so
that common chords are unavoidable since 3-chords of the same type appear. There are also
common chords with Z4 harmony.

4. Z6 and Z2,rot harmonies possess no common chords by a shift by odd number of half notes.
Z4 and Z2,rot and Z4 and Z6 possess at least 2 common chords. Z2,refl possesses more
common chords with Z4 and Z6.

The fusion of Z6, Z4, and Z2,rot harmonies with 2 common chords between in Z6 ∩ Z4

Z4 ∩ Zr,rot seems seems to be best that one can achieve. This would give 1 × 2 × 3 = 6
harmonies altogether unless one obtains new harmonies by by relative shifts of the key.

How to solve the problem?

http://tinyurl.com/y73se8vs
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1. The above described homonymies involving 6-plets involve either 6-plet or 2-plet as second
multiplet so that these deviations cannot be due to homonymy at the level of DRNA-3-chord
correspondence.

2. Should one take seriously the puzzle that teased Pythagoras and led him to seriously consider
that the structure of the Universe based on rationals has serious flaw in it. 12 quints give
slightly more than 7 octaves: one has (3/2)12 = 129.746337890625 rather than (3/2)12 = 128
so that one obtains slightly more than octave under octave equivalence.

Why not represent notes as powers of algebraic number 21/12 and this is indeed done in
practice (in rational approximation of course) but very musical people notice the difference
and dislike this representation. There should be something deep in the representation of
the scsale in terms of rationals as TGD indeed predicts. Note that a strict resonance is not
required, it represents only the optimal situation.

3. Repeating the quint cycle gives slightly displaced chords: one can of course do this several
times [L12]. Could these slightly displaced chords represent DDNA and RNA codons as 3-
chords otherwise mapped to the same chords? This would also mean that the corresponding
DNAs and RNAs correspond to 3-chords with at least one note differing only slightly. This
kind of notes is shared by 5 chords in icosa-tetrahedral harmony. The addition of second
quite cycle means that the integers ni = 2k323−k characterize the notes of the 3-chords and
2k323−k and 2k+12311−k represent the nearby notes.

4. The minimal modification would replace only minimum number of notes in the problematic
chords with new ones. A stronger modification would replace the problematic chords with
displaced variants with notes in the second quint cycle. One could also do the same for all
chords and say that the number of codons for non-problematic dark codons is doubled.

One could also consider the doubling of each letter of the codon so that each chord would
be replaced with 8 almost copies except in the case of homonymic AAs. A non-homonymic
AA coded by n RNAs would be coded by 8n 3-chords. If the frequency differences are
small enough this is not seen at the level of transition energies of AAs: this must be the
case for non-homomymous AAs. For homonymous RNAs the energy differences must be
seen and remove the homonymy. This DRNA-3-chord homonymy would be analogous to the
RNA-tRNA homonymy.

5. One can consider the problem from a different perspective. For Hachimoji DNA [?] (see
http://tinyurl.com/y2mcjb4r) the number of DNA letters seem to double so that codon
is replaced with 8 codons. An explanation based on the Pythagorean dilemma was discussed
in [L12]. In the model it was however assumed that the doubling of dark DNA and DNA is
real being due to the possibility of having also negatively charged color bonds between dark
protons so that dark proton is effectively dark neutron (this might happen even in ordinary
nuclear physics in nuclear string model [K12]). The Pythagorean double covering of 3-chords
could describe the doubling of codons. The doubling would not occur for the codons for
which one has the homonymy - a prediction, which could be perhaps tested.

10.2 The map DRNA-DtRNA by 3-chords

The map 64 → 40 for DRNA-DtRNA inducing the corresponding map for RNA − tRNA is
not unique since there are many manners to reduces 64 to 40. Could this relate to tRNA-RNA
homonomy? Consider icosa-tetrahedral code 20+20+20+4 = (3×6+2)+(5×4)+(10×2)+(3+1)
as example.

1. Suppose Z2 is the divisor group (also Z4 and Z3 ⊂ Z6 can be considered) so that the orbit can
split to two and two tRNAs are associated with given amino-acid coded by n codons. At the
first step one can take 201 +202 +203 +4→ 201 +102 +103 +4 = 44. Also 101 +202 +103 +4
and 101 +102 +202 +4 can be considered. Since Zn has Z2 as subgroup, the simplest manner
to achieve 20k = 10k is to divide all orbits to 2 Z2 cosets. This can be carried out in 3
manners.

http://tinyurl.com/y2mcjb4r
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2. One must get rid of 4 tRNAs. This can be achieved in several manners. In 201 = 3× 6 + 2
one could have 6 + 2 → 3 + 1: there are 3 alternatives. In 202 = 5 × 4 one could have
5× 4→ 3× 4 + 2 + 2 (10 manners). In 203 = 10× 2 one can take two 2:s to 1 (45) manners.

3. Could all these maps be realized and could they correspond to different maps at the level
of dark codons? If the independence of resonances energies on frequencies is true with an
appropriate choice of heff,i, it would seem that in all these cases same chemical tRNA is
possible.

10.3 Homonymies for RNA-AA correspondence

There are two basic types of homonymies involving bio-molecules.

