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Abstract

Various implications of Rowlands and Diaz’ (R&D’) discovery of a universal
nilpotent computational rewrite system, are described. Evidence is presented
that this discovery not only provides a new semantic fundamental foundation for
universal quantum computation, but is the keystone of a fundamental
computational foundation for mathematics, quantum physics, the genetic
code/molecular biology, neuroscience and cosmology.

1 Introduction

Rewrite systems are synonymous with computing/information processing. They
concern the languages in which programs are rewritten as symbols for
computing hardware to interpret. R&D show [1] that their nilpotent rewrite
system is universal in the sense that it delivers the entire infinite alphabet of
symbols in one step, when presented with zero®° as the initial subset alphabet.
This system turns out to be of particular significance, since, as R&D again show
[1] its subset alphabets emerge in a minimal way and not only have a
mathematical interpretation as algebra, but concern Rowlands and Cullerne’s
(R&C) nilpotent Dirac algebra [2]. This corresponds to a generalization of
Dirac’s well known quantum mechanical equation, so as include not just mass
and electric charge, but those of the strong and weak charges and implicitly
includes the property of spin as well. R&D’s paper [1] then goes on to con-
jecture that such a universal rewrite system, has a minimum of two rewrite rules
or productions:-

1) a creation operation, delivering a new symbol at each invocation, where this
new symbol may be a single character of the alphabet, a subset alphabet, or the
entire alphabet, and



1) a conserve/proofreading operation, which examines all currently existing
symbols to ensure that the bringing into existence of a new symbol or subset
alphabet, etc, produces no anomalies.

°® Footnote, “zero” is used to simplify the presentation given here. In a more
technical extended presentation the need to start with anything at all can be
dispensed with.

2 Analysis over the Surreals

Such a conjecture is independently confirmed by analysis over the surreal
numbers [3] in relation to universal models of theories in the language of sets,
where John Conway (the originator of what Knuth calls the surreal numbers [4])
has shown that the simplest lexicographical universal model N of a theory
concerns the alphabet of the two symbols L and R where the usual convention of
L signifying left and R right, which he uses to generate all the numbers great and
small, is abolished. This model defines the way of turning the class of all ordinal
numbers into a complete mathematical field such that each ordinal extends the
set of all previous ordinals in the simplest possible way, by regarding sums,
products, inverses, algebraic extensions and transcendental extensions (by
means of mathematical groups and rings to fields) as successively more
complicated concepts. However these extensions may equally be seen lexico-
graphically[3] as defining the form of alphabetic extensions as is appropriate to
a computational rewrite system; or they may be viewed as extensions of
Turing’s definition of computation by means of his universal Turing machine
over the integers, where the integers are not now seen as integers but viewed as
a countable set of symbols [5].

Surreal analysis [3] also shows that these extensions, which necessitate the
introduction of -1 for the symbol usually denoted as i , are also maximal in the
sense that they encompass all the properties of the arithmetic continua R and its
Euclidean, Hyperbolic and Elliptic geometric counterparts, and in particular,
such universal models have a unique birthorder field automorphism
(birthordering). Furthermore Conway’s model of the surreal number field N, [4],
where L does signify left, and R right (encompassing all the numbers great and
small including the transfinite and the infinitesimals) is also nilpotent in the
sense that it is generated from the empty set; that its first number is defined to be
such that the symbol zero has the value 0; and notably this implies that the value
one Y2 and those of the half integers play a special role [4].

