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Abstract
This article represents a vision about how DNA might act as a topological quantum computer (tqc). Tqc means that the braidings of braid
strands define tqc programs and S-matrix defining the entanglement between states assignable to the end points of strands define the tqc usually
coded as unitary time evolution for Schrödinger equation. One can ends
up to the model in the following manner.
a) Darwinian selection for which the standard theory of self-organization
provides a model, should apply also to tqc programs. Tqc programs should
correspond to asymptotic self-organization patterns selected by dissipation in the presence of metabolic energy feed. The spatial and temporal
pattern of the metabolic energy feed characterizes the tqc program - or
equivalently - sub-program call.
b) Since braiding characterizes the tqc program, the self-organization
pattern should correspond to a hydrodynamical flow or a pattern of magnetic field inducing the braiding. Braid strands must correspond to magnetic flux tubes of the magnetic body of DNA. If each nucleotide is
transversal magnetic dipole it gives rise to transversal flux tubes, which
can also connect to the genome of another cell. As a matter fact, the flux
tubes would correspond to what I call wormhole magnetic fields having
pairs of space-time sheets carrying opposite magnetic fluxes.
c) The output of tqc sub-program is probability distribution for the
outcomes of state function reduction so that the sub-program must be
repeated very many times. It is represented as four-dimensional patterns
for various rates (chemical rates, nerve pulse patterns, EEG power distributions,...) having also identification as temporal densities of zero energy
states in various scales. By the fractality of TGD Universe there is a
hierarchy of tqcs corresponding to p-adic and dark matter hierarchies.
Programs (space-time sheets defining coherence regions) call programs in
shorter scale. If the self-organizing system has a periodic behavior each
tqc module defines a large number of almost copies of itself asymptotically. Generalized EEG could naturally define this periodic pattern and
each period of EEG would correspond to an initiation and halting of tqc.
This brings in mind the periodically occurring sol-gel phase transition inside cell near the cell membrane. There is also a connection with hologram
idea: EEG rhythm corresponds to reference wave and nerve pulse patters
to the wave carrying the information and interfering with the reference
wave.
d) Fluid flow must induce the braiding which requires that the ends
of braid strands must be anchored to the fluid flow. Recalling that lipid
mono-layers of the cell membrane are liquid crystals and lipids of interior
mono-layer have hydrophilic ends pointing towards cell interior, it is easy
to guess that DNA nucleotides are connected to lipids by magnetic flux
tubes and hydrophilic lipid ends are stuck to the flow.
e) The topology of the braid traversing cell membrane cannot be affected by the hydrodynamical flow. Hence braid strands must be split
during tqc. This also induces the desired magnetic isolation from the
environment. Halting of tqc reconnects them and make possible the communication of the outcome of tqc.
There are several problems related to the details of the realization.
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a) How nucleotides A,T,C,G are coded to the strand color and what
this color corresponds to physically? The prediction that wormhole contacts carrying quark and anti-quark at their ends appear in all length
scales in TGD Universe resolves the problem.
b) How to split the braid strands in a controlled manner? High Tc
super conductivity provides the mechanism: braid strand can be split only
if the supra current flowing through it vanishes. A suitable voltage pulse
induces the supra-current and its negative cancels it. The conformation
of the lipid controls whether it it can follow the flow or not.
c) How magnetic flux tubes can be cut without breaking the conservation of the magnetic flux? The notion of wormhole magnetic field saves the
situation now: after the splitting the flux returns back along the second
space-time sheet of wormhole magnetic field.
The model makes several testable predictions about DNA itself. In
particular, matter-antimatter asymmetry and slightly broken isospin symmetry have counterparts at DNA level induced from the breaking of these
symmetries for quarks and antiquarks associated with the flux tubes.
DNA cell membrane system is not the only possible system that could
perform tqc like activities and store memories in braidings: wormhole
magnetic flux tubes could connect biomolecules and the braiding could
provide an almost definition for what it is to be living. Even water memory might reduce to braidings.
The model leads also to an improved understanding of other roles of the
magnetic flux tubes containing dark matter. Phase transitions changing
the value of Planck constant for the magnetic flux tubes could be key element of bio-catalysis and electromagnetic long distance communications
in living matter. For instance, one ends up to what might be called code
for protein folding and biocatalysis. There is also a fascinating connection
with Peter Gariaev’s work suggesting that the phase transitions changing
Planck constant have been observed and wormhole magnetic flux tubes
containing dark matter have been photographed in his experiments.
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Introduction

Depending on one’s attitudes, the anomalies of the fluctuation spectrum of the
cosmic microwave background (CMB) can be seen as a challenge for people
analyzing the experiments or that of the inflationary scenario. I do not pretend
to be deeply involved with CMB. What interests me is whether the replacement
of inflation with quantum criticality and h̄ changing phase transitions could
provide fresh insights about fluctuations and the anomalies of CMB. In the
following I try first to explain to myself what the anomalies are and after that
I will consider some TGD inspired crazy (as always) ideas. My motivations for
commuting these ideas are indeed strong: the consideration of the anomalies
led to a generalization of the notion of conformal QFT to what might be called
symplectic QFT having very natural place also in quantum TGD proper.
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2