1. RNA-AA correspondence can vary somewhat and there are 31 variants of genetic code.
RNA-tRNA homonymies are common and wobble phenomenon could be regarded as as such
homonomy. This homony is poorly understood.

I made the first attempt to understand homonymies in [L8] but failed to realize one abso-
lutely essential feature. Despite RNA-tRNA homononmies there are practically no RNA-AA
homonymies. They might be completely absent for given genetic code. There must be a
simple explanation for this.

2. In TGD framework the genetic code is replaced with 3 codes. There is DRANA-DtRNA
code mapping 64 DRNA codons to 40 DtRNA codons and DtRNA − DAA code mapping
40 DtRNA codons to 20 DAAs. The composition of these codes gives DRNA-DAA code
inducing the RNA-AA code.

The highly non-trivial fact is that one has what mathematician would call commuting trian-
gle: RNA-tRNA-AA = RNA-AA for given code. All the homonymies of RNA-tRNA code
are possibly completely compensated for given RNA − AA code. This must have simple
explanation and once one has made this question, one also knows its answer in TGD frame-
work.

3. For Hamiltonian cycles the n(A) codons coding for given AA corresponds to orbit of a fixed
codon at the orbit having symmetry group Zn(A). Genetic code maps the codons at the orbit
to the AA corresponding to the orbit and replaces the symmetry group Zn with trivial group
Zn/Zn = Z1.

Remark: There are 6 chaotic icosahedral Hamiltonian cycles with symmetry group Z1 so that
therefore 20 amino-acids each coded by single codon. Could one interpret the 20 amino-acids
with the chaotic representation of chaotic icosahedral Hamiltonian cycle?

For RNA-tRNA correspondence similar process is possible. Now one replaces Zn/Zk where
k is factor of n.

Consider icosa-tetrahedral code as an example. k = 2 is simplest choice since it divides
n = 6, 4, 2 for icosahedral codes but not for tetrahedral code for which one has n = 3:
(ile, ile, ile,met) would naturally correspond to the 2 orbits under tetrahedral Z3. This
symmetry appears only for icosa-tetrahedral option. For other options one can explain it as
an outcome of symmetry breaking for doublets and (ile,ile) and symmetry broken (ile,met)
would have ile in common. This looks un-natural.

One can indeed construct 64 → 40 map for DRNA and DtRNA codons by replacing some
orbits with their Z2 cosets but this map is not completely unique. This is possible for all
code candidates, which all contain Z6 and Z4 symmetric icosahedral harmonies giving rise
to amino-acids corresponding to 3 6-orbits and one 2-orbit for Z6 symmetry and 5 4-orbits
with Z4 symmetry. The remaining orbits are 3-orbit and 1-orbit for tetrahedral symmetry
broken to Z3 and 2-plets for Z2 orbits.

There are are however codes for which RNA-AA correspondence is non-standard. As explained
above, the simultaneous replacement UUC-Leu → UUC-Phe and UUG-Leu → UUG-Ser can take
place. Also AUG-met → CUG-met and GUG-met → GUG-met can occur.
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A general explanation could be as follows. If the two homonymous amino-acids - Phe and Leu
and Leu and Ser in the first example and met and Leu and Val in the second example- have very
nearly same transition energy, and if the 3-chords correspond transition energies of AA irrespective
of frequencies, homonymy becomes possible.

This problem can be avoided if the tRNA pairing second AA with the RNA codon is not
present. Both options might be realized in the same organism. It could also happen that second
AA is so far from energy resonance that it is only rarely translated.

10.4 Homonymies for RNA-tRNA correspondence

Could the possibility of several harmonies/moods with different chords increase the number of
tRNA codons from the minimal value 40? Are these homonymies forced by necessity or do their
reflect freedom of MB to choose? Do dialects emerge already at the molecular level and do they
have some practical advantage?

1. Could the possibility of several moods demand more than the minimal number of tRNAs.
Harmonies correspond to different collections of triplets (n1, n2, n3) characterizing the chord.

It was however already noticed that the variation of the Planck constants heff → heff/ni
associated with the flux tubes can modify the cyclotron energies. This would mean that
the emotions are not directly seen at the level of molecular transitions as bio-chemist would
certainly argue. If energy resonance couples dark photons to ordinary matter it could be
possible to guarantee the coupling energy does not depend on the values of frequencies of the
3-chord at flux tubes. This would suggest that there is no motivation to increase the number
of tRNAs for the lack of required resonance energies.

2. Could a large number of tRNAs as mediators of RNA-AA pairing be something chosen
intentionally by MB rather than being forced by chemical limitations. Could surplus of
different tRNAs be a safer option when some tRNAs are not produced. In natural languages
there is large number of dialects and new are born all the time.

No hard-wired correspondence would exist at chemical level. MB would be to some degree
creative and able to build tRNAs from the stuff that it happens to find from the lab! Biology
could be creative already at RNA-tRNA level and this flexibility could emerge from the in-
telligence coded by heff = n: the larger the number of factors of n the higher the intelligence
of the system would be.

This flexibility might also explain the homonymy at RNA-AA level and different genetic
codes as a formation of dialects.

