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Abstract

Originally this article was an appendix meant to be a purely technical summary of basic facts
but in its recent form it tries to briefly summarize those basic visions about TGD which I dare to
regard as stabilized. I have added illustrations making it easier to build mental images about what
is involved and represented briefly the key arguments. This chapter is hoped to help the reader to
get fast grasp about the concepts of TGD. The basic properties of embedding space and related
spaces are discussed and the relationship of C'P» to the standard model is summarized. The basic
vision is simple: the geometry of the embedding space H = M* x CP, geometrizes standard model
symmetries and quantum numbers. The assumption that space-time surfaces are basic objects, brings
in dynamics as dynamics of 3-D surfaces based on the induced geometry. Second quantization of free
spinor fields of H induces quantization at the level of H, which means a dramatic simplification. The
notions of induction of metric and spinor connection, and of spinor structure are discussed. Many-
sheeted space-time and related notions such as topological field quantization and the relationship
many-sheeted space-time to that of GRT space-time are discussed as well as the recent view about
induced spinor fields and the emergence of fermionic strings. Also the relationship to string models is
discussed briefly. Physics as number theory is complementary to physics as geometry vision in TGD.
All basic number fields, including finite fields, rationals and their extensions, p-adic number fields
and their extensions and also complex numbers, quaternions and octonions are central for this vision.
p-Adic length scale hypothesis and hierarchy of Planck constants labelling phases of ordinary matter
behaving like dark matter are basic applications. Zero energy ontology (ZEO) has become a central
part of quantum TGD and leads to a TGD inspired theory of consciousness as a generalization of
quantum measurement theory having quantum biology as an application. Also these aspects of TGD
are briefly discussed.

1 Introduction

Originally this article was an appendix was meant to be a purely technical summary of basic facts but
in its recent form it tries to briefly summarize those basic visions about TGD which I dare to regarded
stabilized. I have added illustrations making it easier to build mental images about what is involved and
represented briefly the key arguments. This chapter is hoped to help the reader to get fast grasp about
the concepts of TGD.

The basic properties of embedding space and related spaces are discussed and the relationship of
CP;, to the standard model is summarized. The basic vision is simple: the geometry of the embedding
space H = M* x CP, geometrizes standard model symmetries and quantum numbers. The assumption
that space-time surfaces are basic objects, brings in dynamics as dynamics of 3-D surfaces based on the
induced geometry. Second quantization of free spinor fields of H induces quantization at the level of H,
which means a dramatic simplification.

The notions of induction of metric and spinor connection, and of spinor structure are discussed.
Many-sheeted space-time and related notions such as topological field quantization and the relationship
many-sheeted space-time to that of GRT space-time are discussed as well as the recent view about induced
spinor fields and the emergence of fermionic strings. Also the relationship to string models is discussed
briefly.
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Various topics related to p-adic numbers are summarized with a brief definition of p-adic manifold and
the idea about generalization of the number concept by gluing real and p-adic number fields to a larger
book like structure analogous to adele [25, 26]. In the recent view of quantum TGD [42], both notions
reduce to physics as number theory vision, which relies on M® — H duality [32, B3] and is complementary
to the physics as geometry vision.

Zero energy ontology (ZEO) [B1] [24] has become a central part of quantum TGD and leads to a TGD
inspired theory of consciousness as a generalization of quantum measurement theory having quantum
biology as an application. Also these aspects of TGD are briefly discussed.

The preparation of this article led to one very interesting question. The twistor lift of TGD [38, B9]
leads to the proposal that the preferred extremals of the 4-D dimensionally reduced 6-D Kéhler action
reduces to the sum of 4-D Kéhler action and volume term. These extremals are analogues of soap films
spanned by frames: minimal surfaces with singularities. Outside the frames, these minimal 4-surfaces are
simultaneous extremals of Kéhler action. This is guaranteed if the holomorphicity of string world sheets
generalizes to the 4-D case. The interpretation is in terms of quantum criticality.

These surfaces are actually extremals for a very large class of actions. Does it make sense to ask which
4-D action is the correct one? Or are these actions equivalent? Or does each action define only a subset of
all possible preferred extremals. The 4-D action defines a Kéhler function of a Kéhler metric of "world of
classical worlds”. Do different actions define different Kédhler metrics or are the metrics actually identical
when some constraints on the couplings are posed?

If the WCW Kaéhler metrics defined by different actions are equivalent, the Kéhler functions differ by
an addition of a gradient of a complex function to the WCW Kéhler gauge potential defined by the Kéhler
function. Could coupling constant evolution(s) correspond to this kind of U(1) gauge transformations
induced by symplectic WCW isometries? If so, the choice of the action would be dictated by convenience.

Or does one have an entire hierarchy of actions labelling the sectors of WCW labelled by the degree
and other number theoretical parameters of rational polynomials defining 4-surfaces in M® mapped by
M?® — H duality to space-time surfaces in H? These actions would correspond to a discrete coupling
constant evolution in the zero modes of WCW not contributing to the line element and giving rise to
WCW Kaéhler metrics depending on zero modes via coupling parameters and not reducing to a symplectic
isometries.

2 Embedding space M* x CP,

Space-times are regarded as 4-surfaces in H = M* x C' P, the Cartesian product of empty Minkowski space
- the space-time of special relativity - and compact 4-D space C'P, with size scale of order 10* Planck
lengths. One can say that embedding space is obtained by replacing each point m of empty Minkowski
space with 4-D tiny C'P,. The space-time of general relativity is replaced by a 4-D surface in H which
has very complex topology. The notion of many-sheeted space-time gives an idea about what is involved.

Fig. 1. Embedding space H = M* x CP, as Cartesian product of Minkowski space M* and complex
projective space C'Py. http://tgdtheory.fi/appfigures/Hoo. jpg

Denote by Mi and M? the future and past directed lightcones of M*. Denote their intersection,
which is not unique, by CD. In zero energy ontology (ZEO) [31], B5] [24] causal diamond (CD) is defined
as cartesian product CD x C'P,. Often I use CD to refer just to C'D x C'P, since C' P, factor is relevant
from the point of view of ZEO.

Fig. 2. Future and past light-cones M{ and M?. Causal diamonds (CD) are defined as their
intersections. http://tgdtheory.fi/appfigures/futurepast. jpg

Fig. 3. Causal diamond (CD) is highly analogous to Penrose diagram but simpler. http://
tgdtheory.fi/appfigures/penrose. jpg
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A rather recent discovery was that C'P, is the only compact 4-manifold with Euclidian signature of
metric allowing twistor space with Kihler structure. M* is in turn is the only 4-D space with Minkowskian
signature of metric allowing twistor space with Kéhler structure [4] so that H = M* x CP; is twistorially
unique.

One can loosely say that quantum states in a given sector of "world of classical worlds” (WCW)
are superpositions of space-time surfaces inside CDs and that positive and negative energy parts of zero
energy states are localized and past and future boundaries of CDs. CDs form a hierarchy. One can have
CDs within CDs and CDs can also overlap. The size of CD is characterized by the proper time distance
between its two tips. One can perform both translations and also Lorentz boosts of CD leaving either
boundary invariant. Therefore one can assign to CDs a moduli space and speak about wave function in
this moduli space.

In number theoretic approach it is natural to restrict the allowed Lorentz boosts to some discrete
subgroup of Lorentz group and also the distances between the tips of CDs to multiples of C'P, radius
defined by the length of its geodesic. Therefore the moduli space of CDs discretizes. The quantization of
cosmic recession velocities for which there are indications, could relate to this quantization.

2.1 Basic facts about C'P,

CP, as a four-manifold is very special. The following arguments demonstrate that it codes for the
symmetries of standard models via its isometries and holonomies.

2.1.1 CP, as a manifold

CP,, the complex projective space of two complex dimensions, is obtained by identifying the points of
complex 3-space C® under the projective equivalence

(21,22, 2%) = A(24, 22, 2%) . (2.1)
Here A is any non-zero complex number. Note that C'P, can be also regarded as the coset space
SU(3)/U(2). The pair 2°/z7 for fixed j and z* # 0 defines a complex coordinate chart for CP,. As
j runs from 1 to 3 one obtains an atlas of three coordinate charts covering C'P,, the charts being holo-
morphically related to each other (e.g. CP, is a complex manifold). The points 2% # 0 form a subset
of C'P, homoeomorphic to R* and the points with 2% = 0 a set homeomorphic to S2. Therefore CP, is
obtained by “adding the 2-sphere at infinity to R*”.
Besides the standard complex coordinates ¢ = 2%/23, i = 1,2 the coordinates of Eguchi and Freund
[B] will be used and their relation to the complex coordinates is given by

&= z4it
&€ = z+iy . (2.2)

These are related to the ”spherical coordinates” via the equations

_ (T + D) €]
& = rexp(zT)cos(g) ,
£ = rezp(i@)sm(%) . (2.3)

The ranges of the variables r, ©, ®, ¥ are [0, o], [0, 7], [0, 47], [0, 27] respectively.
Considered as a real four-manifold C' P, is compact and simply connected, with Euler number Euler
number 3, Pontryagin number 3 and second b = 1.

Fig. 4. C P, as manifold. http://tgdtheory.fi/appfigures/cp2. jpg
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2.1.2 Metric and Kihler structure of C' P,

In order to obtain a natural metric for C'Ps, observe that C'P, can be thought of as a set of the orbits
of the isometries 2! — exp(ia)z’ on the sphere S%: > 212" = R2. The metric of CP; is obtained by
projecting the metric of S® orthogonally to the orbits of the isometries. Therefore the distance between
the points of C' Py is that between the representative orbits on S°.

The line element has the following form in the complex coordinates

ds* = g,de%deb | (2.4)

where the Hermitian, in fact Kéhler metric g,; is defined by

Jap = R26a85K, (2.5)

where the function K, Kdhler function, is defined as

K = log(F) ,
F = 147 (2.6)

The Kéhler function for S? has the same form. It gives the S? metric dzdz/(1 + r?)? related to its
standard form in spherical coordinates by the coordinate transformation (r, ¢) = (tan(6/2), ¢).