CMB and its anomalies

2.1

Background

Consider first some background.
1. The fluctuations of CMB reflect directly the fluctuations of energy density
(acoustic waves) responsible for the formation of various structures: this
follows from the proportionality ρ ∝ T 4 : one has ∆T /T ∝ ∆ρ/ρ ∝ Φ, Φ is
gravitational potential created by the density fluctuations. The spectrum
reflects the situation as thermal photons decoupled from matter and the
matter became transparent to photons. The radiation comes from the
sphere of last scattering S 2 , which corresponds to the setting on of transparency and only Thomson scattering can affect the radiation after that
time. For short angular distances the 2-point correlation functions at S 2
for the fluctuations are suppressed: this is due to a rapid increase of photon free path during the transition making possible exponential damping
of the fluctuations of energy density for angular separation θ < 1 degree
at which the amplitude is maximum. Quite generally, at the maxima of
correlation function the photons almost decouple from the acoustic fluctuations.
2. The analysis of fluctuation spectrum of CMB in general relativistic context requires a solution of Einstein’s equations for small perturbations of
Robertson Walker metric in presence of matter. It is convenient to decompose the perturbation of the metric Robertson-Walker coordinates using
representations of rotation group [4]. The perturbation of gtt is scalar, the
perturbation of gti decomposes to a gradient of a scalar and rotor of a vector, and the perturbation of gij corresponds to a scaling of the 3-metric
represented by a scalar, double gradient of scalar, and genuinely tensorial part corresponding to classical gravitational radiation. From the four
scalar modes two can be eliminated as mere coordinate changes without
actual physical content. It is believed that only the scalar perturbations
and tensor perturbation are significant. For the WMAP data only scalar
perturbations matter.
3. Scalar fluctuations can be divided to two classes. For adiabatic fluctuations the fluctuation of the energy density for a given particle species
is proportional to the energy density associated with the species with
a common constant of proportionality. When curvature scalar vanishes
these fluctuations do not affect the curvature scalar. Inflationary scenario
predicts adiabaticity. For iso-curvature fluctuations the sum of the fluctuations associated with different particles vanishes: cosmic strings predict
this kind of spectrum. The detailed spectrum of the peaks for 2-point
correlation functions is consistent with adiabaticity and excludes cosmic
strings in sense of GUTs.
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4. The predictions of the inflationary scenario follow from the assumption
that fluctuations correspond to primordial quantum fluctuations of inflaton field which expanded with an exponential rate to macroscopic fluctuations during the inflationary period. The spectrum of perturbations
is assumed to be Gaussian and to obey approximate scale invariance [1].
Gaussianity holds true in 3-D momentum space and states that correlation function for the fluctuations of the energy density is proportional
to 3-D delta function in momentum space. In other words, the Fourier
components of the density perturbation are statistically independent. The
coefficient of delta function can depend on the magnitude of 3-momentum.
For exact scale invariance it would be constant. This invariance is however
broken and the multiplying function is a power k 1−ns of the length of the
wave vector, where ns is so called spectral index. Spectral index has been
deduced from WMAP data been measured and differs slightly from unity:
ns = .960 ± .0014. Gaussian distribution contains as a free parameter the
scale r of the perturbations and the observed amplitude r = ∆T /T ' 10−5
of fluctuations would reflect primordial initial conditions in energy scale
about 10−3 times Planck mass, which has interpretation as gauge unification scale in GUTs. I am not sure whether the theories can really predict
the value of r.

2.2

Anomalies CMB

There are several anomalies associated with CMB corresponding to the power
spectrum of fluctuations and 2-point correlation function as a function of the
angle difference θ between points of the sphere of last scattering. There is also
some evidence for the failure of Gaussianity reflecting itself as a non-vanishing
of 3-point correlation functions.
Consider first fluctuation spectrum, or formally 1-point correlation functions
for what is essentially gravitational potential due to fluctuations in Newtonian
gauge.
1. There is dipole term in the spectrum identifiable in terms of motion of the
galaxy cluster containing Milky Way relative to the reference frame of the
CMB. The cluster appears to be moving with velocity 627 ± 22 km/s in
the direction of galactic longitude (l = 264.4, b = 48.4) degrees [2].
2. Hemispherical power asymmetry [6] means that the amplitude of the fluctuations is not same at the opposite sides of the galactic plane (rather near
to ecliptic plane): the difference in the amplitude is about 10 per cent.
This does not mean that the mean value of temperature would differ at
the opposite sides. The anomaly can be parameterized by a deviation of
the amplitude from constant by an additive dipole term of amplitude .114
and in the direction (l,b)= (225,-27) degrees in galactic coordinates. Freeman suggest that the asymmetry can be eliminated for l ≤ 8 by a slight
modification of the CMB dipole [5]. In the average sense this might hold
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true since dipole term has odd parity. The temperature fluctuations are
also stronger in southern than northern galactic hemisphere and there is a
peculiar cold spot at southern hemisphere. Dipole term cannot eliminate
this kind of anomalies. One might hope that the elimination of the galactic
foreground - when done properly - might eliminate this asymmetry. The
subtraction of the contribution from the galactic plane affects in the first
approximation only the even harmonics: this would affect the interference
pattern between even and odd harmonics.
3. There is also an anomaly christened as axis of evil.
i) One can assign to the l:th contribution a unique axis maximizing angular
momentum dispersion and these directions turn out to be very near to
each other for l = 2 and l = 3 contributions [9]. De Oliveiro Costa et
al noticed that this anomaly could be understood if the Universe has a
compact direction in this direction of size of order horizon radius. This
explanation is ruled out by other tests, including the absence of matched
circles. The modification of the contribution from galactic plane would
affect the direction assignable to l = 2 harmonic but would not affect
considerably l = 3 contribution. Hence this effect might be due a wrong
subtraction.
ii) The contribution from the harmonics with angular momentum l can
be characterized in terms of l unit vectors: what one does is essentially
expression of the contribution as a product of the direction cosines between
radial unit vector and l unit vectors [7]. l = 2 harmonics defined two
vectors of this kind and their cross product defines what is called an area
vector. For l = 3 there are three vectors of this kind and one can define
three area vectors. It turns out that the planes defined by l = 2 area
vector and two l = 3 area vectors are very near to each other and nearly
orthogonal to the plane of ecliptic (and thus also galactic plane). These
vectors are in reasonable approximation in galactic plane and aligned with
the direction of CMB dipole whereas the direction. The direction of the
third l = 3 area vector deviates about 10 degrees from the normal of the
galactic plane.
Again the smallness of l = 2 contribution raises the question whether the
dipole correction and galactic foreground subtraction are done properly.
Freeman and collaborators [5] have proposed that a proper subtraction of
CMB dipole might allow to get rid of this anomaly. According to [8] this is
probably not possible. In the case of l = 3 harmonics galactic subtraction
affecting only even harmonics should not have any appreciable effect. The
presence of cold spot near Galactic center and hot spot near Gum Nebula,
both in the galactic plane, could also relate to the fact that the area vector
is aligned with galactic plane.
Consider next two-point correlation functions.
1. The function C(θ) is obtained by averaging the fluctuations for all pairs
6