The R&D rewrite model thus demonstrates that the theory specific to Conway’s
simplest universal model with two basic alphabetic symbols must be quantum
mechanics, as represented by the nilpotent generalization of Dirac’s famous
equation, which R&D show:-

(i) breaks its nilpotent symmetry (or emptiness) by associating the respective
charges with vector, scalar and pseudo-scalar operators, such that



(i) the quantizations (including spin) of the families of elementary particles so
realized are the familiar ones known and established by experimental particle
physics and can be regarded as the sources/sinks of the 3+1 space-time quantum
field in both its Lorentz and Einstein General Relativistic invariant forms [2].
R&D’s work thus provides a counterexample to the widely held established
view that Einstein’s General Relativity (expressed now in the form of a
multivariate 4 vector group representation) is incompatible with quantum
mechanics (expressed as the generalized Dirac nilpotent representation). It
indicates that space and time are smooth at the smallest scale, and not fuzzy and
foaming as current ideas of quantum gravity appear to require, see Science 301
29™ August 2003, 1169-70, spacetime ‘Einstein 1, Quantum Gravity 0’.

That is to say, in an empty Universe, this nilpotent symmetry breaking process
constitutes the genesis that brings 3+1 spacetime and its complementary
elementary particles into existence for the very first time, such that they are first
born in a ‘virgin birth’ from nothing ie their empty set. This (empty) Universe is
therefore an (empty) White W(hole). And just as importantly this is the initial
step in the ‘birthordering’ or birth order process, which can thus be hypothesized
to describe this Universe’s evolution as defined by the Quantum Carnot Engine
[11] see below.

Equally Dirac’s famous formalization of quantum mechanics by means of bra
and ket vectors [6], representing once again the two fundamental operators of its
description, must also be such a nilpotent rewrite system for describing quantum
mechanical computation. It, by implication, therefore describes not just quantum
mechanical dynamics, but includes quantum mechanical measurement and
therefore a thermodynamic decoherent evolution or birthordering, in which the
creation of 3+1 space-time and elementary particle matter is the fundamental
first step. Additionally therefore R&D’s rewrite system indicates that the bra
vector acts fundamentally as a quantum creation operator, and the ket, as a
guantum annihilation operator, whereby this restores nilpotency so as to con-
stitute an operation of proofreading. Thus, since the roles of the bra and ket
operators may reversed, the Dirac notation also includes what is called a
Bargmann-Fock model for bosons and the harmonic analysis of the three
dimensional Heisenberg nilpotent Lie group[7].

Equally, the Conway universal model where the symbol L now is given the
value 1, and symbol R, the value 0, implies that this particular universal model
concerns a Heaviside operator, equivalent to the corresponding singular Green’s
function (Schwarz distribution) which permits the same description of the
physical wave phenomenon by means of an integral formula. And in the three
spatial dimensions implicit in R&D’s nilpotent rewrite system, this Heaviside
operator is therefore Dirac’s equally famous “delta function” as it is known in
guantum wave mechanics. These conclusions are also in agreement therefore
with Feynman’s conceptual use of Huygens’ principle of secondary sources to
derive his equally famous path integral formulation of quantum mechanics [8],



since as Jessel shows such Heaviside operators are fundamental to the
formalization of Huygens’ Principle [9].

Thus it seems that the concept of nilpotence (or the empty set as the description
of the initial mathematical state of a system as used by Conway in relation to
universal models) is foundational to physics, for, from the above arguments, the
initial nature of the dark energy from which 3+1 space-time and elementary
particle matter emerge, can now be inferred.