The representation of the C'P; metric is deducible from $® metric is obtained by putting the angle
coordinate of a geodesic sphere constant in it and is given

a8 @) | Pt ead) 27)
R2 2 F

where the quantities o; are defined as

rPoy = Im(¢'dg? - €2dgt)
r’oy = —Re(£'d¢® — &gt
rloz = —Im(&NdEr + £2dE?) . (2.8)

R denotes the radius of the geodesic circle of C'P,. The vierbein forms, which satisfy the defining relation

Sk = RQZeg‘eZLx , (2.9)
A
are given by
0 _ dr 1 roy
© _ E € VE (2.10)
2 — roz 3 — Tos :
VF F

The explicit representations of vierbein vectors are given by

0 _ dr 1 _ r(sinBOcos¥dP+sin¥dO)
c T Fo © = 2VF ’
2 _ r(sin®sin¥dP—cos¥dO) 3 _ r(dV+cosOdP)
© = 2VF &= 2F
(2.11)
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The explicit representation of the line element is given by the expression

ds®/R* = dr + i(d\ll + c0s0d®)? + ﬁ(d®2 + 5in?0dd?) .
F2 ' 4F? AF

(2.12)

From this expression one finds that at coordinate infinity r = oo line element reduces to %(d@2 +
5in?0d®?) of S? meaning that 3-sphere degenerates metrically to 2-sphere and one can say that C' Py is
obtained by adding to R* a 2-sphere at infinity.

The vierbein connection satisfying the defining relation

det = —Vinel | (2.13)
is given by
61 61
Vo = -5, Vas =,
Voo = —-% Vs = £, (2.14)
Vos = (T—%)e‘? , Ve = (27‘—|—%)€3 .

The representation of the covariantly constant curvature tensor is given by

Ryt = ePnel—e?ned Ros = ePnel—e?ned
Ry = e2ne2—ednel | Ry1 = —ePne2+ednel (2.15)
Ros = 4e®Aed+2e'ne? , Ria = 289Ae3+4et Ne? .

Metric defines a real, covariantly constant, and therefore closed 2-form J

J = —ispdecde’ (2.16)

the so called Kéahler form. Ké&hler form J defines in C'P, a symplectic structure because it satisfies the
condition

JEgt = gk (2.17)

The condition states that J and g give representations of real unit and imaginary units related by the
formula i% = —1.
Kahler form is expressible locally in terms of Kéahler gauge potential

J = dB , (2.18)

where B is the so called Kéhler potential, which is not defined globally since J describes homological
magnetic monopole.

dJ = ddB = 0 gives the topological half of Maxwell equations (vanishing of magnetic charges and
Faraday’s induction law) and self-duality *J = J reduces the remaining equations to dJ = 0. Hence the
Kaéhler form can be regarded as a curvature form of a U(1) gauge potential B carrying a magnetic charge
of unit 1/2g (g denotes the gauge coupling).

ISSN: 2153-8301 Prespacetime Journal Www.prespacetime.com
Published by QuantumDream, Inc.



Prespacetime Journal | December 2023 | Volume 14 | Issue 7 | pp. 681-713 686
Pitkanen, M., Reduction of Standard Model Structure to C' P, Geometry and Other Key Ideas of TGD

The magnetic flux of J through a 2-surface in C'P; is proportional to its homology equivalence class,
which is integer valued. The explicit representations of J and B are given by

B = 2red |
0 A 3 1A 2 r r?
= 2(e"Ne’+e Ae ):ﬁdr/\(dlll—kcos@d‘l))—kﬁsm@d@/\d@ .

(2.19)

The vierbein curvature form and Kéhler form are covariantly constant and have in the complex coordinates
only components of type (1, 1).

Useful coordinates for C' P, are the so called canonical (or symplectic or Darboux) coordinates in which
the Kéhler potential and Kéahler form have very simple expressions

B = Y PudQ ,
k=1,2

J o= Y dP.NdQy . (2.20)
k=1,2

The relationship of the canonical coordinates to the "spherical” coordinates is given by the equations

1
P o= -
! 14727
r2cos©
p = 9%
? 2(1+12)
Ql = v )
Qy = @ . (2.21)

2.1.3 Spinors In CP;

CP, doesn’t allow spinor structure in the conventional sense [2]. However, the coupling of the spinors to
a half odd multiple of the Kéhler potential leads to a respectable spinor structure. Because the delicacies
associated with the spinor structure of C' P, play a fundamental role in TGD, the arguments of Hawking
are repeated here.

To see how the space can fail to have an ordinary spinor structure consider the parallel transport of
the vierbein in a simply connected space M. The parallel propagation around a closed curve with a base
point z leads to a rotated vierbein at z: e = RgeB and one can associate to each closed path an element
of SO(4).

Consider now a one-parameter family of closed curves y(v) : v € (0, 1) with the same base point x and
7(0) and (1) trivial paths. Clearly these paths define a sphere S? in M and the element R (v) defines a
closed path in SO(4). When the sphere S? is contractible to a point e.g., homologically trivial, the path
in SO(4) is also contractible to a point and therefore represents a trivial element of the homotopy group
I1,(SO(4)) = Z,.

For a homologically nontrivial 2-surface S? the associated path in SO(4) can be homotopically non-
trivial and therefore corresponds to a nonclosed path in the covering group Spin(4) (leading from the
matrix 1 to -1 in the matrix representation). Assume this is the case.

Assume now that the space allows spinor structure. Then one can parallel propagate also spinors and
by the above construction associate a closed path of Spin(4) to the surface S?. Now, however this path
corresponds to a lift of the corresponding SO(4) path and cannot be closed. Thus one ends up with a
contradiction.
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From the preceding argument it is clear that one could compensate the non-allowed —1- factor asso-
ciated with the parallel transport of the spinor around the sphere S? by coupling it to a gauge potential
in such a way that in the parallel transport the gauge potential introduces a compensating —1-factor.
For a U(1) gauge potential this factor is given by the exponential exp(i2®), where ® is the magnetic flux
through the surface. This factor has the value —1 provided the U(1) potential carries half odd multiple of
Dirac charge 1/2¢. In case of C' P, the required gauge potential is half odd multiple of the Kéhler potential
B defined previously. In the case of M* x C'P, one can in addition couple the spinor components with
different chiralities independently to an odd multiple of B/2.

2.1.4 Geodesic sub-manifolds of CP,

Geodesic sub-manifolds are defined as sub-manifolds having common geodesic lines with the embedding
space. As a consequence the second fundamental form of the geodesic manifold vanishes, which means
that the tangent vectors h¥ (understood as vectors of H) are covariantly constant quantities with respect
to the covariant derivative taking into account that the tangent vectors are vectors both with respect to
H and X*.

In [5] a general characterization of the geodesic sub-manifolds for an arbitrary symmetric space G/H
is given. Geodesic sub-manifolds are in 1-1-correspondence with the so called Lie triple systems of the
Lie-algebra g of the group G. The Lie triple system ¢ is defined as a subspace of g characterized by the
closedness property with respect to double commutation

[X,[V,Z]| €t for X,Y,Z €t . (2.22)

SU(3) allows, besides geodesic lines, two nonequivalent (not isometry related) geodesic spheres. This is
understood by observing that SU(3) allows two nonequivalent SU(2) algebras corresponding to subgroups
SO(3) (orthogonal 3 x 3 matrices) and the usual isospin group SU(2). By taking any subset of two
generators from these algebras, one obtains a Lie triple system and by exponentiating this system, one
obtains a 2-dimensional geodesic sub-manifold of C'P5.

Standard representatives for the geodesic spheres of C'P», are given by the equations

S? . &' =% orequivalently (O =7/2,¥ =0) ,

S7, . &' =¢% or equivalently (0 =7/2,®=0) .

The non-equivalence of these sub-manifolds is clear from the fact that isometries act as holomorphic
transformations in C'P,. The vanishing of the second fundamental form is also easy to verify. The first
geodesic manifold is homologically trivial: in fact, the induced Kéhler form vanishes identically for S%.
S?, is homologically nontrivial and the flux of the Kéhler form gives its homology equivalence class.

2.2 (P, geometry and Standard Model symmetries
2.2.1 Identification of the electro-weak couplings

The delicacies of the spinor structure of C'P; make it a unique candidate for space S. First, the coupling of
the spinors to the U(1) gauge potential defined by the Kahler structure provides the missing U(1) factor
in the gauge group. Secondly, it is possible to couple different H-chiralities independently to a half odd
multiple of the Ké&hler potential. Thus the hopes of obtaining a correct spectrum for the electromagnetic
charge are considerable. In the following it will be demonstrated that the couplings of the induced spinor
connection are indeed those of the GWS model [10] and in particular that the right handed neutrinos
decouple completely from the electro-weak interactions.
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To begin with, recall that the space H allows to define three different chiralities for spinors. Spinors
with fixed H-chirality e = £1, CP,-chirality [, and M*-chirality L, R are defined by the condition

v = eV,
e = +1, (2.23)

where I' denotes the matrix I'g = 75 ® 75, 1 ® 75 and 75 ® 1 respectively. Clearly, for a fixed H-chirality
CP5- and M*-chiralities are correlated.

The spinors with H-chirality e = £1 can be identified as quark and lepton like spinors respectively. The
separate conservation of baryon and lepton numbers can be understood as a consequence of generalized
chiral invariance if this identification is accepted. For the spinors with a definite H-chirality one can
identify the vielbein group of C'P; as the electro-weak group: SO(4) having as its covering group SU(2), x
SU(2)g.

The covariant derivatives are defined by the spinorial connection

B
A = V+5(n+1++n,1,). (2.24)

Here V' and B denote the projections of the vielbein and Kéhler gauge potentials respectively and 1, (_)
projects to the spinor H-chirality +(—). The integers ny are odd from the requirement of a respectable
spinor structure.

The explicit representation of the vielbein connection V' and of B are given by the equations

(=

Vor = —% ) Vas 972 ;
Voo = -5, Vs = <, (2.25)
V03 = (’)" - %)63 5 V12 = (2T+ i)e?’ 5
and
B = 2réd | (2.26)

respectively. The explicit representation of the vielbein is not needed here.

Let us first show that the charged part of the spinor connection couples purely left handedly. Iden-
tifying ¥9 and ¥ as the diagonal (neutral) Lie-algebra generators of SO(4), one finds that the charged
part of the spinor connection is given by

A = 2Vosl} +2Vislz (2.27)
where one have defined
o (Y01 — X23)
L = Q&
2
Yo2 — X
;o= (027213) : (2.28)

Agp, is clearly left handed so that one can perform the identification of the gauge potential as

2(el + ie?
wEt — w (2.29)
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where W# denotes the charged intermediate vector boson.
The covariantly constant curvature tensor is given by

R01:—R23:€0/\61—62/\63,
Rys = —Rg1 =€ ne?2 —e3 Nel |
Ros =49 Aed +2el Ae? |
Ris =29 A e +4del Ne? .

(2.30)

The charged part of the curvature tensor is left handed.
This is to be compared with the Weyl tensor, which defines a representation of quaternionic imaginary
units.

Wos = Wip =213 = 2(e® Aed + el Ae?) |
Wor =Wos =11 = —eONel —e2ned (2.31)
W02:W315I2:—60/\62—63/\61.