of points at the sphere of last scattering separated by angle θ. C(θ) with
galactic cutoff vanishes for θ > 60 degrees the correlation function vanishes
in good approximation [8]. There is also a strange finding[12] suggesting
a strong correlation between the fluctuation spectrum and 2-point correlation function. Large scale cutoff of C(θ) in the full-sky maps without
galactic cutoff is absent while cut-sky maps with the galactic contribution
masked are anomalous. The galactic cut is also almost equivalent with the
masking of the cold and hot spot assignable to the galactic plane. Accepting the hot and cold spots in the galactic plane as real would give large
scale correlations of 2-point correlation functions and vice versa. Also the
subtraction of the anomalous quadrupole and octopole contributions from
the 1-point correlation function brings back the large scale power. It is
also essential that the multipole vectors of these contributions are nearly
parallel. Hence it seems that one can choose between two evils: either the
power cutoff at large scales or the axis of evil.
2. For low l harmonics statistical isotropy assumption fails [8]. This means
that the correlation functions halm al1 ,−m1 i in the expansion of ∆T in
terms of spherical harmonics Yl,m taken over temporal ensemble are not
of form Cl δl,l1 δm,m1 , where Cl would define coefficients of C(θ) in terms
of Pl (θ). Quadrupole terms (l = 2) are also anomalously small.
There are also other anomalous correlations.
1. Unexpectedly high correlation between temperature and E-mode polarization caused by Thomson scattering of CMB photons can be seen as an
evidence for a large optical depth and very early star formation [11].
2. Gaussianity predicts that three-point correlation functions for density fluctuations vanish. Hence also three-point correlation functions at the sphere
of the last scattering should vanish. There is some evidence that this is
not the case [10]: the proposed deviation from Gaussianity is parameterized by writing the perturbation of the gravitational potential in the form
Φ = ΦL + fN L (Φ2L − hΦ2L i).

3

What TGD could say about the anomalies?

TGD cosmology involves several new elements. Super-conformal invariance generalizes in TGD framework and one can wonder whether the fluctuations at the
sphere of the last scattering could be described in terms of conformal field theory. It turns out that symplectic QFT based on the analogs of fusion rules is
more natural in TGD framework. There are p-adic and dark matter hierarchies
realized in terms of book like structure of imbedding space with levels labeled
by Planck constant with gravitational Planck constant assignable to flux tubes
mediating gravitational interactions and having gigantic values so that quantum
coherence in cosmological scales is possible. Zero energy ontology implies that
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time like entanglement in cosmic time scales assignable to gravitational interaction is possible so that the notion of state function reduction in astrophysical
and cosmic time scales might make sense. Hence one can wonder whether the
strange correlations between local galactic and solar geometry and density fluctuations at surface of large scattering might be real after all.