11 About the details of the genetic code based on bio-
harmony

TGD suggests several realizations of music harmonies in terms of Hamiltonian cycles representing
the notes of music scale, most naturally 12-note scale represented as vertices of the graph used. The
most plausible realization of the harmony is as icosahedral harmony [L2] (see http://tinyurl.

com/yad4tqwl and http://tinyurl.com/yyjpm25r).

1. Icosahedron (see http://tinyurl.com/l5sphzz) has 12 vertices and Hamiltonian cycle as
a representation of 12-note scale would go through all vertices such that two nearest ver-
tices along the cycle would differ by quint (frequency scaling by factor 3/2 modulo octave
equivalene). Icosahedron allows a large number of inequivalent Hamiltonian cycles and thus
harmonies characterized by the subgroup of icosahedral group leaving the cycle invariant.
This group can be Z6, Z4, or Z2 which acts either as reflection group or corresponds to a
rotation by π.

2. The fusion of 3 icosahedral harmonies with symmetry groups Z6, Z4 and Z2 gives 20+20+20=60
3-chords and 3+1 + 5 + 10 =19 orbits of these under symmetry group and almost verte-
brate genetic code when 3-chords are identified as analogs of DNA codons and their orbits as

http://tinyurl.com/yad4tqwl
http://tinyurl.com/yad4tqwl
http://tinyurl.com/yyjpm25r
http://tinyurl.com/l5sphzz
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amino-acids. One obtains counterparts of 60 DNA codons and 3+1 + 5 + 10 =19 amino-acids
so that 4 DNA codons and 1 amino-acid are missing.

3. The problem disappears if one adds tetrahedral harmony with 4 codons as faces of tetrahedron
and 1 amino-acid as the orbit of the face of tetrahedron. One obtains 64 analogs of DNA
codons and 20 analogs of amino-acids. I call this harmony bio-harmony. The predicted
number of DNA codons coding for given amino-acid is the number of triangles at the orbit
of given triangle and the numbers are those for genetic code.

4. How to realize the fusion of harmonies? Perhaps the simplest realization that I have found
hitherto is based on union of tetrahedron of 3 icosahedrons obtained by gluing tetrahedron
to icosahedron along its face which is triangle. The precise geometric interpretation of this
realization has been however missing and I have considered several variants. I have proposed
that the model could explain the two additional amino-acids Pyl and Sec appearing in Nature.

There is also a slight breaking of symmetries: ile 4-plet breaks into ile triplet and met singlet
and trp double breaks into stop and trp also leu 4-plet can break in leu triplet and ser singlet
(see http://tinyurl.com/puw82x8). This symmetry breaking should be understood.

11.1 Why 3 icosahedral harmonies and 1 tetrahedral harmony?

The following argument suggests a more detailed solution of these problems than proposed earlier.

1. The copies of icosahedron would differ by a rotation by multiples of 2π/3 (Z3) around axis
through the common triangular face. This face unlike the other faces remains un-affected.
Also tetrahedron remains un-affected so that it is counted only once.

If the 3 copies of the icosahedral common face are counted as separate (this is important!),
one obtains 20+20+20 faces from icosahedron. If also tetrahedral shared faces is counted as
separate, tetrahedron gives 4 faces: 64 codons altogether as required. One obtains 19 orbits
from the 3 icosahedra and 1 orbit from tetrahedron: 20 orbits as counterparts of amino-acids
altogether.

2. But can one really counter the 4 common faces as separate? One must do so. Could these
faces be interpreted as somehow special codons? Maybe as stop codons or start codons for
the vertebrate genetic code which also corresponds to the realization of DNA, RNA ,tRNA,
and amino-acids as dark proton triplets so that DNA sequences would correspond to dark
proton sequences. Could the shared codons be assigned with various modifications of the
vertebrate code involving also exotic amino-acids Pyl and Sec.

3. Consider first the tetrahedral face. If the common face is removed from the 4-face orbit
of tetrahedron, the orbit has only 3 faces and correspond to an amino-acid coded by 3
DNA codons. ile is the only such amino-acid and the interpretation could be that one ile
corresponds to the 3 tetrahedral faces and met acting as start codon to the fourth shared
face.

4. Also 3 icosahedral amino-acids corresponding to orbits containing the shared face can lose 1
codon each. To nake this more concrete, one can look for the deviations from the vertebrate
code.

(a) There are 10 doublets if the doublet UAA, UAG acting as stop codons is counted as
doublet coding for stop regarded formally as amino-acid.

(b) The second member in the doublet UGA, UGG coding for tyr in code table could
correspond to a common face and act as a stop codon.

(c) For the modifications of genetic code UAG coding for stop can code for Pyl and UGA
coding for stop can also code for Sec. UGA can also code for trp so that there would not
be any symmetry breaking in this case. Could UAG and UGA correspond to common
faces for two icosahedra?

http://tinyurl.com/puw82x8
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(d) There is also third icosahedral shared face. CUG coding for leu can also code for ser.
Could this correspond to the third exceptional codon associated with the icosahedral
part of the code?

5. If the answers to the questions are affirmative, all basic deviations from the vertebrate code
can be understood. The translation of the codons associated with shared face would be
unstable for some reason.