That is to say dark energy must constitute quantum coherence since at this
postulated origin of the Universe, there is, implicitly from R&C’s nilpotent
Dirac equation, both the 3D spatial, and the temporal quantum coherence
sufficient for holography ie for full quantum holographic wavefront
reconstruction in some hologram plane. This conclusion follows from the well
known guantum mechanical fact that although the phase of any quantum wave
function is arbitrary up to a constant phase factor, the phase difference between
two wave functions is however of physical significance, as the geometric/Berry
phase discovered by Berry shows [10]. That is to say, these conditions satisfy
the requirement of quantum holographic image encoding/decoding procedures,
which need the mixing of a coherent reference signal beam (as occurs for
example in Mach-Zehnder interferometry) to incrementally record (in the case
of encoding) the phase of the object signal beam in the hologram plane so as to
form a hologram: a condition that occurs spontaneously in the above
circumstances at the point of phase conjugation. And this would therefore result
in phase conjugate adaptive resonance, so as to provide a Big Bang Resonance
and subsequent Adaptive Evolution/birthordering. Such quantum coherence
therefore not only assures the basic material composition of the Universe upon
symmetry breaking as described by R&C in terms of 3+1 space time and
elementary particle matter as it seen today, and as far as is known as has always
been in the case in the past, but requires a truly quantum mechanical
system/Universe. Furthermore the spatial and temporal quantum coherence
necessary for this full wavefront reconstruction, says that this Universe can be
considered as constituting a quantum hologram; a conclusion in excellent accord
with the recent findings in regard to string/membrane theory. String theory is
however only a quantized classical description, which encompasses the four
fundamental properties of mass and charge and their corresponding force fields.
It does not provide the basis, as does quantum coherence as dark energy, for a
true quantum thermodynamic description of the Universe as the above
description, which is quantum holographic, does; however, the authors believe
nilpotent theory encompasses a 10-D string theory without strings. Such a
thermodynamic description is that of the Quantum Carnot Engine [11], which
will evolve in ways that a classical thermodynamic description of the universe
cannot. In particular, therefore, R&C work shows that any classical model of the
Universe would be empty ie have neither 3+1 space time and elementary particle
matter, unless these are independently & separately assumed to exist prior the



Big Bang. And such a classical universe would therefore remain empty so as to
be totally without interest. That is to say, the nilpotent Universe is the only
possible description that can explain the origin of the Universe that we observe
today. Further evidence in support of this hypothesis is now cited. In particular it
seems clear from the above arguments:-

(i) that mathematics must now be considered to be a single inseparable body of
knowledge, as first proposed by Langlands, so that theoretical physics will
indeed the same thing as mathematics thus explaining what is often referred to
as “the unreasonable effectiveness of mathematics in relation to physics”. A
hypothesis first advanced by Chapline [12] and

(i) that the nilpotent version of quantum mechanics is the basis for a semantic
theory of holographic pattern recognition, which can be conceptualized as in
John Wheeler’s now famous diagram, as a single eye looking at the body of
itself.

Thus it can be hypothesized that the R&D rewrite system is the basis for two
new foundational disciplines ie the computational foundations of physics &
mathematics.

3 Wheeler’s meaning circuit, physical law without law, the grand
unification of elementary particle physics and cosmology.

For with this hindsight, it is in particular clear that the concept of the rewrite
system is a means to mathematically formalize J.A. Wheeler’s argument The
Meaning Circuit [13], that while the laws of physics require description in terms
of mathematical algorithms, these algorithmic forms will be useless (ie have no
meaning) unless they can be executed using the laws of physics themselves. In
particular Wheeler argues that this could provide a mechanism or bootstrap for
deciding the actual form of physical law, without any foreknowledge of what
that law might be. A concept he calls “physical law without law”.

Hence R&D’s nilpotent rewrite system which yields a description of the
recognized laws of quantum mechanics in the form of the generalized nilpotent
Dirac equation starting from the symmetry breaking of the “empty set”, provides
a mathematical solution formalizing Wheeler’s concepts of both the Meaning
Circuit and of “physical law without law”. That is to say that by introducing the
notion of nilpotence, and beginning solely with the symbol zero (ie without
knowing beforehand anything of the nature of physical law or physics itself),
R&D’s rewrite methodology shows how to generate an actual mathematical
description of physical law in recognizable quantum mechanical form. That is,
Wheeler’s conceptions correspond in this case to physical law in the form of the
generalized nilpotent Dirac equation, which the R&D’ rewrite methodology
shows is in fact universal. Furthermore Rowlands nilpotent Dirac equation,
which implicitly includes the boundary condition of zero or the empty set
(implied by its nilpotence) should be (and in fact has so far been) able to predict



theoretically all the values of all the known and the possible physical constants
and invariants, which currently can only be known empirically from experiment.
That is to say this methodology can generate all the physical constants so that
they can known without empirical determination, in accordance with Einstein’s
belief quoted in “Subtle is the Lord” A. Pais, Oxford University Press, 1982,
page 34,:-