3.1

Implications of p-adic and dark matter hierarchies

Consider next the possible implications of p-adic and dark matter hierarchies.
1. In TGD framework there are two hierarchies: hierarchy of p-adic spacetime sheets and hierarchy of Planck constants. p-Adic length scales are
√
defined as Lp ∝ p, where p ' 2k is prime and k is positive integer. L(151)
corresponds in good approximation to 10 nm, cell membrane thickness.
The hierarchy of Planck constants reflect the book like structure of the
generalized imbedding space consisting of almost copies of M 4 ×CP2 glued
together like pages of book along common back. The proposed structure
of imbedding space can be understood as a geometric correlate for the
choice of quantization axes at the imbedding space level inducing it also
at the level of configuration space (world of classical worlds). There are
preferred quantization axes associated with both M 4 and CP2 degrees of
freedom. In the case of M 4 this means preferred plane M 2 defining a
quantization axis of spin and in the case of CP2 preferred homologically
non-trivial geodesic sphere defining quantization axis of color isospin. This
means breaking of symmetries at particular sector of the imbedding space
but since the ”world of classical worlds” is union over different choices of
quantization axes, symmetries remain intact as a whole. It would seem
that quantum measurement with new quantization axis means a tunneling
from between this kind of sectors.
2. It is important to notice that in TGD Universe the fluctuations emerge
during the quantum criticality at the time of decoupling rather than developing from primordial fluctuations as in the case of inflationary cosmology. This kind of periods would be quite general since the smooth cosmic
expansion is in TGD Universe replaced by a sequence of quantum leaps
during which Planck constant for some relevant space-time sheet increases
and implies the increase of the size L of the appropriate space-time sheet
scaling like h̄. The same mechanism explains also the accelerated cosmic
expansion taking place much later during cosmic expansion and probably
corresponding to expansion for large voids of size of order 108 ly.
3. In TGD Universe the vanishing of the curvature scalar of 3-space (flatness) corresponds to quantum criticality associated with phase transitions
changing the value of Planck constant. Robertson-Walker form of the
metric, criticality constraint, and imbeddability as a vacuum extremal to
M 4 × S 2 ⊂ M 4 × CP2 fix the critical cosmology highly uniquely. The
critical cosmology has a finite temporal duration due to the failure of the
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global imbedding. During early phases the critical mass density behaves
as 1/a2 which might be interpreted in terms of dominance of string like
objects, which in TGD framework are identified as long magnetic flux
tubes.
Can one say anything more quantitative about the situation? In particular,
can one predict the scale (variance) of ∆T /T ?
1. There are two dimensionless numbers available: the value of the integer k
characterizing p-adic length scale Lp ∝ 2k/2 characterizing the surface of
the last scattering and the ratio h̄/h̄0 of Planck constants associated with
dark and visible sectors of the configuration space.
2. The value of the integer k characterizing p-adic length scale at the time of
the transition can be estimated from the radius for the sphere of last scattering identified as radius R = a(t). The transition to matter dominated
Universe began in about 400, 000 years old universe. Coupling took about
120,000 years and was finished at the age of 500,000 years. From this one
can estimate the p-adic length scale in question as light-cone proper time
a(t)/a0 = (t/t0 )2/3 in matter dominated cosmology identifiable as curvature radius R in GRT based RW cosmology. My own estimate a = 3 × 107
ly in [D6] gives k ∼ 355.
3. Identifying ∆ρi for a given particle as the energy density ρi,d of dark
variant of the particle implies adiabaticity if one has ρi,d /ρi = constant.
This is achieved by assuming that the energy densities scale like ρtot , that
is one has ρd,i = (h̄/h̄0 )−n ρi ∝ (h̄/h̄0 )−n a−n . n = 2 is suggested by the
early critical cosmology discussed [D6]. This would give ∆ρi /ρi = (h̄0 /h̄)2 .
From ∆T /T ' 10−5 one would have r = h̄/h̄0 ∼ 300. The estimate for
r is not too far from k ∼ 355, which might mean that r = k holds true
implying that the r would increase logarithmically with the p-adic length
scale of the space-time sheet.
Consider next the anomalies from phenomenological point of view.
1. One cannot exclude the possibility that the vanishing of the two-point
correlation functions for θ > 60 degrees reflects the finite size of the spacetime sheets. In conformal field theory approach this would mean that
conformal field theory applies only inside patches at the sphere of last
scattering. Suppose that the size of space-time sheets is typically of order
√
p-adic length scale Lp ∝ p, where p ' 2k is prime and k is positive
integer. For the surface of last scattering Lp ≡ L(k) could be identified as
the radius of the sphere and can be estimated from the value of light-cone
proper time a at that time.
The first guess is that only the points of the sphere for which distance is
shorter than L(k) can correlate. Simple elementary geometry shows that
this is the case only for θ < 60 degrees! The reduction of the vanishing
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correlation to almost kinematics must of course be taken with a big grain
of salt: if the diameter of the sphere is taken to be Lp , one would have
θ < 180 degrees.
The killer prediction is that the non-averaged correlation function for two
fixed points of sphere obtained by averaging the fluctuations over ensemble
of observations should vanish for smaller values of angular distances when
points belong to different patches so that the boundaries of patches should
be identifiable from CMB map.
2. As already noticed, the presence of galactic cold and hot spots and axis of
evil seem to be the price to be paid for the presence of large scale power
[12]. The finite size of the space-time sheets forcing the vanishing of 2point correlation function for large angular separations could thus conform
with the non-CMB explanation of galactic cold and hot spots and allow
to get rid of axis of evil. The pair of cold and hot spots indeed gives a
large negative contribution to C(θ). The finite size of space-time sheets
could also explain the hemispherical asymmetry and why fluctuations are
stronger at the southern galactic hemisphere.
3. The particles at different pages of the ”Big Book” can tunnel between the
pages so that the presence of dark space-time sheets could affect the spectrum of temperature fluctuations. If dark matter is responsible for the
fluctuations, the tunneling of dark photons to visible space-time sheets
and vice versa might have something to do with the fluctuations of CMB
spectrum. Fractality suggests that dark space-time sheets could induce a
modulation of the amplitudes of CMB proposed to explain the hemispherical asymmetries but not why the hemispheres correspond to Nothern and
Southern galactic spheres. There would be kind of modulation hierarchy.
This might relate to the fluctuations in the amplitude of ∆T , and the related small 10 percent deviation of the fluctuation amplitudes at Northern
and Souther hemisphere.
A couple of warnings are in order.
1. The proposed mechanism does not explain the strange correlations of CMB
with the local geometry. If one accepts quantum coherence in cosmic
length scales predicted by the dark matter hierarchy, the choice of quantization axis in cosmic scale having direct geometric correlate in TGD
Universe, could explain the asymmetries as a result of state function reduction in cosmic scale.
2. The decomposition into disjoint space-time sheets is not the only manner
to explain the anomalies. It will be found that the approach based on
symplectic QFT predicts with very general assumptions about 2-point
functions hemispherical asymmetry. Symplectic approach might be also
able explain the vanishing of C(θ) in large scales.
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3.2

Perturbations of the critical cosmology: the naive approach

Although the naive formal application of perturbation theory around critical
cosmology does not make sense in quantum TGD framework, one can start by
looking what it would give at classical level.
1. Concerning the perturbations of the critical cosmology, a natural condition would be that only vacuum extremals of Kähler action are allowed.
This means that only perturbations giving rise to 4-surfaces belonging to
M 4 × Y 2 ⊂ M 4 × CP2 , Y 2 Lagrangian sub-manifold of CP2 , are allowed.
If all small deformations of the critical cosmology are allowed, curvature
scalar cannot vanish in general. In this framework the notion of adiabaticity involving statements about various particles does not have any
obvious meaning whereas the notion of iso-curvature fluctuations can be
formulated. The vanishing of the curvature scalar makes sense for the perturbations of RW metric representing vacuum extremals but would break
the symplectic symmetry in CP2 degrees of freedom. Note also that manysheeted space-time and the generalization of imbedding space induced by
hierarchy of Planck constants are quite essential piece of TGD vision and
are not taken into account in this naive approach.
2. One can express the perturbations of the metric in terms of gradients
of CP2 coordinates and since for the unperturbed RW metric CP2 coordinates depend on light-cone proper time only, the perturbations are
gradients of CP2 coordinates with respect to spatial coordinates so that
a reduction to scalar perturbations modifying only gaa and vector perturbations implying non-vanishing gai indeed takes place in the first order.
Since gij remains invariant in the first order, also 3-space remains flat in
this order. In second order also other modes become possible.
3. The absence of other than scalar modes in the first order means that classical gravitons are absent in this order. Does this mean that also quantal
gravitons are not present in the first order so that the B mode polarization would be smaller than expected? Probably not: the basic reason
for developing the vision about physics as the geometry of the world of
classical worlds was the total failure of the perturbative path integral approach theory in TGD framework. Previous considerations [D8] also force
to ask whether the phase transitions of dark gravitons to ordinary gravitons could be an an essential element of detection of gravitons and mean
that dark graviton with very large energy as compared to the wavelength
transforms to a bunch of ordinary gravitons. This might lead to the erratic elimination of the graviton signal as a noise. One can also consider
the possibility that dark gravitons with very long wave lengths transform
to ordinary gravitons with much shorter wavelengths.
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3.3

Could super-conformal field theory at sphere of last
scattering describe the fluctuations?