The charged part of the Weyl tensor is right-handed and that the relative sign of the two terms in the
curvature tensor and Weyl tensor are opposite.

Consider next the identification of the neutral gauge bosons v and Z° as appropriate linear combina-
tions of the two functionally independent quantities

Yy = — |, (2.32)

appearing in the neutral part of the spinor connection. We show first that the mere requirement that
photon couples vectorially implies the basic coupling structure of the GWS model leaving only the value
of Weinberg angle undetermined.

To begin with let us define

¥y = aX +bY |
7’ = X +dy (2.33)
where the normalization condition
ad—bc=1,

is satisfied. The physical fields v and Z° are related to 4 and Z° by simple normalization factors.
Expressing the neutral part of the spinor connection in term of these fields one obtains

A, = [(C + d)QZog + (2d - 0)2212 + d(n+1+ + TL,].,)]’S/
+ [(a—1)2%03 + (a — 2b)281 —b(nyly +n_1.)]2Z° .
(2.34)
Identifying X152 and Y93 = 1 X 5312 as vectorial and axial Lie-algebra generators, respectively, the
requirement that v couples vectorially leads to the condition
c = —d . (2.35)
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Using this result plus previous equations, one obtains for the neutral part of the connection the expression

Ane = YQem + Z°(I3 — 5in*0y Qo) (2.36)

Here the electromagnetic charge Q.,, and the weak isospin are defined by

(’}’L+1+ + ’I'Lflf)

Qem = 212 + 6 ’
212 _ 203
= &= : (2.37)
2
The fields v and Z° are defined via the relations
= 6dy= 6 (aX +bY)
T Y T ) ’
Z° = 4a+0)Z2°=4X-Y) . (2.38)
The value of the Weinberg angle is given by
3b
n’Oy = — 2.
sin“ Oy ath) (2.39)

and is not fixed completely. Observe that right handed neutrinos decouple completely from the electro-
weak interactions.

The determination of the value of the Weinberg angle is a dynamical problem. The original approach
was based on the assumption that it makes sense to talk about electroweak action defined at fundamental
level and introduce a symmetry breaking by adding an additional term proportional to K&hler action.
The recent view is that Kéhler action plus volume term defines the fundamental action.

The Weinberg angle is completely fixed if one requires that the electroweak action contains no cross
term of type vZ°. This leads to a definite value for the Weinberg angle.

One can however add a symmetry breaking term proportional to Kéhler action and this changes
the value of the Weinberg angle. As a matter fact, color gauge action identifying color gauge field as
proportional to H AJaﬁ is proportional to Kéhler action. A possible interpretation would be as a sum of
electroweak and color gauge interactions.

To evaluate the value of the Weinberg angle one can express the neutral part F),. of the induced gauge
field as

Fne = 2Rp3E® +2R122 +J(nyly +n_1.) | (2.40)
where one has
Roz = 2(2° Ae® +e' Ae?)
Riz = 2(e®Ae®42e' ne?) |
J = 2" neP+el ne?) (2.41)

in terms of the fields v and Z° (photon and Z- boson)

Fre = YQem + Z°(I3 — 5in*01y Qem) (2.42)

ISSN: 2153-8301 Prespacetime Journal Www.prespacetime.com

Published by QuantumDream, Inc.



Prespacetime Journal | December 2023 | Volume 14 | Issue 7 | pp. 681-713 691
Pitkanen, M., Reduction of Standard Model Structure to C' P, Geometry and Other Key Ideas of TGD

Evaluating the expressions above, one obtains for v and Z° the expressions

D 3J—Sin29wR12 5
Z° = 2Ry . (2.43)
For the Kéahler field one obtains
1 . 2 0
J = g(y—i—sm owZ") . (2.44)

Expressing the neutral part of the symmetry broken YM action

Lew = Laym—+ fJ%J0p ,
1
8
Leym = 4g2Tr(Fa F.p) (2.45)

where the trace is taken in spinor representation, in terms of v and Z° one obtains for the coefficient X
of the vZ° cross term (this coefficient must vanish) the expression

_ K _Jp
LT T
K = Tr[Qem(I} — sin®0wQem)] . (2.46)

This parameter can be calculated by substituting the values of quark and lepton charges and weak isospins.
In the general case the value of the coefficient K is given by

(18 + 2n2)sinOw
K = — ! , 2.47
e e
where the sum is over the spinor chiralities, which appear as elementary fermions and n; is the integer
describing the coupling of the spinor field to the Kédhler potential. The cross term vanishes provided the
value of the Weinberg angle is given by

1
sin*Oy = 92 . (2.48)

(fg* +232,(18 + n}))

In the scenario where both leptons and quarks are elementary fermions the value of the Weinberg angle
is given by

9
sin?by = —— . 2.49

The bare value of the Weinberg angle is 9/28 in this scenario, which is not far from the typical value
9/24 of GUTs at high energies [§]. The experimental value at the scale length scale of the electron can
be deduced from the ratio of W and Z boson masses as sinfy = 1 — (my /mz)? ~ .22290. This ratio
and also the weak boson masses depend on the length scale.

If one interprets the additional term proportional to J as color gauge interaction, one can interpret the
value of Weinberg angle as expressing a connection between strong and weak coupling constant evolution.
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The limit f — 0 should correspond to an infinite value of color coupling strength and at this limit one
would have sin?fy, = % for f/g? — 0. Tt is not clear whether this makes sense since the Weinberg angle
is in the standard model much smaller in QCD scale A corresponding roughly to pion mass scale.

In the recent picture the fundamental action is identified as the sum of Kéhler action and volume
term (cosmological constant) and the above argument cannot be used. The Weinberg angle is in principle
predicted by the p-adic coupling constant evolution fixed by the number theoretical vision of TGD.

2.2.2 Discrete symmetries
The treatment of discrete symmetries C, P, and T is based on the following requirements:
1. Symmetries must be realized as purely geometric transformations.

2. Transformation properties of the field variables should be essentially the same as in the conventional
quantum field theories [[] .

The action of the reflection P on spinors of is given by

U — PU=1"94" . (2.50)

in the representation of the gamma matrices for which +° is diagonal. It should be noticed that W and
Z° bosons break parity symmetry as they should since their charge matrices do not commute with the
matrix of P.

The guess that a complex conjugation in CP, is associated with T transformation of the physicist
turns out to be correct. One can verify by a direct calculation that pure Dirac action is invariant under
T realized according to

mt = 7MY,
&= &,
U - Y e1v . (2.51)

The operation bearing closest resemblance to the ordinary charge conjugation corresponds geometri-
cally to complex conjugation in C'Ps:

A
A A = (2.52)

As one might have expected symmetries CP and T are exact symmetries of the pure Dirac action.

3 Induction procedure and many-sheeted space-time

Since the classical gauge fields are closely related in TGD framework, it is not possible to have space-time
sheets carrying only single kind of gauge field. For instance, em fields are accompanied by Z° fields for
extremals of Kéahler action.

Classical em fields are always accompanied by Z° field and some components of color gauge field.
For extremals having homologically non-trivial sphere as a C'P, projection em and Z° fields are the only
non-vanishing electroweak gauge fields. For homologically trivial sphere only W fields are non-vanishing.
Color rotations does not affect the situation.

For vacuum extremals all electro-weak gauge fields are in general non-vanishing although the net
gauge field has U(1) holonomy by 2-dimensionality of the C' P, projection. Color gauge field has U(1)
holonomy for all space-time surfaces and quantum classical correspondence suggest a weak form of color
confinement meaning that physical states correspond to color neutral members of color multiplets.
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3.1 Induction procedure for gauge fields and spinor connection

Induction procedure for gauge potentials and spinor structure is a standard procedure of bundle theory.
If one has embedding of some manifold to the base space of a bundle, the bundle structure can be induced
so that it has as a base space the imbedded manifold, whose points have as fiber the fiber if embedding
space at their image points. In the recent case the embedding of space-time surface to embedding space
defines the induction procedure. The induced gauge potentials and gauge fields are projections of the
spinor connection of the embedding space to the space-time surface. http://tgdtheory.fi/appfigures/
induct. jpg.

Induction procedure makes sense also for the spinor fields of embedding space and one obtains ge-
ometrization of both electroweak gauge potentials and of spinors. The new element is induction of gamma
matrices which gives their projections at space-time surface.

As a matter fact, the induced gamma matrices cannot appear in the counterpart of massless Dirac
equation. To achieve super-symmetry, Dirac action must be replaced with Kéhler-Dirac action for which
gamma matrices are contractions of the canonical momentum currents of Kéhler action with embedding
space gamma matrices. Induced gamma matrices in Dirac action would correspond to 4-volume as action.

Fig. 5. Induction of spinor connection and metric as projection to the space-time surface. http:
//tgdtheory.fi/appfigures/induct. jpg

3.2 Induced gauge fields for space-times for which CP, projection is a geodesic
sphere

If one requires that space-time surface is an extremal of K&hler action and has a 2-dimensional CPy
projection, only vacuum extremals and space-time surfaces for which CPs projection is a geodesic sphere,
are allowed. Homologically non-trivial geodesic sphere correspond to vanishing W fields and homologically
non-trivial sphere to non-vanishing W fields but vanishing v and Z°. This can be verified by explicit
examples.

r = oo surface gives rise to a homologically non-trivial geodesic sphere for which eg and e3 vanish
imply the vanishing of W field. For space-time sheets for which CP5 projection is 7 = oo homologically
non-trivial geodesic sphere of C'P, one has

3 SinQ(Gw) 0 5ZO
=l-— — Z Y —
1= > ) 8

The induced W fields vanish in this case and they vanish also for all geodesic sphere obtained by SU(3)
rotation.

Im(&') = Im (&%) = 0 corresponds to homologically trivial geodesic sphere. A more general represen-
tative is obtained by using for the phase angles of standard complex C'P, coordinates constant values.
In this case e! and e® vanish so that the induced em, Z°, and Kahler fields vanish but induced W fields
are non-vanishing. This holds also for surfaces obtained by color rotation. Hence one can say that for
non-vacuum extremals with 2-D CPs projection color rotations and weak symmetries commute.

3.3 Many-sheeted space-time

TGD space-time is many-sheeted: in other words, there are in general several space-sheets which have
projection to the same M* region. Second manner to say this is that C P, coordinates are many-valued
functions of M* coordinates. The original physical interpretation of many-sheeted space-time time was
not correct: it was assumed that single sheet corresponds to GRT space-time and this obviously leads to
difficulties since the induced gauge fields are expressible in terms of only four embedding space coordinates.