(a) 3-chord representation is more fundamental than the chemical one. This could mean
that the chords associated with the shared faces are very near to each other so that the
correspondence between 3-chord representation and chemical representation of codons
becomes unstable if based on triple resonance.

(b) The proposal has indeed been that the 13th vertex implied by tetrahedron corresponds
to a note very near to one of the notes of 12-note scale - this note is necessary since the
12-note scale defined by quints gives 12th note slightly more than octave under octave
equivalence as discovered already by Pythagoras.

If this picture is correct, the symmetry breaking of the genetic code would be due to the
presence of the face common to icosahedron and tetrahedron and reflect the problem
discovered already by Pythagoras. The rational number based Pythagorean scale defined
by quints is special: people with absolute pitch prefer it over the well-tempered scale
involving powers of irrational number 21/12 requiring extension of rationals.

11.2 Could stop codons correspond to dissonant 3-chords?

One can approach the situation also from the point of view of harmony - or rather, dis-harmony:
could dissonance 3-chords act as stop codons. The 3-chords of icosahedral harmonies can be
classified to three groups depending on whether the triangle representing the chord contains 0, 1,
or 2 sides [L2]: in in other words, whether the chord contains 0 , 1, or 2 quints. The harmonies
can be labelled by the triplet (n0, n1, n2) telling the numbers of chords with 0, 1, and 2 quints.

1. The unique Z6 harmony necessarily present in the bio-harmony has (2, 12, 6). It has two
augmented chords (transposes of Caug = CDG]) containing two major thirds and defining
the 3-chord of a harmony assignable to triangle). This beautiful chord to which finnish tangos
so often end, cannot be regarded as dissonance.

2. The 2 Z4 harmonies have (n0, n1, n2) = (0, 16, 4) and (4, 8, 8). For the latter harmony one
has genuine dissonances since the the highest and lowest note of 3-chord are separated by
major or minor third. The chords with 0 quints labelled by script ”ex1”,”ex2”,...,”ex6” (for
the notation see [L2]) are dissonances in this sense. ”ex7” and ”ex8” (CDF] and CDG])
cannot be regarded as dissonances in this sense.

3. The 3 Z2,rot harmonies have (0, 16, 4), (2, 12, 6), and (4, 8, 8). Both 2-plets and 4-plets contain
2 dissonances.

4. There are 3 Z2,refl harmonies with (2, 12, 6) and 1 with (4, 8, 8). These harmonies have
genuine dissonances. Interestingly, (2, 12, 6) corresponds to a doublet for which only the
second member corresponds to dissonance.

5. For tetrahedral harmony single step should correspond to 1/4:th of octave (using suitable
power of 3/2 as a rational approximation) so that the notes at the vertices of tetrahedron
should correspond to CE[F] defining Cdim. This does not appear in the icosahedral code
table as 0-quint chord. Although the triangles of tetrahedron and icosahedron would be
shared in some sense, the chords cannot be same. This support the idea that ile triplet and
met are coded by tetrahedral faces.

The chords containing 0 quints appearing in Z4 and Z2 harmonics can be regarded as dissonant.
The minimization of dissonance would give a fusion of the unique Z6 harmony (2, 12, 6), unique
Z4 harmony (0, 16, 4) and unique Z2,rot harmony (0, 16, 4). Bio-harmony would be unique and
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contain no dissonances. Recall however that the proposal is that bio-harmonies serve as correlates
for moods realized even at the level of basic bio-molecules.

For other options one would have dissonant chords. Z2,refl harmony (2, 12, 6) has only single
dissonant chord. Since stop codons would naturally correspond to dissonances, this observation
raises some questions.

1. Could the dissonant chord of Z2,refl harmony (2, 12, 6) correspond to the triangle shared by
tetrahedron and icosahedron? Could this correspond to (stop,trp) pair with stop coded by
dissonant chord ”ex”7 (CDF] defining part of D7 chord). This would fix the code to contain
Z6 harmony (2, 12, 6), unique Z4 harmony (0, 16, 4) and unique Z2,refl harmony (2, 12, 6).
There would be single dissonance coding for stop in stop,trp doublet.

2. The doublet coding for stop should formally code for amino-acid. One cannot realize this
doublet as a doublet of dissonances with ”ex”n, with n ∈ {1, .., 6} for single bio-harmony.
The second member of this doublet could however correspond to the shared triangle.

This tentative picture should be of course checked. There are also cycles without any symme-
tries. Could these chaotic cycles be interpreted as disharmonies.

11.3 How could the representations of genetic code as dark 3-chords
and nucleotide triplets relate?

One of the poorly understood aspects of the model is how the various representations of the code
relate.

11.3.1 Frequency coding of nucleotides is not possible

Frequency coding of nucleotides would look natural but it is easy to see that it is in conflict with
bio-harmony.

1. The representations as dark proton triplets and dark photon triplets do not involve decompo-
sition to ordered triplet of letters as the ordinary chemical representation does. Dark protons
are entangled and one cannot order them and there is no obvious ordering of the frequencies
of dark photons.