I have already earlier [D6] proposed that CMB spectrum might be understood
in terms of conformal field theory. If some variant of conformal field theory
works, the general prediction is the breaking of conformal invariance meaning
the appearance of the counterpart of the spectral index from the breaking of
conformal symmetry by the generation of central extension to super-conformal
algebra. In this framework 1−ns corresponds to an anomalous dimension having
a discrete spectrum in conformal theories and known once the representation of
Super Virasoro algebra is known. It would not be surprising if ns would depend
on the value of h̄, which defines a quantum phase q playing also a key role in
conformal field theories. Second important prediction would be that 3-point
correlation functions are predictable and non-vanishing unless the conformal
field theory in question is not free. This would allow the possibility of nonGaussian behavior.
It however seems that CQFT need not be quite correct idea. Rather, a
symplectic variant of conformal field theory is natural in TGD framework and
could be used to characterize the ground state in terms of n-points functions.
The basic objection against the use of conformal field theory is that it should
apply to the construction of physical states pairs of positive and negative energy states and considering thus non-vacuum fluctuations of space-time surfaces
around vacuum extremals. Now one is considering vacuum states with respect
to Noether charges expressed as functionals in the space of vacuum extremals.
Since symplectic transformations are symmetries of the vacuum extremals, a
symplectic analogy of conformal field theory might be a more appropriate approach. In the following this argument is made more precise.
1. One must consider small perturbations of the critical cosmology which
are also vacuum extremals. This means that the perturbations correspond to surface X 4 ⊂ M 4 × Y 2 , where Y 2 corresponds to Lagrangian
sub-manifold of CP2 having vanishing induced Kähler form. If one poses
no other conditions the vacuum extremals possess symplectic transformations of CP2 leaving given Y 2 invariant as symmetries. These transformations relate closely to so called super-canonical symmetries which are
basic super-conformal symmetries of quantum TGD besides Kac-Moody
type symmetries assignable to light-like 3-surfaces identified as basic dynamical objects. Also symplectic (or rather contact-) transformations of
rM = constant sphere of light-cone boundary act as this kind of symmetries which raises the question whether the analog of conformal field
theory based having the symplectic group of light-cone boundary as symmetries might be a proper manner to characterize the vacuum degeneracy
in quantum TGD.
2. Could conformal field theory possessing these symmetries defined at the
sphere of last scattering (S 2 ) or - as suggested by basic structure of quantum TGD - at the boundary of 3-D light-cone connecting S 2 to the ob12

server’s position - describe the quantum criticality? The hope raised by
the fact that critical cosmology is fixed the by the criticality condition
without any reference to matter is that the correlation functions could be
deduced from universality without any reference to elementary particle
physics .
i) The naive guess would be that the deviations of CP2 complex coordinates ξ k from their values at S 2 should be taken as primary dynamical variables. Unfortunately, the assumption that ξ k are holomorphic functions of
the complex coordinate of the sphere of last scattering would not be consistent with the vacuum extremal property. The use of CP2 coordinates
as dynamical variables is not consistent with general coordinate invariance
unless one chooses some special coordinates. This is possible since selection of preferred quantization axis selects preferred complex coordinates
unique modulo U (2) ⊂ SU (3) rotations represented linearly. The simplest
manner to achieve general coordinate invariance is by using the gravital
tional potential defined as the perturbation ∆gaa = ∆(skl ∂a ξ k ∂a ξ ). All
perturbations of R-W metric can be arranged to the representation of rotation group corresponding to two scalars, vector, and traceless tensor.
Unfortunately, the deviations of metric do not however define conformal
fields in S 2 . They could however define symplectic fields. It seems that
conformal field theory approach requires the expression of ∆gaa in terms
of primary conformal fields, say various currents, and this looks too complicated.
iii) The radial light-like coordinate rM for the light-cone boundary plays
a role analogous to that of complex coordinate for Kac-Moody representations at like 3-surfaces and for super-canonical representations at lightcone boundary. In this case all vacuum extremals are allowed and the
symplectic transformations of S 2 ×CP2 localized with respect to rM would
act as analogos of conformal symmetries. In quantum TGD proper this
could quite well make sense but in the recent situation only a QFT at S 2 is
needed and light-like conformal invariance does not seem to say anything
about the behavior of the correlation functions of temperature fluctuations
at S 2 .

3.4

Could a symplectic analog of conformal field theory
work?

4
Symplectic symmetries of δM+
× CP2 (light-cone boundary briefly) inspire the
question whether a symplectic analog of conformal field theory at S 2 could
dictate the correlation functions. Therefore it makes sense to play with the idea
what symplectic QFT could look like and what one could conclude about the
predictions of ’symplectic QFT’ in the recent situation.