Fig. 6. Illustration of many-sheeted space-time of TGD. http://tgdtheory.fi/appfigures/manysheeted.

jpg
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3.3.1 Superposition of effects instead of superposition of fields

The first objection against TGD is that superposition is not possible for induced gauge fields and induced
metric. The resolution of the problem is that it is effects which need to superpose, not the fields.

Test particle topologically condenses simultaneously to all space-time sheets having a projection to
same region of M* (that is touches them). The superposition of effects of fields at various space-time
sheets replaces the superposition of fields.This is crucial for the understanding also how GRT space-time
relates to TGD space-time, which is also in the appendix of this book).

3.3.2 Wormbhole contacts

Wormbhole contacts are key element of many-sheeted space-time. One does not expect them to be stable
unless there is non-trivial Kahler magnetic flux flowing through then so that the throats look like Kéhler
magnetic monopoles.

Fig. 7. Wormhole contact. http://tgdtheory.fi/appfigures/wormholecontact. jpg

Since the flow lines of Kéhler magnetic field must be closed this requires the presence of another
wormbhole contact so that one obtains closed monopole flux tube decomposing to two Minkowskian pieces
at the two space-time sheets involved and two wormhole contacts with Euclidian signature of the induced
metric. These objects are identified as space-time correlates of elementary particles and are clearly
analogous to string like objects.

3.3.3 The relationship between the many-sheeted space-time of TGD and of GRT space-
time

The space-time of general relativity is single-sheeted and there is no need to regard it as surface in H
although the assumption about representability as vacuum extremal gives very powerful constraints in
cosmology and astrophysics and might make sense in simple situations.

The space-time of GRT can be regarded as a long length scale approximation obtained by lumping
together the sheets of the many-sheeted space-time to a region of M* and providing it with an effective
metric obtained as sum of M* metric and deviations of the induced metrics of various space-time sheets
from M*? metric. Also induced gauge potentials sum up in the similar manner so that also the gauge
fields of gauge theories would not be fundamental fields.

Fig. 8. The superposition of fields is replaced with the superposition of their effects in many-sheeted
space-time. http://tgdtheory.fi/appfigures/fieldsuperpose. jpg

Space-time surfaces of TGD are considerably simpler objects that the space-times of general relativity
and relate to GRT space-time like elementary particles to systems of condensed matter physics. Same
can be said about fields since all fields are expressible in terms of embedding space coordinates and their
gradients, and general coordinate invariance means that the number of bosonic field degrees is reduced
locally to 4. TGD space-time can be said to be a microscopic description whereas GRT space-time a
macroscopic description. In TGD complexity of space-time topology replaces the complexity due to large
number of fields in quantum field theory.

3.3.4 Topological field quantization and the notion of magnetic body

Topological field quantization also TGD from Maxwell’s theory. TGD predicts topological light rays
("massless extremals” (MEs)) as space-time sheets carrying waves or arbitrary shape propagating with
maximal signal velocity in single direction only and analogous to laser beams and carrying light-like
gauge currents in the generi case. There are also magnetic flux quanta and electric flux quanta. The
deformations of cosmic strings with 2-D string orbit as M* projection gives rise to magnetic flux tubes
carrying monopole flux made possible by C' P, topology allowing homological Kahler magnetic monopoles.

Fig. 9. Topological quantization for magnetic fields replaces magnetic fields with bundles of them
defining flux tubes as topological field quanta. http://tgdtheory.fi/appfigures/field. jpg
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The imbeddability condition for say magnetic field means that the region containing constant mag-
netic field splits into flux quanta, say tubes and sheets carrying constant magnetic field. Unless one
assumes a separate boundary term in K&ahler action, boundaries in the usual sense are forbidden except
as ends of space-time surfaces at the boundaries of causal diamonds. One obtains typically pairs of sheets
glued together along their boundaries giving rise to flux tubes with closed cross section possibly carrying
monopole flux.

These kind of flux tubes might make possible magnetic fields in cosmic scales already during primordial
period of cosmology since no currents are needed to generate these magnetic fields: cosmic string would
be indeed this kind of objects and would dominated during the primordial period. Even superconductors
and maybe even ferromagnets could involve this kind of monopole flux tubes.

3.4 Embedding space spinors and induced spinors

One can geometrize also fermionic degrees of freedom by inducing the spinor structure of M* x CP;.

C P, does not allow spinor structure in the ordinary sense but one can couple the opposite H-chiralities
of H-spinors to an n = 1 (n = 3) integer multiple of K&hler gauge potential to obtain a respectable
modified spinor structure. The em charges of resulting spinors are fractional (integer valued) and the
interpretation as quarks (leptons) makes sense since the couplings to the induced spinor connection having
interpretation in terms electro-weak gauge potential are identical to those assumed in standard model.

The notion of quark color differs from that of standard model.

1. Spinors do not couple to color gauge potential although the identification of color gauge potential as
projection of SU(3) Killing vector fields is possible. This coupling must emerge only at the effective
gauge theory limit of TGD.

2. Spinor harmonics of embedding space correspond to triality ¢ = 1 (¢ = 0) partial waves. The
detailed correspondence between color and electroweak quantum numbers is however not correct
as such and the interpretation of spinor harmonics of embedding space is as representations for
ground states of super-conformal representations. The wormhole pairs associated with physical
quarks and leptons must carry also neutrino pair to neutralize weak quantum numbers above the
length scale of flux tube (weak scale or Compton length). The total color quantum numbers or these
states must be those of standard model. For instance, the color quantum numbers of fundamental
left-hand neutrino and lepton can compensate each other for the physical lepton. For fundamental
quark-lepton pair they could sum up to those of physical quark.

The well-definedness of em charge is crucial condition.

1. Although the embedding space spinor connection carries W gauge potentials one can say that the
embedding space spinor modes have well-defined em charge. One expects that this is true for
induced spinor fields inside wormhole contacts with 4-D C'P, projection and Euclidian signature of
the induced metric.

2. The situation is not the same for the modes of induced spinor fields inside Minkowskian region
and one must require that the C'P, projection of the regions carrying induced spinor field is such
that the induced W fields and above weak scale also the induced Z° fields vanish in order to avoid
large parity breaking effects. This condition forces the C'P, projection to be 2-dimensional. For a
generic Minkowskian space-time region this is achieved only if the spinor modes are localized at 2-D
surfaces of space-time surface - string world sheets and possibly also partonic 2-surfaces.

3. Also the Kéhler-Dirac gamma matrices appearing in the modified Dirac equation must vanish in
the directions normal to the 2-D surface in order that Kéahler-Dirac equation can be satisfied. This
does not seem plausible for space-time regions with 4-D C'P, projection.
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4. One can thus say that strings emerge from TGD in Minkowskian space-time regions. In particular,
elementary particles are accompanied by a pair of fermionic strings at the opposite space-time sheets
and connecting wormhole contacts. Quite generally, fundamental fermions would propagate at the
boundaries of string world sheets as massless particles and wormhole contacts would define the
stringy vertices of generalized Feynman diagrams. One obtains geometrized diagrammatics, which
brings looks like a combination of stringy and Feynman diagrammatics.

5. This is what happens in the the generic situation. Cosmic strings could serve as examples about
surfaces with 2-D C' P, projection and carrying only em fields and allowing delocalization of spinor
modes to the entire space-time surfaces.

3.5 About induced gauge fields

In the following the induced gauge fields are studied for general space-time surface without assuming
the preferred extremal property (Bohr orbit property). Therefore the following arguments are somewhat
obsolete in their generality.

3.5.1 Space-times with vanishing em, Z°, or Kihler fields

The following considerations apply to a more general situation in which the homologically trivial geodesic
sphere and extremal property are not assumed. It must be emphasized that this case is possible in TGD
framework only for a vanishing Kéahler field.

Using spherical coordinates (r, 0, ¥, ®) for C' Py, the expression of Kéhler form reads as

2

r re
J ﬁdr A (d¥ + cos(©)dP) + ﬁsm(@)dG ANdD

F = 147%. (3.1)

The general expression of electromagnetic field reads as

2
Fon = (3+ 2p)%dr A (d¥ + cos(©)dd) + (3 + p);—Fsm(@)d@ AdD |
p = sin*(Ow) , (3.2)
where Oy denotes Weinberg angle.

1. The vanishing of the electromagnetic fields is guaranteed, when the conditions

U = kD,

(34 2p)——=(d(r?)/dO)(k + cos(©)) + (3+p)sin(©) =0, (3.3)

r2F

hold true. The conditions imply that C'P, projection of the electromagnetically neutral space-time
is 2-dimensional. Solving the differential equation one obtains

X
r =
1-X 7
E4+u]C
X =D
=l
2
r§ 3+p
u = cos(®) , C=k+cos(0g) , D_l—i—rg , 6_3+2p , (3.4)
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where C' and D are integration constants. 0 < X < 1 is required by the reality of r. r = 0
would correspond to X = 0 giving u = —k achieved only for |k| < 1 and r = co to X = 1 giving
lu+ k| = [(1 +73)/r3)]3+2P)/3+P) achieved only for

1+ r% 3+2p
2

sign(u + k) X | |37 <k+4+1,

)

where sign(z) denotes the sign of .

The expressions for Kéhler form and Z° field are given by

p
= - Xdu A d®
J 3+ 2p [T ,
6
zZ0 = —=J. 3.5
» (3.5)

The components of the electromagnetic field generated by varying vacuum parameters are propor-
tional to the components of the Kéhler field: in particular, the magnetic field is parallel to the
Kéhler magnetic field. The generation of a long range Z° vacuum field is a purely TGD based
feature not encountered in the standard gauge theories.

2. The vanishing of Z° fields is achieved by the replacement of the parameter € with ¢ = 1/2 as becomes
clear by considering the condition stating that Z° field vanishes identically. Also the relationship
Fem =3J = =37 du A d® is useful.

3. The vanishing Kéhler field corresponds to € = 1,p = 0 in the formula for em neutral space-times.
In this case classical em and Z° fields are proportional to each other:

o _ 0 3 _ T or B
Z° = 2 Ne —ﬁ(k—ku)%du/\d@—(kj—i—u)du/\d@ ,
X
T = m s X—D|I€+U| s
vy = —gZO . (3.6)

For a vanishing value of Weinberg angle (p = 0) em field vanishes and only Z° field remains as a
long range gauge field. Vacuum extremals for which long range Z° field vanishes but em field is
non-vanishing are not possible.