“In a sensible theory, there can be no numbers whose values are determinable
only empirically. I can, of course, not prove that .... dimensionless constants in
the laws of nature, which from a purely logical point of view can just as well
have other values, should not exist. To me in my “Gottvertrauen” (faith in God)
this seems evident, but there may well be few who have the same opinion.”
Albert Einstein,

This would therefore provide a totally exhaustive means of testing this new
model’s correctness, as one would expect from its description as a “proof
reading” mechanism. Furthermore the birthordering that R&D’s rewrite system
provides, is, because of its nilpotence, always entirely renormalizable so as
produce an entirely finite representations of the quantum mechanical evolution,
where such birthordering defines that evolution’s proper time ordering in such a
way that it cannot be globally reversed. Such an evolution is thus in conformity
with the First, Second and Third Laws of Thermodynamics, showing that while
quantum mechanics may be dynamically locally time reversible on all local
scales, its global evolution is by contrast thermodynamically irreversible, and
can never return to its initial (global) state. Such an evolution therefore must
concern the continual thermodynamic reconfiguration in 3+1 space time of a
finite quantity of elementary particle matter which appears simultaneously with
that spacetime at the first moment of creation or “ the Big Bang”. Thus it
follows from the formalization of Huygens’ principle of secondary sources[9],
that the Big Bang or Source of the Universe (corresponding to the white (w)hole
from which 3+1 spacetime and elementary particle matter emerge), must in this
case be equivalent to a set of secondary sources, which are in fact local sinks or
Black holes at which both 3+1 space time and elementary particle matter
disappear, so as to function as what in computer terminology is a ‘garbage
collector’.

Equally such a nilpotent rewrite system describing both arithmetic and
geometric properties must be describe what in computer systems is called
universal computer construction ie

such nilpotent quantum computation will be both computer universal in the
sense of arithmetic and constructor universal in the sense of geometry. That is it
includes both universal digital computation as discovered by Turing in the form
of the universal Turing Machine model[14], and universal computer con-
struction or self replication as revealed by Von Neumann [15].

4 The icing on the cake.



And thus in agreement with Perus and Bishofs [16], in the basic general
equation of Dirac’s bra/ket notation ie |V> = |[¥Y><W|¥> , the above arguments
show that the rightmost |\¥> may represent an holographic output, such that the
left most |\¥> denotes the holographic input and |[W><W¥| the action of the
associative holographic memory. It is seen therefore
1) that in correspondence to their classical counterparts, quantum holographic
procedures may be described with quantum wave functions, as is indeed the case
in Schempp’s quantum holography based on the 3 dimensional Heisenberg
nilpotent Lie group, as previously explained and referenced [7] and (it follows)
i) that 3 dimensional geometric space and generalized 3 dimensional spatial
Image processing are essentially ubiquitous to quantum mechanics, as is
illustrated via by the application of Schempp’s quantum holography [17] to the
control of (nuclear) magnetic resonance imaging (MRI) systems in medical use
worldwide. see http://wwwcivm.mc.duke.edu for example. Moreover quantum
logic gates are not needed to engineer such MRI imaging dynamics.
Furthermore if one then expands this basic general equation in the most obvious
way as below
V> = [YS<Y|YS<Y|Y>S<YP>S<YP><Y | P><P P ><P P >< P | P>
it encapsulates the concept of an extended form of quantum holographic
memory as is shown by the Frobenius-Schur-Godement identity [18], where
<Hv (v, 0;.,)[ Hy (@”07;,)> = <y®oly’®¢’>  (v=v" £0)