1. In quantum TGD the symplectic transformation of the light-cone boundary would induce action in the ”world of classical worlds” (light-like 313

surfaces). In the recent situation it is convenient to regard perturbations
of CP2 coordinates as fields at the sphere of last scattering (call it S 2 )
so that symplectic transformations of CP2 would act in the field space
whereas those of S 2 would act in the coordinate space just like conformal
transformations. The deformation of the metric would be a symplectic
field in S 2 . The symplectic dimension would be induced by the tensor
properties of R-W metric in R-W coordinates: every S 2 coordinate index
would correspond to one unit of symplectic dimension. The symplectic
invariance in CP2 degrees of freedom is guaranteed if the integration measure over the vacuum deformations is symplectic invariant. This symmetry
does not play any role in the sequel.
2. For a symplectic scalar field n ≥ 3-point functions with a vanishing anomalous dimension would be functions of the symplectic invariants defined by
the areas of geodesic polygons defined by subsets of the arguments as
points of S 2 . Since n-polygon can be constructed from 3-polygons these
invariants can be expressed as sums of the areas of 3-polygons expressible in terms of symplectic form. n-point functions would be constant
if arguments are along geodesic circle since the areas of all sub-polygons
would vanish in this case. The decomposition of n-polygon to 3-polygons
brings in mind the decomposition of the n-point function of conformal
field theory to products of 2-point functions by using the fusion algebra of
conformal fields (very symbolically Φk Φl = cm
kl Φm ). This intuition seems
to be correct.
3. Fusion rules stating the associativity of the products of fields at different
points should generalize. In the recent case it is natural to assume a nonlocal form of fusion rules given in the case of symplectic scalars by the
equation
Z
Φk (s1 )Φl (s2 ) =

cm
kl f (A(s1 , s2 , s3 ))Φm (s)dµs .

(1)

Here the coefficients cm
kl are constants and A(s1 , s2 , s3 ) is the area of the
geodesic triangle of S 2 defined by the sympletic measure and integration is
over S 2 with symplectically invariant measure dµs defined by symplectic
form of S 2 . Fusion rules pose powerful conditions on n-point functions
and one can hope that the coefficients are fixed completely.
4. The application of fusion rules gives at the last step an expectation value
of
R 1-point function of the product of the fields involves unit operator term
ckl f (A(s1 , s2 , s))Iddµs so that one has
Z
hΦk (s1 )Φl (s2 )i =

ckl f (A(s1 , s2 , s))dµs .
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(2)

Hence 2-point function is average of a 3-point function over the third
argument. The absence of non-trivial symplectic invariants for 1-point
function means that n = 1- an are constant, most naturally vanishing,
unless some kind of spontaneous symmetry breaking occurs. Since the
function f (A(s1 , s2 , s3 )) is arbitrary, 2-point correlation function can have
both signs. 2-point correlation function is invariant under rotations and
reflections.
CMB data suggest breaking of rotational and reflection symmetries. A possible mechanism of spontaneous symmetry breaking is based on the observation that in TGD framework the hierarchy of Planck constants assigns to each
sector of the generalized imbedding space a preferred quantization axes. The
selection of the quantization axis is coded also to the geometry of ”world of
classical worlds”, and to the quantum fluctuations of the metric in particular.
Clearly, symplectic QFT with spontaneous symmetry breaking would provide
the sought-for really deep reason for the quantization of Planck constant in the
proposed manner.
1. The coding of angular momentum quantization axis to the generalized
imbedding space geometry allows to select South and North poles as preferred points of S 2 . To the three arguments s1 , s2 , s3 of the 3-point function one can assign two squares with the added point being either North
or South pole. The difference

∆A(s1 , s2 , s3 ) ≡ A(s1 , s2 , s3 , N ) − A(s1 , s2 , s3 , S)

(3)

of the corresponding areas defines a simple symplectic invariant breaking
the reflection symmetry with respect to the equatorial plane. Note that
∆A vanishes if arguments lie along a geodesic line or if any two arguments
co-incide. Quite generally, symplectic QFT differs from conformal QFT
in that correlation functions do not possess singularities.
2. The reduction to 2-point correlation function gives a consistency conditions on the 3-point functions

h(Φk (s1 )Φl (s2 ))Φm (s3 )i = crkl

Z
f (∆A(s1 , s2 , s))hΦr (s)Φm (s3 )idµs

=
crkl crm

(4)

Z
f (∆A(s1 , s2 , s))f (∆A(s, s3 , t))dµs dµt .

Associativity requires that this expression equals to hΦk (s1 )(Φl (s2 )Φm (s3 ))i
and this gives additional conditions. Associativity conditions apply to
f (∆A) and could fix it highly uniquely.
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(5)

3. 2-point correlation function would be given by
Z
hΦk (s1 )Φl (s2 )i = ckl

f (∆A(s1 , s2 , s))dµs

(6)