3.5.2 The effective form of C'P, metric for surfaces with 2-dimensional C'P, projection

The effective form of the C'P, metric for a space-time having vanishing em,Z% or Kihler field is of
practical value in the case of vacuum extremals and is given by

dr R? . e
ds?;; = (sm(%)2 + 500)dO0° + (soa + 2ksey)dP® = T[s@f@{ d0? + 54 da? |
2 2
59 = XX ) ><1_X+1 X| ,
sif = Xx[Q-X)k+uw?+1-u? , (3.7)

and is useful in the construction of vacuum embedding of, say Schwartchild metric.
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3.5.3 Topological quantum numbers

Space-times for which either em, Z°, or Kéhler field vanishes decompose into regions characterized by six
vacuum parameters: two of these quantum numbers (w; and wq) are frequency type parameters, two (k;
and ko ) are wave vector like quantum numbers, two of the quantum numbers (n; and ng) are integers.
The parameters w; and n; will be referred as electric and magnetic quantum numbers. The existence
of these quantum numbers is not a feature of these solutions alone but represents a much more general
phenomenon differentiating in a clear cut manner between TGD and Maxwell’s electrodynamics.

The simplest manner to avoid surface Kahler charges and discontinuities or infinities in the derivatives
of CP, coordinates on the common boundary of two neighboring regions with different vacuum quantum
numbers is topological field quantization, 3-space decomposes into disjoint topological field quanta, 3-
surfaces having outer boundaries with possibly macroscopic size.

Under rather general conditions the coordinates ¥ and ® can be written in the form

U = woml+ kam?® + no¢ + Fourier expansion ,

® = wym®+ kim?+ nié + Fourier expansion . (3.8)
m®m? and ¢ denote the coordinate variables of the cylindrical M* coordinates) so that one has k =
wa /wy = na/ny = ka/k1. The regions of the space-time surface with given values of the vacuum parameters
w;,k; and n; and m and C are bounded by the surfaces at which space-time surface becomes ill-defined,
say by r > 0 or r < oo surfaces.

The space-time surface decomposes into regions characterized by different values of the vacuum pa-
rameters rg and Og. At r = oo surfaces no,ws and m can change since all values of ¥ correspond to the
same point of C'P,: at 7 = 0 surfaces also n; and w; can change since all values of ® correspond to same
point of C'P;, too. If r = 0 or 7 = 0o is not in the allowed range space-time surface develops a boundary.

This implies what might be called topological quantization since in general it is not possible to find
a smooth global embedding for, say a constant magnetic field. Although global embedding exists it
decomposes into regions with different values of the vacuum parameters and the coordinate u in general
possesses discontinuous derivative at » = 0 and r = oo surfaces. A possible manner to avoid edges of
space-time is to allow field quantization so that 3-space (and field) decomposes into disjoint quanta, which
can be regarded as structurally stable units a 3-space (and of the gauge field). This doesn’t exclude partial
join along boundaries for neighboring field quanta provided some additional conditions guaranteeing the
absence of edges are satisfied.

For instance, the vanishing of the electromagnetic fields implies that the condition

w w
0 = =2__—-9, (3.9)
U») ny
is satisfied. In particular, the ratio we/wq is rational number for the electromagnetically neutral regions
of space-time surface. The change of the parameter n; and ns (w; and wq) in general generates magnetic
field and therefore these integers will be referred to as magnetic (electric) quantum numbers.

4 The relationship of TGD to QFT and string models

The recent view of the relationship of TGD to QFT and string models has developed slowly during years
and it seems that in a certain sense TGD means a return to roots: instead of QFT like description
involving path integral one would have wave mechanics for 3-surfaces.
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4.1 TGD as a generalization of wave mechanics obtained by replacing point-
like particles with 3-surfaces

The first vision of TGD was as a generalization of quantum field theory (string models) obtained by
replacing pointlike particles (strings) as fundamental objects with 3-surfaces.

The later work has revealed that TGD could be seen as a generalization of the wave mechanism based
on the replacement of a point-like particle with 3-D surface. This is due to holography implied by general
coordinate invariance. The definition of the metric of the ”"world of classical worlds” (WCW) must assign
a unique or at least almost unique space-time surface to a given 3-surface. This 4-surface is analogous to
Bohr orbit so that also Bohr orbitology becomes an exact part of quantum physics. The failure of strict
determinism forces to replace 3-surfaces with 4-surfaces and this leads to zero energy ontology (ZEO) in
which quantum states are superpositions of space-time surfaces [[14, 13, [19] [B7, 42].

Fig. 10. TGD replaces point-like particles with 3-surfaces. http://tgdtheory.fi/appfigures/
particletgd. jpg

4.2 Extension of superconformal invariance

The fact that light-like 3-surfaces are effectively metrically 2-dimensional and thus possess generalization
of 2-dimensional conformal symmetries with light-like radial coordinate defining the analog of second com-
plex coordinate suggests that this generalization could work and extend the super-conformal symmetries
to their 4-D analogs.

The boundary 5M_‘f_ = 5% x R,- of 4-D light-cone M_‘f_ is also metrically 2-dimensional and allows
extended conformal invariance. Also the group of isometries of light-cone boundary and of light-like 3-
surfaces is infinite-dimensional since the conformal scalings of S? can be compensated by S2-local scaling
of the light-like radial coordinate of R. These simple facts mean that 4-dimensional Minkowski space and
4-dimensional space-time surfaces are in a completely unique position as far as symmetries are considered.

In fact, this leads to a generalization of the Kac-Moody type symmetries of string models. 5M_‘f_ x CPy
allows huge supersymplectic symmetries for which the radial light-like coordinate of 6Mff_ plays the role of
complex string coordinate in string models. These symmetries are assumed to act as isometries of WCW.

4.3 String-like objects and strings

String like objects obtained as deformations of cosmic strings X2 x Y2, where X? is minimal surface in
M* and Y? a holomorphic surface of C P, are fundamental extremals of Kahler action having string world
sheet as M* projections. Cosmic strings dominate the primordial cosmology of the TGD Universe and the
inflationary period corresponds to the transition to radiation dominated cosmology for which space-time
sheets with 4-D M* projection dominate.

Also genuine string-like objects emerge from TGD. The conditions that the em charge of modes of
induces spinor fields is well-defined requires in the generic case the localization of the modes at 2-D surfaces
-string world sheets and possibly also partonic 2-surfaces. This in Minkowskian space-time regions.

Fig. 11. Well-definedness of em charge forces the localization of induced spinor modes to 2-D surfaces
in generic situations in Minkowskian regions of space-time surface. http://tgdtheory.fi/appfigures/
fermistring. jpg

4.4 TGD view of elementary particles

The TGD based view about elementary particles has two key aspects.

1. The space-time correlates of elementary particles are identified as pairs of wormhole contacts with
Euclidean signature of metric and having 4-D C'P;, projection. Their throats behave effectively as
Kéhler magnetic monopoles so that wormhole throats must be connected by Kéahler magnetic flux
tubes with monopole flux so that closed flux tubes are obtained.
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2. At the level of H Fermion number is carried by the modes of the induced spinor field. In space-time
regions with Minkowski signature the modes are localized at string world sheets connecting the
wormhole contacts.

Fig. 12. TGD view about elementary particles. a) Particle orbit corresponds to a 4-D generalization
of a world line or b) with its light-like 3-D boundary (holography). c¢) Particle world lines have Euclidean
signature of the induced metric. d) They can be identified as wormhole contacts. e) The throats of
wormhole contacts carry effective Kdhler magnetic charges so that wormhole contacts must appear as
pairs in order to obtain closed flux tubes. f) Wormhole contacts are accompanied by fermionic strings
connecting the throats at the same sheet: the strings do not extend inside the wormhole contacts. http:
//tgdtheory.fi/appfigures/elparticletgd. jpg

Particle interactions involve both stringy and QFT aspects.

1. The boundaries of string world sheets correspond to fundamental fermions. This gives rise to
massless propagator lines in generalized Feynman diagrammatics. One can speak of ”long” string
connecting wormhole contacts and having a hadronic string as a physical counterpart. Long strings
should be distinguished from wormhole contacts which due to their super-conformal invariance
behave like ”short” strings with length scale given by CP, size, which is 10* times longer than
Planck scale characterizing strings in string models.

2. Wormhole contact defines basic stringy interaction vertex for fermion-fermion scattering. The prop-
agator is essentially the inverse of the superconformal scaling generator Ly. Wormhole contacts
containing fermion and antifermion at its opposite throats behave like virtual bosons so that one
has BFF type vertices typically.

3. In topological sense one has 3-vertices serving as generalizations of 3-vertices of Feynman diagrams.
In these vertices 4-D ”lines” of generalized Feynman diagrams meet along their 3-D ends. One
obtains also the analogs of stringy diagrams but stringy vertices do not have the usual interpretation
in terms of particle decays but in terms of propagation of particles along two different routes.

Fig. 13. a) TGD analogs of Feynman and string diagrammatics at the level of space-time topology.
b) The 4-D analogs of both string diagrams and QFT diagrams appear but the interpretation of the
analogs stringy diagrams is different. http://tgdtheory.fi/appfigures/tgdgraphs. jpg

5 About the selection of the action defining the Kahler function
of the ”world of classical worlds” (WCW)

The proposal is that space-time surfaces correspond to preferred extremals of some action principle, being
analogous to Bohr orbits, so that they are almost deterministic. The action for the preferred extremal
would define the Kéhler function of WCW [14, 19].

How unique is the choice of the action defining WCW Kéhler metric? The problem is that twistor lift
strongly suggests the identification of the preferred extremals as 4-D surfaces having 4-D generalization of
complex structure and that a large number of general coordinate invariant actions constructible in terms
of the induced geometry have the same preferred extremals.

5.1 Could twistor lift fix the choice of the action uniquely?

The twistor lift of TGD [23] [B7, B8, BY] generalizes the notion of induction to the level of twistor fields
and leads to a proposal that the action is obtained by dimensional reduction of the action having as its
preferred extremals the counterpart of twistor space of the space-time surface identified as 6-D surface in
the product T(M*) x T(CPy) twistor spaces of T(M*) and T(CPz) of M* and CP,. Only M* and CP,
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allow a twistor space with Kéhler structure [4] so that TGD would be unique. Dimensional reduction is
forced by the condition that the 6-surface has S2-bundle structure characterizing twistor spaces and the
base space would be the space-time surface.

1. Dimensional reduction of 6-D Kéhler action implies that at the space-time level the fundamental
action can be identified as the sum of Kahler action and volume term (cosmological constant).
Other choices of the action do not look natural in this picture although they would have the same
preferred extremals.

2. Preferred extremals are proposed to correspond to minimal surfaces with singularities such that
they are also extremals of 4-D Kéhler action outside the singularities. The physical analogue are
soap films spanned by frames and one can localize the violation of the strict determinism and of
strict holography to the frames.