=0 0#v=v=z0)
This says that the range of frequencies between v and v’ allow an adaptive
resonant coupling so specifying a spectrum of very narrow spectral windows,
where y,¢,y’,¢’ are the quantum wave amplitudes belonging to the complex
Hilbert space L*R,t) and H.,(y,¢:..) are the Liouville densities of the
corresponding distributions. It follows therefore that there will be little or no
cross talk between, for example in the photon case, the asynchronous collective
photonic excitation distributions located in the different hologram planes
(R®R,Q), (R®R,Q,-), where the four wavelet mixing y,p,y’,¢’ takes place, so
as to make subsequent full wavefront holographic reconstruction possible. That
IS to say so as to constitute a quantum holographic memory that can be both
written and read.
It is worth pointing out that all interactions between particles
(including vacuum ones) have the same form with incoming fermion and
incoming antifermion (or outgoing fermion) creating a bosonic state at the
vertex and that this applies to the equations above, which are parallel to the
automatic fermion antifermion fermion antifermion ... structure of the
nilpotent operators acting on vacuum. The system thus creates automatic
and exact supersymmetry of the fermion and its (own) representation as a
boson, see Peter Rowlands paper this ANPA proceedings.



5 Living Systems, DNA and the genetic code, the fundamental basis of
human language and the structure of the human brain.

However it is now clear that R&D’s novel discovery of a universal nilpotent
rewrite system, has implication far beyond physics and cosmology in living
systems, etc (see Appendix — Riemann’s Hypothesis the basis of a possible
proof) In particular it follows from its fundamental nature and previous research,
for example, Fractal Structure in DNA Code and Human Language: Towards a
Semiotics of Biogenetic Information, Gariaev P. et al [19] that it can be
hypothesized that the genetic code (in an explanation relevant to both DNA and
RNAD is such a minimal chemical rewrite system for quantum holographic
computation, such that the chemical base pairings of genetic code constitute its
two rules or productions. That is to say that the base pairing A = U symbolizes
the fact that some initial state must be rewritten as in RNA action where A=T
delivers the new symbol, which maybe a single character, a subset alphabet or
an entire alphabet. That is, it represents the create operation, so that by contrast
G=C symbolizes the conserve operation, which examines/proof-reads all
symbols currently in existence to ensure no anomalies exist as a consequence of
the Dbringing into existence of the new symbol. This rule therefore
verifies/maintains the conservation of 3 dimensional chemical structural stability
(such that Dirac nilpotence is maintained !!) in the process of the development
of the human embryo via cell division ie it defines natural selection. Thus at the
commencement of human development, A may be said to symbolize the human
individual to be delivered (ie born) as a single stable 3 +1 dimensional chemical
unit or structure, once the entire genetic alphabet of that individual, specified by
the subset alphabet of the 46 human chromosomes /symbols has been fully
realized, or an anomaly occurs such that the development is aborted.

This evidence fits well with the mathematical-linguistic model of Chomsky, that
postulates common principles, underlie any language and to concern "a
universal grammar"” [20]. From Chomsky's view, such "universal grammar" is
inherent, i.e. it has some genetic determinants. This is an extremely important
circumstance, which once again emphasizes the super-genetic relationship of the
DNA semiotic structures and human speech structures. To a limited extent this
position has already been partially confirmed in the study cited which shows the
similarity of characteristics between the DNA and the human speech. Chomsky
Is therefore probably right, when he argues that the in-depth syntax
constructions which constitute the basis of the language, are passed down from
generation to generation, providing each individual with the capacity to learn the
language of its ancestors. The fact that a child easily learns any language is then
explained through the theory that the grammars of all languages coincide, and
the essence of the human language is invariant for all people. But it can now be
supposed, that this invariance extends even more deeply, down to that of the