4. There is a clear difference between n > 3 and n = 3 cases: for n > 3
also non-convex polygons are possible: this means that the interior angle
associated with some vertices of the polygon is larger than π. n = 4
theory is certainly well-defined, but one can argue that so are also n > 4
theories and skeptic would argue that this leads to an inflation of theories.
TGD however allows only finite number of preferred points and fusion
rules could eliminate the hierarchy of theories.
5. To sum up, the general predictions are following. Quite generally, for
f (0) = 0 n-point correlation functions vanish if any two arguments coincide which conforms with the spectrum of temperature fluctuations. It
also implies that symplectic QFT is free of the usual singularities. For symmetry breaking scenario 3-point functions and thus also 2-point functions
vanish also if s1 and s2 are at equator. All these are testable predictions
using ensemble of CMB spectra.
Since number theoretic braids are the basic objects of quantum TGD, one
can hope that the n-point functions assignable to them could code the properties
of ground states and that one could separate from n-point functions the parts
which correspond to the symplectic degrees of freedom acting as symmetries of
vacuum extremals and isometries of the ’world of classical worlds’.
1. This approach indeed seems to generalize also to quantum TGD proper
and the n-point functions associated with partonic 2-surfaces can be decomposed in such a manner that one obtains coefficients which are symplectic invariants associated with both S 2 and CP2 Kähler form.
2. Fusion rules imply that the gauge fluxes of respective Kähler forms over
geodesic triangles associated with the S 2 and CP2 projections of the arguments of 3-point function serve basic building blocks of the correlation
functions. The North and South poles of S 2 and three poles of CP2 can
be used to construct symmetry breaking n-point functions as symplectic
invariants. Non-trivial 1-point functions vanish also now.
3. The important implication is that n-point functions vanish when some
of the arguments co-incide. This might play a crucial role in taming of
the singularities: the basic general prediction of TGD is that standard
singularities should be absent and this mechanism might realize this expectation.
Next some more technical but elementary first guesses about what might be
involved.
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1. It is natural to introduce the moduli space for n-tuples of points of the symplectic manifold as the space of symplectic equivalence classes of n-tuples.
In the case of sphere S 2 convex n-polygon allows n + 1 3-sub-polygons
and the areas of these provide symplectically invariant coordinates for the
moduli space of symplectic equivalence classes of n-polygons (2n -D space
of polygons is reduced to n + 1-D space). For non-convex polygons the
number of 3-sub-polygons is reduced so that they seem to correspond to
lower-dimensional sub-space. In the case of CP2 n-polygon allows besides the areas of 3-polygons also 4-volumes of 5-polygons as fundamental symplectic invariants. The number of independent 5-polygons for npolygon can be obtained by using induction: once the numbers N (k, n)
of independent k ≤ n-simplices are known for n-simplex, the numbers of
k ≤ n + 1-simplices for n + 1-polygon are obtained by adding one vertex so that by little visual gymnastics the numbers N (k, n + 1) are given
by N (k, n + 1) = N (k − 1, n) + N (k, n). In the case of CP2 the allowance of 3 analogs {N, S, T } of North and South poles of S 2 means that
besides the areas of polygons (s1 , s2 , s3 ), (s1 , s2 , s3 , X), (s1 , s2 , s3 , X, Y ),
and (s1 , s2 , s3 , N, S, T ) also the 4-volumes of 5-polygons (s1 , s2 , s3 , X, Y ),
and of 6-polygon (s1 , s2 , s3 , N, S, T ), X, Y ∈ {N, S, T } can appear as additional arguments in the definition of 3-point function.
2. What one really means with symplectic tensor is not clear since the naive
first guess for the n-point function of tensor fields is not manifestly general
coordinate invariant. For instance, in the model of CMB, the components
of the metric deformation involving S 2 indices would be symplectic tensors. Tensorial n-point functions could be reduced to those for scalars
obtained as inner products of tensors with Killing vector fields of SO(3)
at S 2 . Again a preferred choice of quantization axis would be introduced
and special points would correspond to the singularities of the Killing
vector fields.
The decomposition of Hamiltonians of the ”world of classical worlds” expressible in terms of Hamiltonians of S 2 × CP2 to irreps of SO(3) and
SU (3) could define the notion of symplectic tensor as the analog of spherical harmonic at the level of configuration space. Spin and gluon color
would have natural interpretation as symplectic spin and color. The infinitesimal action of various Hamiltonians on n-point functions defined by
Hamiltonians and their super counterparts is well-defined and group theoretical arguments allow to deduce general form of n-point functions in
terms of symplectic invariants.
3. The need to unify p-adic and real physics by requiring them to be completions of rational physics, and the notion of finite measurement resolution suggest that discretization of also fusion algebra is necessary. The
set of points appearing as arguments of n-point functions could be finite in a given resolution so that the p-adically troublesome integrals in
the formulas for the fusion rules would be replaced with sums. Perhaps
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rational/algebraic variants of S 2 × CP2 = SO(3)/SO(2) × SU (3)/U (2)
obtained by replacing these groups with their rational/algebraic variants
are involved. Tedrahedra, octahedra, and dodecahedra suggest themselves
as simplest candidates for these discretized spaces. Also the symplectic
moduli space would be discretized to contain only n-tuples for which the
symplectic invariants are numbers in the allowed algebraic extension of rationals. This would provide an abstract looking but actually very concrete
operational approach to the discretization involving only areas of n-tuples
as internal coordinates of symplectic equivalence classes of n-tuples. The
best that one could achieve would be a formulation involving nothing below measurement resolution.
4. This picture based on elementary geometry might make sense also in the
case of conformal symmetries. The angles associated with the vertices of
the S 2 projection of n-polygon could define conformal invariants appearing
in n-point functions and the algebraization of the corresponding phases
would be an operational manner to introduce the space-time correlates
for the roots of unity introduced at quantum level. In CP2 degrees of
freedom the projections of n-tuples to the homologically trivial geodesic
sphere S 2 associated with the particular sector of CH would allow to define
similar conformal invariants. This framework gives dimensionless areas
(unit sphere is considered). p-Adic length scale hypothesis and hierarchy
of Planck constants would bring in the fundamental units of length and
time in terms of CP2 length.
These findings raise the hope that quantum TGD is indeed a solvable theory. Even it one is not willing to swallow any bit of TGD, the classification of
the symplectic QFTs remains a fascinating mathematical challenge in itself. A
further challenge is the fusion of conformal QFT and symplectic QFT in the construction of n-point functions. One might hope that conformal and symplectic
fusion rules can be treated separately.

3.5

What symplectic QFT tells about fluctuations?

It is interesting to look what one can say about the CMB assuming symplectic
QFT using the proposed poor man’s formulation.
The general predictions are that all n-point functions are non-vanishing so
that Gaussianity fails to be true. In the symmetric scenario there is no breaking
of rotational and reflection symmetries. In symmetric breaking scenario both
breakings are present.
Consider first 2-point correlation functions.
1. The averaged 2-point correlation function C(θ) is obtained as

C(θ)

=

hΦ(s1 )Φ(s2 )i =

X
n
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Z
fn h [∆A(s1 , s2 , s)]n dµs i ,

∆A(s1 , s2 , s)

=

A(s1 , s2 , s, N ) − A(s1 , s2 , s, P ) .