This is not a problem for the correspondence between dark proton triplets and dark photon
triplets and one can even imagine assignment of dark cyclotron photons with 3 parallel flux
tubes acting as wave guides. This could mediate the interaction between dark variants of
basic biomolecules with same value of heff as frequency resonance.

2. The interaction between ordinary DNA/RNA/tRNA and its dark variant should involve
the transformation of dark photon triplet associated with flux tube triplet emanating from
dark bio-molecule to ordinary photons (possibly bio-photons) and energy resonance would
be involved. Is the energy resonance involved with the formation of the dark-ordinary pairs
or with the sustainment of these pairings? The example of benzene suggests sustainment.

3. The assumption that energy resonance is involved with dark-ordinary pairing indeed leads to
problems. The first guess would be that ordinary photon triplet somehow carries information
about the position of nucleotide in the codon. The 4 nucleotides would correspond to 4
frequencies with frequency scale depending on the position inside the codon. There are indeed
12 frequencies in the 12-note scale so that 3 frequency scales with 4 frequencies associated
with each of them would give 64 combinations of frequencies.

Frequency coding of nucleotides however leads to a problem. The first two letters of the
codon are known to determine the amino-acid coded by it to a high degree since the third
letter typically distinguishes between 1 or 2 amino-acids only, and labels codons at the orbit
of DNA codon defining amino-acid. Therefore for DNA codons coding same amino-acid the
first two frequencies should be same. This is not the case for bio-harmony for the simple
reason that the frequencies of 3-chords along the orbit defining amino-acids are different.
Only the frequency ratios defining the type of the chord are same along the orbit.
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The frequency ratios determine the correspondence so that the correspondence can be only
between entire dark and ordinary codons, and cannot be reduced to correspondence between
frequencies and letters. Holism does not reduce to reductionism.

11.3.2 Does the impossibility of frequency coding of nucleotides lead to problems
with the models of replication and transription?

This becomes a potential problem in the model for DNA replication and transcription to RNA.

1. The basic picture about bio-catalysis in TGD framework is following. U-shaped magnetic flux
tubes emanate from the reactants and can reconnect to form a pair of flux tubes connecting
the reactants. The shortening of the flux tube pair by a reduction of heff brings the reactants
together and liberates the energy needed to kick the reactants over the potential wall making
the reaction rate extremely low otherwise.

The U-shaped flux tubes or flux tube triplets would be associated with dark codons of dark
DNA accompanying DNA strand, and would be formed as the flux tube pair(s) connecting the
strands split by the reversal of reconnection. The heff associated with resulting U-shaped
flux tubes associated with replicating strands would increase requiring metabolic energy.
They would get longer and could act as tentacles scanning the environment to spot similar
flux tubes assignable to nucleotides or codons by resonance.

2. In the standard picture one assumes that nucleotides defining the letters of the codons appear
as non-correlated molecules in the environment, and that each codon is built by a stepwise
process in which letters attach to it. The letters can respond only to single frequency and
cannot “know” which position to attach to. Thefrequency coding is not consistent with the
idea that dark photon triplet assigned with the dark codon gives rise to energy resonance
with the letters one by one.

Could the triple resonance occur as single step and attach all 3 nucleotides in single step? Or
could the triple resonance be a collective frequency resonance with dark codon already at-
tached to the ordinary codon in the environment. Ordinary-dark pairing by energy resonance
would sustain rather than generate DNA strand since otherwise the Coulomb repulsion due
to the large negative charge of DNA does not allow stability.

3. The problem is that it is nucleotides seem to appear in the environment rather than codons.
Could the nucleotides of the environment actually form loose codons connected to dark codons
by long flux tubes with large value of heff? Could the reduction of heff bringing nucleotides
together induce the reduction of flux tube lengths giving rise to ordinary codon? If the
reduction of heff for flux tubes occurs nucleotide-by nucleotide, one would have consistency
with the standard picture. The simplest picture is following.

Dark codons are paired with the loose variants ordinary codons. The opening of DNA double
strand leads to the splitting of the flux tube pairs connecting the ordinary codons of strands
to U-shaped flux tubes, which reconnect with U-shaped flux tubes coming dark codons paired
with loose ordinary codons. The reduction of heff d pairs nucleotides of loose codons with
those of ordinary codons.

4. The pairs of dark codons and loose codons would be analogous to tRNA molecules. One
can imagine even pre-tRNA molecules with loose coupling of RNA and amino-acid so that
replication and transcription would be very similar topological processes. Also RNA tran-
scription and translation of RNA to amino-acids would rely on similar mechanism. The only
difference would be that only the second - active - strand would form U-shaped flux tubes
connecting with dark RNA codons.

11.3.3 What about remote DNA replication

This model could also explain remote replication of DNA for which Montagnier et al have reported
evidence [?]. Also remote transcription is predicted to be possible. I have already earlier considered
a model of remote replication [K39] in an article written together with Peter Gariaev who has
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reported this kind phenomenon already earlier. I have discussed the findings of Montagnier et al
in [L1].

1. The experiment involves two vessels, call them A and B. A contains genes and B only nu-
cleotides - at least according to the standard picture. There is irradiation using 7 Hz frequency
not far from the lowest Schumann frequency having a nominal value of 7.8 Hz. What hap-
pens is that the replicas of genes appear in B. It is also reported that the DNA generates em
radiation possibly responsible for the information transfer.