macromolecular semantic (“speech") chromosome structures. Further
independent confirmation in relation to the DNA-wave biocomputer [19b]
comes from quantum holographic imagery [21,pagel59 ;16e,page235]. For here,
3 dimensional spatial object images, the observations are phase conjugate (pc)
so as to coincide with the 3 dimensional objects themselves, the observed. That
Is to say, it is the 3 dimensional objects themselves that are the symbols that
implicitly label all aspects of experience, the observations, in a universal way for
all observers, so as to form the basis of communication between all those
observers with a common genetic heritage and sensory apparatus. The bases of
all languages in this case are therefore shared arbitrary symbols or semiotic
labeling of these objects and their properties such that

Each (pc) holographic the holographic encoding
encoding on a 3D object maps to and from of the arbitrary label for
or symbol < mmmmmmmmmm - > that object or symbol
right corpus callosum left

where such mappings are unique since no two objects can occupy the same
position in 3 dimensional space. This mapping schema could then explain the
morphology of the human brain which concerns the two brain hemispheres and
the corpus callosum, which joins them. That is to say, the right hemisphere that
realizes the holographic encodings of the real world, (concerning the geometric
continua) is the artistic brain, and the left, that realizes the arbitrary labelings of
these real world objects or symbols and their properties (concerning the
arithmetic continua), is the logical brain. For in the latter, an essential element of
the mapping of such labeling of objects includes numbers and sets and their
logical relationship one to the other, where these must be acquired by learning.
This mapping schema can therefore be postulated as the basis of Chomsky
universal grammar or of the R&D nilpotent rewrite system in the human brain as
a neural system, as fundamentally laid down in the genetic code.

The following experiments that any one can perform provide a partial
confirmation of this. Snap one’s fingers at some distance away from the head
and ask where your hearing senses detect the noise of the acoustic snapping. It is
outside one’s head exactly coincident with the snap itself. That is, the acoustic
object image of the snap and the snap itself coincide, which is the definition of a
phase conjugate object image. Similarly place a glass on a nearby table and
reach out and touch it. Again one’s senses of sight and touch are such that, in
every particular, in 3 spatial dimensions that they coincide with those of the
glass, itself. That both the visual and tactile object images produced by the brain
are phase conjugate object images of the glass. And the condition of phase
conjugation is a fundamental one, because human or indeed the survival of any
living system depends one the finding of any object where it actual is.



Furthermore this structure of the brain, [16e, page235] shows how the human
brain is able to assign meaning to human language by providing each name or
symbol uniquely with a meaning by means of the object and its properties, with
which each stored phase conjugate object image would be associated. And this
must be the true power of the human brain that it is able to process meaning ie
process words not just syntactically but by their semantics, as known from each
human beings actual geometric/holographic experience. Furthermore although
such experience will be subjective in part since it takes from the reference frame
and viewpoint of that individual, there always remains a fundamental
mechanism, the 3D objects of the real world themselves known through their
phase conjugate object images, which provides the common medium for all
objective human communication. That is to say in the case of the glass or any
other object that all parties may reach out to touch, so as to see, hear, or to smell
the object in question so as to determine the truth about it as stated by the other
parties, or nowadays to determine exactly the nature of those properties through
common scientific instrumentation and experiment. The process known as
science.

6 Conclusion

The evidence that the structure of the cosmos, the genetic code, the human brain,
and human language corresponds to quantum mechanics as determined by the
generalized nilpotent Dirac equation, and to the complementary semantic theory
of quantum holographic pattern recognition specified by the corresponding three
dimensional nilpotent Heisenberg Lie Group [7,22] is therefore a well
determined testable scientific hypothesis. Further these two nilpotent
representations correspond to the required division of the nilpotent quantum
mechanical state space into its Clifford/fermionic and Lie/bosonic parts.