(7)

2. If f (∆A) is odd function of ∆A = A(s1 , s2 , s3 , N ) − A(s1 , s2 , s3 , P ), the
first order term of the 3-point function changes sign under reflection of
the first two arguments with respect to the equatorial plane and same
holds true for all odd powers of ∆A as a simple argument shows. Same
holds true for the 2-point correlation function so that its average over
all points with same angular distance vanishes giving C(θ) = 0. C(θ)
is completely determined by the even part of f and one can write the
averaged correlation function as

C(θ)

=

X

Z
f2n h [∆A(s1 , s2 , s)]2n dµs i .

(8)

n

Thus
the rotational averages of the numerically calculable even ’moments’
R
[∆A(s1 , s2 , s)]2n dµs determine C(θ).
3. Since C(θ) has also negative values, some of the coefficients f2n must be
negative. The variation of the signs of the coefficients is also necessary to
explain the presence of positive maxima and negative minima in C(θ).
4. An open question is whether the smallness of C(θ) for angle separation
larger than 60 degrees could be understood from symplectic invariance
alone.
3-point correlation functions are certainly non-trivial and this means means
a non-Gaussian behavior. Non-vanishing 2-point functions are averages of the
3-point functions involving identity operator with respect to third argument
multiplied by 4π. Hence the non-Gaussian behavior is significant effect. For
3-point functions not involving identity operator the coefficients cklm could be
smaller.
Consider next the fluctuations.
1. It would be nice if temperature fluctuations could be interpreted as 1point functions rather than particular fluctuations. This is not the case
since the only reasonable candidate would be obtained in terms of the area
of the degenerate geodesic triangle spanned by s and poles. This means
that one must interpret the data as fluctuations rather than averages of
fluctuations unless one is ready to break the symmetry by shifting slightly
the second preferred point, say South Pole.
2. The intuitive notions about distribution for the fluctuations and amplitude
of fluctuations are not readily expressible in terms of n-point correlation
functions since the moments hΦ(s)k i vanish identically. One can however
perform
smoothing
quantities and replace the quantity hΦ(s)k i
R Q
Qout of these
n
with h i Φ(si )i k dµsk /A , where the integrations are over a small disk
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of area A around point s. This gives a well defined variance and one can
speak about fluctuation amplitude in a given resolution defined by A. The
moments define in a given resolution what the probability distribution for
the fluctuations means.
3. This definition allows to formulate what the evidence for the hemispherical
asymmetry for the probability distribution of fluctuations could mean.
Hemispherical asymmetry is obtained in the smooth out sense if the twopoint correlation functions with arguments differing by a reflection with
respect to equatorial plane are not identical: that is if f (∆A) contains both
even and odd coefficients fn . The reason is that the sign of ∆A changes in
the reflection. This could be tested by considering the counterpart of C(θ)
defined by taking only average with respect to point pairs in upper/lower
hemisphere and comparing the results.
To sum ump, the breaking of the rotational symmetry and parity breaking
via a selection of a preferred equatorial plane conform with the general properties
of the physical correlation functions and it remains to be seen whether fusion
rules force f to have both odd and even parts necessary in obtain to obtain
the breaking of reflection symmetry. The challenge is to understand whether
the correlation between cosmic and local geometries (equatorial plane of S 2 and
galactic plane) is a pure accident or whether there is something much deeper
involved.

3.6

Could cosmic quantum coherence explain the correlation of the quantum fluctuations at surface of last
scattering with galactic geometry?

The idea about hierarchy of Planck constants was inspired by the finding that
the orbits of inner and outer planets could be regarded in a reasonable approximation as Bohr orbits but with Planck constant which was gigantic and was for
outer planets smaller than for inner planets by a factor of 1/5 [D7, D8]. The
gigantic value of the Planck constant at the flux tubes mediating gravitational
interactions implies quantum coherence in cosmic scales and this could allow a
radically new interpretation of CMB anomalies. In particular, it could explain
why the preferred equatorial plane of the sphere of last scattering predicted by
symplectic QFT with spontaneous symmetry breaking is near to the galactic
plane.
1. Gravitational Planck constant associated with the flux tubes mediating
gravitational interactions has a gigantic value, which quantum coherence
in cosmological scales. This forces to ask whether the measurement of
CMB background should be considered as a quantum measurement in
cosmic scales and whether its outcome could be analogous to the state
function reduction at the level of particle physics as far as dark spacetime sheets are considered. If dark matter dictates the behavior of visible
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matter one must consider the possibility that quantum measurement in
dark scales could dramatically affect the geometric past in cosmic scales.
On the other hand, the CMB measurements as such are only about distribution of ordinary photons and can only tell which quantum fluctuation
pattern has been selected in quantum measurement in dark matter scales.
2. The situation at quantum criticality would correspond to a superposition
of quantum fluctuations having in accordance with zero energy ontology
time-like entanglement with the ”observer”. This entanglement correlates
the states of observer with the quantum fluctuations. Observer could be
a dark matter system assignable to galaxy, say the field body of galactic
system with gigantic Plank constant connecting observer with the sphere
of last scattering which in turn might be entangled with the solar system. The question is whether the time-like entanglement correlates some
geometric properties of the observing system (say various directions like
normal of the ecliptic or galactic plane) with the geometric properties of
the quantum fluctuation spectrum (say the direction of the quantization
axis defining equatorial asymmetry)?
3. Could one imagine that ”we” as observers are entangled with the possible
states of the galactic gravito-magnetic body in turn entangled gravitationally with the quantum fluctuations at the sphere of last scattering
and that the measurement of the state of galactic system telling the direction of galactic plane, etc... selects also the dark quantum fluctuation
in the geometric past. If so, the selection of quantization axes for fluctuations would be same for the observer and sphere of last scattering. If
the choice is dictated by the observer, the breaking of rotational symmetry and parity symmetry and choice of galactic plane as preferred plane
would be induced by quantum measurement. Note that this does not lead
to any obvious contradictions since the spheres of last scattering are in
principle different for observers at different positions of the Universe. If
this interpretation is correct, the strange anomalies of CMB would provide
a rather dramatic verification for the Wheeler’s idea about participatory
Universe.
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