2. The proposed model for the ordinary DNA replication generalizes easily to describe also
remote replication. The new element would be that the U-shaped flux tubes from A would
extend to B - here 7 Hz radiation could be essential - , would be parallel to each other,
and have same average length, which is natural if they have same value of heff . Also the
experimental arrangement could favor parallel flux tubes. In B the dark codons paired with
loose codons formed from ordinary nucleotides would be present, and their U-shaped flux
tubes would reconnect with those coming from A. Remote replication could take place: here
it is essential that the U-shaped flux tubes are parallel and have very nearly the same length.

The TGD interpretation would be that the Earth’s magnetic body is involved and generates
quantum coherence in the length scale at least the size of the system studied. The reported
em radiation would naturally relate to the dark photon triplets representing the codons.

11.3.4 Is ZEO needed to understand the replication?

In TGD one must give up thinking in terms of standard ontology of bio-chemistry in which the
process is a kinetic process governed by differential equations for the populations of molecules and
proceeding in step-wise manner nucleotide by nucleotide. ZEO suggests temporal holism - at least
at the level of single dark codon, which cannot be built building brick by building brick.

1. An open question is in which time scale this temporal quantum holism holds true: in the
time scale of addition of single codon or in the time scale of replication of gene or something
else? In the following the possibility that temporal holism holds in the time scale for the
pairing of dark codons.

2. In ZEO one could have state function reduction in which initial state corresponds to dark
codon plus population of nucleotides and final state to dark codon paired with the ordinary
codon formed from 3 nucleotides in energy resonance with the codon formed from nucleotides.
What matters are only the initial and final states.

3. If “big” state function reduction (BSFR) is in question, the final state would correspond to a
superposition of deterministic time evolutions leading from the outcome of the reduction to
geometric past, possibly but not necessary to a state in which nucleotides do not form codon
paired with the dark codon.

4. The process would create strong correlations between the position of nucleotides of the codon
and between the positions of codon and its dark variant and therefore a generation of entan-
glement. Unitary evolutions followed by “small” state function reductions (SSFRs) would
generate a state as a superposition of the states satisfying the criteria of the desired final
state and other states and BSFR would select the desired final state. It could be followed by
BSFR returning the original arrow of time but doing nothing for the state.

12 Appendix: Tables of basic 3-chords for the icosahedral
harmonies with symmetries

The tables below give list for the three types of 3-chords for the 11 harmonies possessing symmetries.
One must remember that the reversal of the orientation for the cycle induces the transformation
C ↔ C, F] ↔ F], H ↔ C], F ↔ G, D ↔ B[, E ↔ G], A ↔ D] and produces a new scale with
minor type chords mapped to major type chords and vice versa. Also one must remember that
all 3-chords except those which are simple majors or minors lack the third so that their emotional
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tone remains uncharacterized. For instance, C6 does could be replaced with Cm6 and G7 with
Gm7. The reader can check the chords by direct inspection of the figures. The convention used is
that vertex number one corresponds to C note.

(n0,n1,n2) 0-chords 1-chords 2-chords

(2, 12, 6) (Faug,Gaug) (Cm,Dm,Em,F]m,G]m,B[m), (C9, D9, E9, F ]9, G]9, B[9).
(F6, G6, A6, B6, C]6, D]6).

Table 1: Table gives various types of 3-chords for harmonies with Z6 rotational symmetry. Note
that half-octave shift is an exat symmetry. Note that Gaug = CEG], F aug act as bridges between
the groups related by half octave shift. The chords have been arranged so that they form orbits of
Z6. “Amino-acid chords” correspond to preferred chords at the orbits.

(n0,n1,n2) 0-chords 1-chords 2-chords

(0, 16, 4) (D7, D6, G]7, G]6), (B[9, B9, E9, F9).
(G4+, A9−, C]4+, D]9−),
(Emaj7, Gmaj7, B[maj7, C]maj7),
(C9−, A9−, F ]9−, D]9−).

(4, 8, 8) (Cex3, Eex2, F ]ex3, B[ex2). (Dmaj7, E9−, A7, A6), (B[9, F9, C9, G9).
(G]maj7, B[9−, D]7, D]6). (E9, B9, F ]9, C]9).

Table 2: Table gives various types of 3-chords for the two harmonies with Z4 = Zrot
2 × Zrefl

2

symmetry. 4-plets represent the orbits. First cycle has no harmonic loners. Second cycle gives rise
to bio-harmony (4, 8, 8) for which 0-quint chords are dissonant.
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(n0,n1,n2) 0-chords 1-chords 2-chords

(0, 16, 4) (Em,B[m), (Cm,F]m), (D9, G]9),
(G6, C]6), (A6, D]6), (E9, B[9).
(D4+, G]4+), (B4+, F4+),
(Cmaj7, F ]maj7), (G6−, C]6−).

(2, 12, 6) (Aex4, D]ex2). (Am,D]m), (G9−, C]9−), (C9, F ]9),
(C4, F ]4), (E4+, B[4+), (A9, D]9),
(Dmaj7, G]maj7), (D9, G]9).
(Bmaj7, Fmaj7).