3. The preferred extremal property is realized as the holomorphicity characterizing string world sheets,
which generalizes to the 4-D situation. This in turn implies that the preferred extremals are the
same for any general coordinate invariant action defined on the induced gauge fields and induced
metric apart from possible extremals with vanishing C' P, Kéhler action.

For instance, 4-D Kéhler action and Weyl action as the sum of the tensor squares of the components
of the Weyl tensor of C'P, representing quaternionic imaginary units constructed from the Weyl
tensor of C'P» as an analog of gauge field would have the same preferred extremals and only the
definition of Kéahler function and therefore Kéhler metric of WCW would change. One can even
consider the possibility that the volume term in the 4-D action could be assigned to the tensor
square of the induced metric representing a quaternionic or octonionic real unit.

Action principle does not seem to be unique. On the other hand, the WCW Kéhler form and metric
should be unique since its existence requires maximal isometries.

Unique action is not the only way to achieve this. One cannot exclude the possibility that the Kahler
gauge potential of WCW in the complex coordinates of WCW differs only by a complex gradient of a
holomorphic function for different actions so that they would give the same Kéhler form for WCW. This
gradient is induced by a symplectic transformation of WCW inducing a U(1) gauge transformation. The
Kahler metric is the same if the symplectic transformation is an isometry.

Symplectic transformations of WCW could give rise to inequivalent representations of the theory in
terms of action at space-time level. Maybe the length scale dependent coupling parameters of an effective
action could be interpreted in terms of a choice of WCW Kahler function, which maximally simplifies the
computations at a given scale.

1. The 6-D analogues of electroweak action and color action reducing to Kéhler action in 4-D case
exist. The 6-D analog of Weyl action based on the tensor representation of quaternionic imaginary
units does not however exist. One could however consider the possibility that only the base space
of twistor space T(M?) and T(CP,) have quaternionic structure.

2. Kéahler action has a huge vacuum degeneracy, which clearly distinguishes it from other actions.
The presence of the volume term removes this degeneracy. However, for minimal surfaces having
C P, projections, which are Lagrangian manifolds and therefore have a vanishing induced K&hler
form, would be preferred extremals according to the proposed definition. For these 4-surfaces, the
existence of the generalized complex structure is dubious.

For the electroweak action, the terms corresponding to charged weak bosons eliminate these ex-
tremals and one could argue that electroweak action or its sum with the analogue of color action,
also proportional Kéhler action, defines the more plausible choice. Interestingly, also the neutral
part of electroweak action is proportional to Kahler action.
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Twistor lift strongly suggests that also M* has the analog of Kéhler structure. M® must be complex-
ified by adding a commuting imaginary unit 7. In the E® subspace, the Kihler structure of E* is defined
in the standard sense and it is proposed that this generalizes to M* allowing also generalization of the
quaternionic structure. M* Kéhler structure violates Lorentz invariance but could be realized at the level
of moduli space of these structures.

The minimal possibility is that the M* Kahler form vanishes: one can have a different representation
of the Kahler gauge potential for it obtained as generalization of symplectic transformations acting non-
trivially in M*. The recent picture about the second quantization of spinors of M* x C' P, assumes however
non-trivial Kéhler structure in M*.

5.2 Two paradoxes

TGD view leads to two apparent paradoxes.

1. If the preferred extremals satisfy 4-D generalization of holomorphicity, a very large set of actions
gives rise to the same preferred extremals unless there are some additional conditions restricting
the number of preferred extremals for a given action.

2. WCW metric has an infinite number of zero modes, which appear as parameters of the metric but do
not contribute to the line element. The induced Kéhler form depends on these degrees of freedom.
The existence of the Kéhler metric requires maximal isometries, which suggests that the Kéhler
metric is uniquely fixed apart from a conformal scaling factor €2 depending on zero modes. This
cannot be true: galaxy and elementary particle cannot correspond to the same Kéhler metric.

Number theoretical vision and the hierarchy of inclusions of HFFs associated with supersymplectic
algebra actings as isometries of WeW provide equivalent realizations of the measurement resolution. This
solves these paradoxes and predicts that WCW decomposes into sectors for which Kéhler metrics of WCW
differ in a natural way.

5.2.1 The hierarchy subalgebras of supersymplectic algebra implies the decomposition of
WCW into sectors with different actions

Supersymplectic algebra of 6Mf‘; x C'P, is assumed to act as isometries of WCW [42]. There are also
other important algebras but these will not be discussed now.

1. The symplectic algebra A of 5Mi x CP, has the structure of a conformal algebra in the sense that
the radial conformal weights with non-negative real part, which is half integer, label the elements
of the algebra have an interpretation as conformal weights.

The super symplectic algebra A has an infinite hierarchy of sub-algebras [42] such that the con-
formal weights of sub-algebras A,,(ss) are integer multiples of the conformal weights of the entire
algebra. The superconformal gauge conditions are weakened. Only the subalgebra A,(ss) and the
commutator [A,(gg), A] annihilate the physical states. Also the corresponding classical Noether
charges vanish for allowed space-time surfaces.

This weakening makes sense also for ordinary superconformal algebras and associated Kac-Moody
algebras. This hierarchy can be interpreted as a hierarchy symmetry breakings, meaning that sub-
algebra A, (ss) acts as genuine dynamical symmetries rather than mere gauge symmetries. It is
natural to assume that the super-symplectic algebra A does not affect the coupling parameters of
the action.

2. The generators of A correspond to the dynamical quantum degrees of freedom and leave the induced
Kéhler form invariant. They affect the induced space-time metric but this effect is gravitational
and very small for Einsteinian space-time surfaces with 4-D M* projection.
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The number of dynamical degrees of freedom increases with n(SS). Therefore WCW decomposes
into sectors labelled by n(SS) with different numbers of dynamical degrees of freedom so that their
Kahler metrics cannot be equivalent and cannot be related by a symplectic isometry. They can
correspond to different actions.

5.2.2 Number theoretic vision implies the decomposition of WCW into sectors with dif-
ferent actions

The number theoretical vision leads to the same conclusion as the hierarchy of HFFs. The number
theoretic vision of TGD based on M® — H duality [42] predicts a hierarchy with levels labelled by the
degrees n(P) of rational polynomials P and corresponding extensions of rationals characterized by Galois
groups and by ramified primes defining p-adic length scales.

These sequences allow us to imagine several discrete coupling constant evolutions realized at the level
H in terms of action whose coupling parameters depend on the number theoretic parameters.

1. Coupling constant evolution with respect to n(P)

The first coupling constant evolution would be with respect to n(P).

1. The coupling constants characterizing action could depend on the degree n(P) of the polynomial
defining the space-time region by M® — H duality. The complexity of the space-time surface would
increase with n(P) and new degrees of freedom would emerge as the number of the rational coeffi-
cients of P.

2. This coupling constant evolution could naturally correspond to that assignable to the inclusion
hierarchy of hyperfinite factors of type II; (HFFs). I have indeed proposed [42] that the degree
n(P) equals to the number n(braid) of braids assignable to HFF for which super symplectic algebra
subalgebra A,,(sg) with radial conformal weights coming as n(S.S)-multiples of those of entire algebra
A. One would have n(P) = n(braid) = n(SS). The number of dynamical degrees of freedom
increases with n which just as it increases with n(P) and n(SS).

3. The actions related to different values of n(P) = n(braid) = n(SS) cannot define the same Kéhler
metric since the number of allowed space-time surfaces depends on n(SS).

WCW could decompose to sub-WCWs corresponding to different actions, a kind of theory space.
These theories would not be equivalent. A possible interpretation would be as a hierarchy of effective
field theories.

4. Hierarchies of composite polynomials define sequences of polynomials with increasing values of n(P)
such that the order of a polynomial at a given level is divided by those at the lower levels. The
proposal is that the inclusion sequences of extensions are realized at quantum level as inclusion
hierarchies of hyperfinite factors of type II;.

A given inclusion hierarchy corresponds to a sequence n(SS); such that n(SS); divides n(SS);1.
Therefore the degree of the composite polynomials increases very rapidly. The values of n(SS); can
be chosen to be primes and these primes correspond to the degrees of so called prime polynomials
[40] so that the decompositions correspond to prime factorizations of integers. The ”densest” se-
quence of this kind would come in powers of 2 as n(SS); = 2¢. The corresponding p-adic length
scales (assignable to maximal ramified primes for given n(SS);) are expected to increase roughly
exponentially, say as 22 . r =1 /2 would give a subset of scales 27/2 allowed by the p-adic length
scale hypothesis. These transitions would be very rare.

A theory corresponding to a given composite polynomial would contain as sub-theories the theories
corresponding to lower polynomial composites. The evolution with respect to n(SS) would corre-
spond to a sequence of phase transitions in which the action genuinely changes. For instance, color
confinement could be seen as an example of this phase transition.

ISSN: 2153-8301 Prespacetime Journal Www.prespacetime.com
Published by QuantumDream, Inc.



Prespacetime Journal | December 2023 | Volume 14 | Issue 7 | pp. 681-713 704
Pitkanen, M., Reduction of Standard Model Structure to C' P, Geometry and Other Key Ideas of TGD

5. A subset of p-adic primes allowed by the p-adic length scale hypothesis p ~ 2% defining the proposed
p-adic length scale hierarchy could relate to ng changing phase transition. TGD suggests a hierarchy
of hadron physics corresponding to a scale hierarchy defined by Mersenne primes and their Gaussian
counterparts [[L7, 18]). Each of them would be characterized by a confinement phase transition in
which ng and therefore also the action changes.

2. Coupling constant evolutions with respect to ramified primes for a given value of n(P)

For a given value of n(P), one could have coupling constant sub-evolutions with respect to the set of
ramified primes of P and dimensions n = heys/hg of algebraic extensions. The action would only change
by U(1) gauge transformation induced by a symplectic isometry of WCW. Coupling parameters could
change but the actions would be equivalent.

The choice of the action in an optimal manner in a given scale could be seen as a choice of the most
appropriate effective field theory in which radiative corrections would be taken into account. One can
interpret the possibility to use a single choice of coupling parameters in terms of quantum criticality.

The range of the p-adic length scales labelled by ramified primes and effective Planck constants he s /ho
is finite for a given value of n(SS).

The first coupling constant evolution of this kind corresponds to ramified primes defining p-adic length
scales for given n(SS).

1. Ramified primes are factors of the discriminant D(P) of P, which is expressible as a product of
non-vanishing root differents and reduces to a polynomial of the n coefficients of P. Ramified primes
define p-adic length scales assignable to the particles in the amplitudes scattering amplitudes defined
by zero energy states.