(4, 8, 8) (Aex2, Hex8, D]ex2, F ex8). (D7, G]7), (Amaj7, D]maj7), (G9, C]9), (A9, D]9),
(A4+, D]4+), (E7, B[7). (B9, F9), (E9, B[9).

Table 3: Table gives various types of 3-chords for harmonies with Z2 rotation symmetry acting
as half-octave shift. The doublets represent 2-chord orbits.

(n0,n1,n2) 0-chords 1-chords 2-chords

(2, 12, 6) (F]ex3, Hex4), (Am,D]), (A6, D]7), (C9, F9), (B9, F ]9),
(D7, B[6), (G6−, Fmaj7), (E9−, C]9).
(D4+, B[9−), (E9, G]4+),

(2, 12, 6) (Dex4, Hex4). (F, Fm), (C6−, B[maj7), (C9, D]9),
(D7, G]6), (Gmaj7, D]6−). (D]9, C]9),
(C]4−, A4+), (E4+, F ]6). (E9, B9).

(4, 8, 8) (Fex1, D]ex3, G]ex1, Aex2). (E7, E6), (Amaj7, B9−), (D9, B9), (C9, C]9),
(G,C]m), (D7, F ]6). (F9, G]9), (D]9, B[9).

(2, 12, 6) (Hex3, Eex7). (D7, G]6), (G,D]m), (C9, D]9),
(F, Fm), (C6−, B[maj7), (D9, C]9),
(A9−, C]4+), (E7, F ]6). (E9, B9).

(2, 12, 6) (F]ex2, F ex3). (F,B[m), (C7, G]6), (B[9, D]9),
(Amaj7, B9−), (E6, E7), (C9, C]9),
(G,C]m), (D7, B6). (D9, H9).

Table 4: Table gives various types of 3-chords for harmonies with single reflection symmetry.

12.1 PART V: NUMBER THEORETICAL MODELS FOR GENETIC
CODE

12.1.1 Could Genetic Code Be Understood Number Theoretically?

The number of DNA triplets is 64. This inspires the idea that DNA sequence could be interpreted
as an expansion of an integer using 64 as the base. Hence given DNA triplet would represent some
integer in {0,1....,63} (sequences of I Ching symbols give a beautiful realization of these sequences).

The observation which puts bells ringing is that the number of primes smaller than 64 is 18.
Together with 0, and 1 this makes 20: the number of amino-acids!

1. Questions

The finding just described stimulates a whole series of questions.
Do amino-acids correspond to integers in the set S = {primes < 64}∪ {0, 1}. Does amino-acid

sequence have an interpretation as a representation as a sequence of integers consisting of 0, 1 and
products of primes p = 2, ..., 61? Does the amino-acid representing 0 have an interpretation as
kind of period separating from each other structural units analogous to genes representing integers
in the sequence so that we would quite literally consists of sequences of integers? Do 0 and 1 have
some special biological properties, say the property of being biologically inert both at the level of
DNA and amino-acids?

Does genetic code mediate a map from integers 0,...,63 to set S such that 0 and 1 are mapped
to 0 and 1? If so then three integers 2 ≤ n ≤ 63 must correspond to stopping sign codons rather
than primes. What stopping sign codon property means at the level of integers? How the map
from integers 2,...,61 to the primes p = 2, ..., 61 is determined?
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2. The chain of arguments leading to a number theoretical model for the genetic code

The following chain of arguments induced to large part by concrete numerical experimentation
leads to a model providing a partial answer to many of these questions.

1. The partitions of any positive integer n can be interpreted in terms of number theoretical
many boson states. The partitions for which a given integer appears at most once have
interpretation in terms of fermion states. These states could be identified as bosonic and
fermionic states of Super Virasoro representation with given conformal weight n.

2. The generalization of Shannon entropy by replacing logarithms of probabilities with the
logarithms of p-adic norms of probabilities allows to have systems with negative entropy and
thus positive negentropy. The natural requirement is that n corresponds to such prime p ≤ 61
that the negentropy assigned to n is maximal in some number theoretic thermodynamics.
The resulting correspondence n→ p(n) naturally determined the genetic code.

3. One can assign to the bosonic and fermionic partitions a number theoretic thermodynamics
defined by a Hamiltonian. Purely bosonic and fermionic thermodynamics are defined by
corresponding partition functions ZB and ZF whereas supersymmetric option is defined by
the product ZB × ZF . Supersymmetric option turns out to be the most realistic one.

4. The simplest option is that Hamiltonian depends only on the number r of the integers in the
partition. The dynamics would be in a well defined sense local and would not depend on the
sizes of summands at all. The thermodynamical states would be degenerate with degeneracy
factors given by total numbers dI(n, r) of partitions of type I = B,F . The invariants known
as rank and crank define alternative candidates for the basic building blocks of Hamiltonian.

5. Ordinary exponential thermodynamics based on, say e−H/T = qr−10 , q0 a rational number,
produces typically unrealistic genetic codes for which most integers are mapped to small
primes p ≤ 11 and many primes are not coded at all. The idea that realistic code could
result at some critical temperature fails also.

6. Quantum criticality and fractality of TGD Universe inspire the idea that the criticality
is an inherent property of Hamiltonian rather than only thermodynamical state. Hence
Hamiltonian can depend only weakly on the character of the partition so that all partitions
contribute with almost equal weights to the partition function. Fractality is achieved if
Boltzmann factors are given by e−H/T = (r + r0)n0 so that H(r) = log(r + r0) serves as
Hamiltonian and n0 corresponds to the inverse temperature. The super-symmetric variant
of this Hamiltonian yields the most realistic candidates for the genetic code and there are
good hopes that a number theoretically small perturbation not changing the divisors p ≤ 61
of partition function but affecting the probabilities could give correct degeneracies.

Numerical experimentation suggests however that this might not be the case and that simple
analytic form of Hamiltonian is too much to hope for. A simple argument however shows
that e−H/T = f(r) could be in quantum critical case be deduced from the genetic code by
fixing the 62 values of f(r) so that the desired 62 correspondences n→ p(n) result. The idea
about almost universality of the genetic code would be replaced with the idea that quantum
criticality allows to engineer a genetic code maximizing the total negentropy associated with
DNA triplet-amino-acid pair.

7. A natural guess is that the map of codons to integers is given as a small deformation of
the map induced by the map of DNA codons to integers induced by the identification of
nucleotides with 4-digits 0,1,2, 3 (this identification depends on whether first, second, or
third nucleotide is in question). This map predicts approximate p(n) = p(n + 1) symmetry
having also a number theoretical justification. One can deduce codon-integer and amino-acid-
prime correspondences and at (at least) two Boltzmann weight distributions f(n) consistent
with the genetic code and Negentropy Maximization Principle (NMP) constrained by the
degeneracies of the genetic code.
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12.1.2 Unification of Four Approaches to the Genetic Code

A proposal unifying four approaches to genetic code is discussed.
The first approach is introduced by myself and is geometric: genetic code is interpreted as

an imbedding of the aminoacid space to DNA space possessing a fiber bundle like structure with
DNAs coding for a given aminoacid forming a discrete fiber with a varying number of points. Also
Khrennikov has proposed an analogous approach based on the identification of DNAs coding for a
given aminoacid as an orbit a discrete flow defined by iteration of a map of DNA space to itself.

Much later (2014) I have introduced a variant of this scenario in which the fiber space structure
is by assigning aminoacids to the 20 vertices of icosahedron. This model allows to understand the
degeneracies of genetic code group theoretically.

Second approach starts from the 5-adic approach of Dragovich and Dragovich. Codons are la-
belled by 5-adic integers n which have no non-vanishing 5-digits so that the n is in the range
[31, 124]. The number of primes in the range [31, 124] is 20. This suggests the labelling of
aminoacids by these primes. This inspires an additional condition on the geometric code: if
possible, one of the integers n projected to p equals to p(n). This condition fails only for the
primes 53,79,101,103 for which some of 5-digits vanishing in 5-ary expansion.

The third approach relies on the generalization of the basic idea of the so called divisor code
proposed by Khrennikov and Nilsson. The requirement is that the number of factors for integer
n labelling one of DNAs, call it nd coding for a given aminoacid is the total number of codons
coding for the aminoacid, its degeneracy. Therefore a given aminoacid labelled by prime p with
no non-vanishing 5-digits is coded by DNAs labelled by p itself and by nd. A group theoretic and
physical interpretation for the origin of the divisor code is proposed.

The fourth approach is a modification of the earlier 4-adic number theoretic thermodynamics
approach of Pitkänen.

1. 5-adic thermodynamics involving a maximization of number theoretic negentropy Np(n) =
−Sp(n) > 0(!) as a function of p-adic prime p labelling aminoacids assigns a unique prime to
the codon. If no prime in the range divides Sp, the codon is identified as a stopping codon.

2. The number theoretic thermodynamics is assigned with the partitions P of the integer n2)
determined by the first two letters of the codon (16 integers belonging to the range [6, 24]).
The integer valued number theoretic Hamiltonian h(P ) ∈ Z25 appearing in the Boltzmann
weight 5h(P )/T5 is assumed to depend on the number r of summands for the partition only.
h(r) is assumed to be tailored by evolution so that it reproduces the code.

3. The effect of the third nucleotide is described in terms of 5-adic temperature T5 = 1/n,
n ∈ [0, 24]: the variation of T5 explains the existence of variants of genetic code and its
temporal variation the observed context sensitivity of the codon-aminoacid correspondence
for some variants of the code.

A numerical calculation scanning over N ∼ 1030 candidates for h(r) allows only 11 Hamiltonians
and with single additional symmetry inspired condition there are 2 solutions which differ only for
5 largest values of r. Due to the limited computational resources available only 24 percent of
the available candidates have been scanned and the naive expectation is that the total number of
Hamiltonians is about about 45 unless one poses additional conditions.

The problem of the number theoretic models is that they do not predict but only reproduce.
This is in sharp contrst to the model based on dark proton sequences, which leads to a radically
new vision about the evolution of prebiotic life and to the vision about how immune system and
genetic code evolved and what is the meaning of the genetic code.
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