P would represent the space-time surface defining an interaction region in N —-particle scattering.
The N ramified primes dividing D(P) would characterize the p-adic length scales assignable to
these particles. If D(P) reduces to a single ramified prime, one has elementary particle [40], and
the forward scattering amplitude corresponds to the propagator.

This would give rise to a multi-scale p-adic length scale evolution of the amplitudes analogous to
the ordinary continuous coupling constant evolution of n-point scattering amplitudes with respect
to momentum scales of the particles. This kind of evolutions extend also to evolutions with respect
to n(SS).

2. According to [40], physical constraints require that n(P) and the maximum size of the ramified
prime of P correlate.

A given rational polynomial of degree n(P) can be always transformed to a polynomial with integer
coefficients. If the integer coefficients are smaller than n(P), there is an upper bound for the ramified
primes. This assumption also implies that finite fields become fundamental number fields in number
theoretical vision [40].

3. p-Adic length scale hypothesis [36] in its basic form states that there exist preferred primes p ~ 2*
near some powers of 2. A more general hypothesis states that also primes near some powers of 3
possibly also other small primes are preferred physically. The challenge is to understand the origin
of these preferred scales.

For polynomials P with a given degree n(P) for which discriminant D(P) is prime, there exists a
maximal ramified prime. Numerical calculations suggest that the upper bound depends exponen-
tially on n(P).

Could these maximal ramified primes satisfy the p-adic length scale hypothesis or its generalization?
The maximal prime defines a fixed point of coupling constant evolution in accordance with the
earlier proposal. For instance, could one think that one has p ~ 2*, k = n(S5)? Each p-adic prime
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would correspond to a p-adic coupling constant sub-evolution representable in terms of symplectic
isometries.

Also the dimension n of the algebraic extension associated with P, which is identified in terms of
effective Planck constant her¢/ho = n labelling different phases of the ordinary matter behaving like dark
matter, could give rise to coupling constant evolution for given n(SS). The range of allowed values of n
is finite. Note however that several polynomials of a given degree can correspond to the same dimension
of extension.

5.2.3 Number theoretic discretization of WCW and maxima of WCW Kaéahler function

Number theoretic approach involves a unique discretization of space-time surface and also of WCW. The
question is how the points of the discretized WCW correspond to the preferred extremals.

1. The exponents of Kédhler function for the maxima of K&hler function, which correspond to the
universal preferred extremals, appear in the scattering amplitudes. The number theoretical approach
involves a unique discretization of space-time surfaces defining the WCW coordinates of the space-
time surface regarded as a point of WCW.

In [42] it is assumed that these WCW points appearing in the number theoretical discretization cor-
respond to the maxima of the Kéhler function. The maxima would depend on the action and would
differ for ghd maxima associated with different actions unless they are not related by symplectic
WCW isometry.

2. The symplectic transformations of WCW acting as isometries are assumed to be induced by the
symplectic transformations of 6Mjl_ x CPy [14, 13]. As isometries they would naturally permute the
maxima with each other.

6 Number theoretic vision of TGD

Physics as number theory vision is complementary to the physics as geometry vision and has developed
gradually since 1993. Langlands program is the counterpart of this vision in mathematics [41].

The notion of p-adic number fields emerged with the motivation coming from the observation that
elementary particle mass scales and mass ratios could be understood in terms of the so-called p-adic
length scale hypothesis [[16, 15, [12]. The fusion of the various p-adic physics leads to what I call adelic
physics [25, 26]. Later the hypothesis about hierarchy of Planck constants labelling phases of ordinary
matter behaving like dark matter emerged [20, 21, 22, 22].

Eventually this led to that the values of effective Planck constant could be identified as the dimension
of an algebraic extension of rationals assignable to polynomials with rational coefficients. This led to
the number theoretic vision in which so-called M® — H duality [32, B3] plays a key role. M® (actually a
complexification of real M?®) is analogous to momentum space so that the duality generalizes momentum
position duality for point-like particles. M® has an interpretation as complexified octonions.

The dynamics of 4-surfaces in M?® is coded by polynomials with rational coefficients, whose roots
define mass shells H? of M* C M8. It has turned out that the polynomials satisfy stringent additional
conditions and one can speak of number theoretic holography [40, 41]. Also the ordinary 3— 4 holography
is needed to assign 4-surfaces with these 3-D mass shells. The number theoretic dynamics is based on
the condition that the normal space of the 4-surface in M3 is associative (quaternionic) and contains a
commutative complex sub-space. This makes it possible to assign to this surface space-time surface in
H=M*xCP,.

At the level of H the space-time surfaces are by holography preferred extremals and are assumed to
be determined by the twistor lift of TGD [23] giving rise to an action which is sum of the Kéhler action
and volume term. The preferred extremals would be minimal surfaces analogous to soap films spanned
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by frames. Outside frames they would be simultaneous extremals of the Kahler action, which requires a
generalization of the holomorphy characterizing string world sheets.
In the following only p-adic numbers and hierarchy of Planck constants will be discussed.

6.1 Hierarchy of Planck constants and dark matter hierarchy

Hierarchy of Planck constants was motivated by the ”impossible” quantal effects of ELF em fields on
vertebrate cyclotron energies E = hf = fi x eB/m are above thermal energy is possible only if / has value
much larger than its standard value. Also Nottale’s finding that planetary orbits migh be understood as
Bohr orbits for a gigantic gravitational Planck constant.

Hierachy of Planck constant would mean that the values of Planck constant come as integer multiples
of ordinary Planck constant: h.fs = n x h. The particles at magnetic flux tubes characterized by hef¢
would correspond to dark matter which would be invisible in the sense that only particle with same value
of hesy appear in the same vertex of Feynman diagram.

Hierarchy of Planck constants would be due to the non-determism of the Kéahler action predicting huge
vacuum degeneracy allowing all space-time surfaces which are sub-manfolds of any M* x Y2, where Y2
is Lagrangian sub-manifold of C'P,. For agiven Y2 one obtains new manifolds Y2 by applying symplectic
transformations of CPs.

Non-determinism would mean that the 3-surface at the ends of causal diamond (CD) can be connected
by several space-time surfaces carrying same conserved Kéhler charges and having same values of Kéhler
action. Conformal symmetries defined by Kac-Moody algebra associated with the embedding space
isometries could act as gauge transformations and respect the light-likeness property of partonic orbits
at which the signature of the induced metric changes from Minkowskian to Euclidian (Minkowskianb
space-time region transforms to wormhole contact say). The number of conformal equivalence classes of
these surfaces could be finite number n and define discrete physical degree of freedom and one would have
hefs =mn x h. This degeneracy would mean ”second quantization” for the sheets of n-furcation: not only
one but several sheets can be realized.

This relates also to quantum criticality postulated to be the basic characteristics of the dynamics of
quantum TGD. Quantum criticalities would correspond to an infinite fractal hierarchy of broken confor-
mal symmetries defined by sub-algebras of conformal algebra with conformal weights coming as integer
multiples of n. This leads also to connections with quantum criticality and hierarchy of broken confor-
mal symmetries, p-adicity, and negentropic entanglement which by consistency with standard quantum
measurement theory would be described in terms of density matrix proportional n x n identity matrix
and being due to unitary entanglement coefficients (typical for quantum computing systems).

Formally the situation could be described by regarding space-time surfaces as surfaces in singular n-
fold singular coverings of embedding space. A stronger assumption would be that they are expressible as
as products of n; -fold covering of M* and ns-fold covering of C P, meaning analogy with multi-sheeted
Riemann surfaces and that M* coordinates are ni-valued functions and CP, coordinates ms -valued
functions of space-time coordinates for n = ny x ny. These singular coverings of embedding space form
a book like structure with singularities of the coverings localizable at the boundaries of causal diamonds
defining the back of the book like structure.

Fig. 14. Hierarchy of Planck constants. http://tgdtheory.fi/appfigures/planckhierarchy. jpg

6.2 M?® — H duality

The view of M® — H duality has changed considerably towards the end 2021 [37] after the realization
that this duality is the TGD counterpart of momentum position duality of wave mechanics, which is lost
in QFTs. Therefore M?® and also space-time surface is analogous to momentum space. This forced us to
give up the original simple identification of the points M* C M* x E* = M?® and of M* x C'P; so that it
respects Uncertainty Principle (UP).
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The first improved guess for the duality map was the replacement with the inversion p* — mF =
hef fpk /p? conforming in_spirit with UP but turned out to be too naive.

The improved form [37] of the M® — H duality map takes mass shells p*> = m? of M* C M?® to cds
with size L(m) = ficyy/m with a common center. The slicing by mass shells is mapped to a Russian doll
like slicing by cds. Therefore would be no CDs in M?® contrary to what I believed first.

Quantum classical correspondence (QCC) inspires the proposal that the point p* € M?® is mapped to
a geodesic line corresponding to momentum p* starting from the common center of cds. Its intersection
with the opposite boundary of c¢d with size L(m) defines the image point. This is not yet quite enough
to satisfy UP but the additional details [37] are not needed in the sequel.

The 6-D brane-like special solutions in M?® are of special interest in the TGD inspired theory of
consciousness. They have an M* projection which is E = E, 3-ball. Here E,, is a root of the real
polynomial P defining X* C M$ (M?® is complexified to M) as a "root” of its octonionic continuation
B2, B3]. E, has an interpretation as energy, which can be complex. The original interpretation was as
moment of time. For this interpretation, M® — H duality would be a linear identification and these hyper
planes would be mapped to hyperplanes in M* C H. This motivated the term “very special moment in
the life of self” for the image of the E = E,, section of X* C M?® [29]. This notion does not make sense
at the level M8 anymore.

The modified M®— H duality forces us to modify the original interpretation [37]. The point (E,,p = 0)
is mapped (¢, = hess/En,0). The momenta (E,,p) in E = E,, plane are mapped to the boundary of cd
and correspond to a continuous time interval at the boundary of CD: "very special moment” becomes a
”very special time interval”.

The quantum state however corresponds to a set of points corresponding to quark momenta, which
belong to a cognitive representation and are therefore algebraic integers in the extension determined by
the polynomial. These active points in F,, are mapped to a discrete set at the boundary of cd(m). A
"very special moment” is replaced with a sequence of "very special moments”.

So called Galois confinement [34] forces the total momenta for bound states of quarks and antiquarks
to be rational integers invariant under Galois group of extension of rationals determined by the polynomial
P [B7]. These states correspond to states at boundaries of sub-CDs so that one obtains a hierarchy. Galois
confinement provides a universal number theoretic mechanism for the formation of bound states.

7 Zero energy ontology (ZEO)

ZEOQ is implied by the holography forced in the TGD framework by general coordinate invariance.

7.1 Basic motivations and ideas of ZEO

The following gives a brief summary of ZEO [B1] [24].

1. In ZEO quantum states are not 3-dimensional but superpositions of 4-dimensional deterministic
time evolutions connecting ordinary initial 3-dimensional states. By holography they are equivalent
to pairs of ordinary 3-D states identified as initial and final states of time evolution. One can say
that in the TGD framework general coordinate invariance implies holography and the slight failure
of its determinism in turn forces ZEO.

Quantum jumps replace this state with a new one: a superposition of deterministic time evolutions
is replaced with a new superposition. Classical determinism of individual time evolution is not
violated and this solves the basic paradox of quantum measurement theory. There are two kinds
of quantum jumps: ordinary (”big”) state function reductions (BSFRs) changing the arrow of time
and "small” state function reductions (SSFRs) (weak measurements) preserving it and giving rise
to the analog of Zeno effect [B1].

2. To avoid getting totally confused it is good to emphasize some aspects of ZEO.
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(a) ZEO does not mean that physical states in the usual 3-D sense as snapshots of time evolution
would have zero energy state pairs defining zero energy states as initial and final states have
same conserved quantities such as energy. Conservation implies that one can adopt the con-
ventions that the values of conserved quantities are opposite for these states so that their sum
vanishes: one can think that incoming and outgoing particles come from geometric past and
future is the picture used in quantum field theories.

(b) ZEO means two times: subjective time as sequence of quantum jumps and geometric time as
space-time coordinate. These times are identifiable but are strongly correlated.

3. In BSFRs the arrow of time is changed and the time evolution in the final state occurs backwards
with respect to the time of the external observer. BSFRs can occur in all scales since TGD predicts
a hierarchy of effective Planck constants with arbitrarily large values. There is empirical support
for BSFRs.

(a) The findings of Minev et al [§] in atomic scale can be explained by the same mechanism
7. In BSFR a final zero energy state as a superposition of classical deterministic time
evolutions emerges and for an observer with a standard arrow of time looks like a superposition
of deterministic smooth time evolutions leading to the final state. Interestingly, once this
evolution has started, it cannot be stopped unless one changes the stimulus signal inducing
the evolution in which case the process does not lead to anywhere: the interpretation would
be that BSFR back to the initial state occurs!

(b) Libets’ experiments about active aspects of consciousness [L1] can be understood. Subject
person raises his finger and neural activity starts before the conscious decision to do so. In
the physicalistic framework it is thought to lead to raising of the finger. The problem with
the explanation is that the activity beginning .5 seconds earlier seems to be dissipation with
a reversed arrow of time: from chaotic and disordered to ordered at around .15 seconds. ZEO
explanation is that macroscopic quantum jump occurred and generated a signal proceeding
backwards in time and generated neural activity and dissipated to randomness.

(c¢) Earthquakes involve a strange anomaly: they are preceded by ELF radiation. One would expect
that they generate ELF radiation. The identification as BSFR would explain the anomaly [2§].
In biology the reversal of the arrow of time would occur routinely and be a central element of
biological self-organization, in particular self-organized quantum criticality (see [30, 43].

7.2 Some implications of ZEO

ZEO has profound implications for understanding self-organization and self-organized quantum criticality
in terms of dissipation with non-standard arrow of time looking like generation of structures [30, 43]. ZEO
could also allow understanding of what planned actions - like realizing the experiment under consideration
- could be.

1. Second law in the standard sense does not favor - perhaps even not allow - realization of planned
actions. ZEQO forces a generalization of thermodynamics: dissipation with a non-standard arrow of
time for a subsystem would look like self-organization and planned action and its realization.

Could most if not all planned action be like this - induced by BSFR in the geometric future and only
apparently planned? There would be however the experience of planning and realizing induced by
the signals from geometric future by a higher level in the hierarchy of conscious entities predicted by
TGD! In long time scales we would be realizing our fates or wishes of higher level conscious entities
rather than agents with completely free will.

2. The notion of magnetic body (MB) serving as a boss of ordinary matter would be central. MB
carries dark matter as hers = nho phases of ordinary matter with n serving as a measure for
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algebraic complexity of extension of rationals as its dimension and defining a kind of universal 1Q.
There is a hierarchy of these phases and MBs labelled by extension of rationals and the value of n.

MBs would form a hierarchy of bosses - a realization for master slave hierarchy. Ordinary matter
would be at the bottom and its coherent behavior would be induced from quantum coherence at
higher levels. BSFR for higher level MB would give rise to what looks like planned actions and
experienced as planned action at the lower levels of hierarchy. One could speak of planned actions
inducing a cascade of planned actions in shorter time scales and eventually proceeding to atomic
level.

8 Some notions relevant to TGD inspired consciousness and
quantum biology

Below some notions relevant to TGD inspired theory of consciousness and quantum biology.

8.1 The notion of magnetic body

Topological field quantization inspires the notion of field body about which magnetic body is especially
important example and plays key role in TGD inspired quantum biology and consciousness theory. This
is a crucial departure fromt the Maxwellian view. Magnetic body brings in third level to the description
of living system as a system interacting strongly with environment. Magnetic body would serve as
an intentional agent using biological body as a motor instrument and sensory receptor. EEG would
communicated the information from biological body to magnetic body and Libet’s findings from time
delays of consciousness support this view.

The following pictures illustrate the notion of magnetic body and its dynamics relevant for quantum
biology in TGD Universe.

Fig. 15. Magnetic body associated with dipole field. http://tgdtheory.fi/appfigures/fluxquant.
jpg

Fig. 16. Illustration of the reconnection by magnetic flux loops. http://tgdtheory.fi/appfigures/
reconnectl. jpg

Fig. 17. Illustration of the reconnection by flux tubes connecting pairs of molecules. http://
tgdtheory.fi/appfigures/reconect2. jpg

Fig. 18. Flux tube dynamics. a) Reconnection making possible magnetic body to "recognize” the
presence of another magnetic body, b) braiding, knotting and linking of flux tubes making possible
topological quantum computation, ¢) contraction of flux tube in phase transition reducing the value
of hers allowing two molecules to find each other in dense molecular soup. http://tgdtheory.fi/
appfigures/fluxtubedynamics. jpg

8.2 Number theoretic entropy and negentropic entanglement

TGD inspired theory of consciousness relies heavily p-Adic norm allows an to define the notion of Shannon
entropy for rational probabilities (and even those in algebraic extension of rationals) by replacing the
argument of logarithm of probability with its p-adic norm. The resulting entropy can be negative and the
interpretation is that number theoretic entanglement entropy defined by this formula for the p-adic prime
minimizing its value serves as a measure for conscious information. This negentropy characterizes two-
particle system and has nothing to do with the formal negative negentropy assignable to thermodynamic
entropy characterizing single particle. Negentropy Maximization Principle (NMP) implies that number
theoretic negentropy increases during evolution by quantum jumps. The condition that NMP is consistent

ISSN: 2153-8301 Prespacetime Journal Wwww.prespacetime.com

Published by QuantumDream, Inc.


http://tgdtheory.fi/appfigures/fluxquant.jpg
http://tgdtheory.fi/appfigures/fluxquant.jpg
http://tgdtheory.fi/appfigures/reconnect1.jpg
http://tgdtheory.fi/appfigures/reconnect1.jpg
http://tgdtheory.fi/appfigures/reconect2.jpg
http://tgdtheory.fi/appfigures/reconect2.jpg
http://tgdtheory.fi/appfigures/fluxtubedynamics.jpg
http://tgdtheory.fi/appfigures/fluxtubedynamics.jpg

Prespacetime Journal | December 2023 | Volume 14 | Issue 7 | pp. 681-713 710
Pitkanen, M., Reduction of Standard Model Structure to C' P, Geometry and Other Key Ideas of TGD

with the standard quantum measurement theory requires that negentropic entanglement has a density
matrix proportional to unit matrix so that in 2-particle case the entanglement matrix is unitary.

Fig. 19. Schrodinger cat is neither dead or alive. For negentropic entanglement this state would be
stable. http://tgdtheory.fi/appfigures/cat. jpg

8.3 Life as something residing in the intersection of reality and p-adicities

In TGD inspired theory of consciousness p-adic space-time sheets correspond to space-time correlates for
thoughts and intentions. The intersections of real and p-adic preferred extremals consist of points whose
coordinates are rational or belong to some extension of rational numbers in preferred embedding space
coordinates. They would correspond to the intersection of reality and various p-adicities representing
the "mind stuff” of Descartes. There is temptation to assign life to the intersection of realities and p-
adicities. The discretization of the chart map assigning to real space-time surface its p-adic counterpart
would reflect finite cognitive resolution.

At the level of WCW the intersection of reality and various p-adicities would correspond to space-
time surfaces (or possibly partonic 2-surfaces) representable in terms of rational functions with polynomial
coeflicients with are rational or belong to algebraic extension of rationals.

The quantum jump replacing real space-time sheet with p-adic one (vice versa) would correspond to
a buildup of cognitive representation (realization of intentional action).

Fig. 20. The quantum jump replacing real space-time surface with corresponding p-adic manifold
can be interpreted as formation of though, cognitive representation. Its reversal would correspond to a
transformation of intention to action. http://tgdtheory.fi/appfigures/padictoreal. jpg

8.4 Sharing of mental images

The 3-surfaces serving as correlates for sub-selves can topologically condense to disjoint large space-time
sheets representing selves. These 3-surfaces can also have flux tube connections and this makes possible
entanglement of sub-selves, which unentangled in the resolution defined by the size of sub-selves. The
interpretation for this negentropic entanglement would be in terms of sharing of mental images. This
would mean that contents of consciousness are not completely private as assumed in neuroscience.

Fig. 21. Sharing of mental images by entanglement of subselves made possible by flux tube connections
between topologically condensed space-time sheets associated with mental images. http://tgdtheory.
fi/appfigures/sharing. jpg

8.5 Time mirror mechanism

Zero energy ontology (ZEQO) is crucial part of both TGD and TGD inspired consciousness and leads to
the understanding of the relationship between geometric time and experience time and how the arrow
of psychological time emerges. One of the basic predictions is the possibiity of negative energy signals
propagating backwards in geometric time and having the property that entropy basically associated with
subjective time grows in reversed direction of geometric time. Negative energy signals inspire time mirror
mechanism (see Fig. 22 http://tgdtheory.fi/appfigures/timemirror. jpg) providing mechanisms of
both memory recall, realization of intentational action initiating action already in geometric past, and
remote metabolism. What happens that negative energy signal travels to past and is reflected as positive
energy signal and returns to the sender. This process works also in the reverse time direction.

Acknowledgements: I am grateful for Dainis Zeps for enlightnening discussions concerning C P,
geometry.
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