In particular, from Kilmister’s Brouwerian Foundation of the Combinatorial
Hierarchy (CH), based on Conway’s generator for the surreals, section 2 above
and the extensive body of ANPA CH research, it can be hypothesized that the
CH is itself a nilpotent computational rewrite system for quantum physics based
on the two symbols 0 and 1, and thus from section 3 corresponds to another of
Wheelers’ well known prescient conceptions that of “It (the cosmos) from bit”.
Bastin’s highly intuitive pre-CH conception that there must exist a
computational foundation for quantum physics that lead ANPA quite correctly
to the CH was thus completely correct.

Appendix Riemann’s Hypothesis — the Basis of a Possible Proof?



This appendix presents a novel physical perspective within which the idea for a
proof of the Riemann Hypothesis is described based on the discovery by R&D
of the universal computational nilpotent rewrite system, and the fact, as shown
by Deutsch that universal computation is now recognized to be fundamentally a
physical process.

The perspective

Quantum Coherence/non-locality is the sole origin of the nilpotent quantum
cosmology presented above, and as the 4 vector representation indicates, this
cosmology is general relativistic. A conclusion:-

1) in strong agreement with all the evidence of experimental cosmological &
elementary particle physics, for there exists no confirmed experimental evidence
of incompatible physics beyond, and

i) much in favour that the condition of nilpotency provides, such as a zero
vacuum energy, which is the unaccounted for stumbling block to current
cosmological theory.

It therefore hypothesized from all the above evidenced already presented
that Nilpotence is the key to proving the Riemann Hypothesis.

In particular nilpotence is exceptional in determining both the amplitude &
phase of the quantum state vector, where phase is known to encode geometric
information i.e. that of 3+1 space-time as in a (quantum) hologram, as proposed
in some current cosmological theory. It cannot be a coincidence therefore that at
the empty cosmological origin postulates above, there is both the spatial and
temporal quantum coherence necessary for holographic full wave front recon-
struction. A adaptive resonant process, described as in actual nuclear magnetic
resonance medical imaging (NMRI), by the 3 dimensional nilpotent Heisenberg
Lie group, the algebra of which defines the Heisenberg uncertainty! This
(uncertainty) together with the nilpotence, implies there is, respectively, both
guantum (coherent) self-interference and the necessary corresponding zero
energy reference frame or wave, for quantum holography, as discovered by
Schempp [33, etc], to take place. That is to say this cosmological origin would
indeed constitute a quantum hologram, from which the cosmos itself comes into
being, by full wave front reconstruction as in fact is evidenced by its 3D spatial
dimensionality from scientific measurement.

The Concept of the Proof

The concept of the proof therefore arises from the properties the nilpotent
guantum mechanical state space of the above hypothesized cosmology or
physical system.

For it is again no coincidence, that both the nilpotent Dirac and Heisenberg
representations coexist as the fundamental basis of this system, for in its
quantum mechanical state space, they are, respectively, the required division of



that nilpotent space into its fermionic/Clifford and Lie/bosonic representations,
where, for example, the description of quantum holography remarkably arises
from the fact that in relation to quantum phase only phase difference is of
physical importance, because each quantum state vector is only defined up to an
arbitrary constant phase (i.e. is arbitrary up to an isomorphism). That is to say :-

1) the quantum holographic image encoding/decoding procedure must
necessarily involve coherent mixing with a quantum reference signal beam,
which defines its reference frame, and this is the role, which the 3D Heisenberg
nilpotent Lie group G plays with regard to 3D space in 3+1 space-time.
Moreover G possesses the required inverse dual G’ so as to ensure this
encoding/decoding is indeed possible, as is known to be the case from NMRI,

i) in this nilpotent system, it must therefore be constant arbitrary phase which
represents quantum coherence, so as to constitute the “phaseonium” with the
potentiality of the infinite degrees of freedom necessary to its Quantum Carnot
Engine (QCE) evolution[11], which is indeed universal (see below, and note that
‘constant’ means invariant i.e. fixed as in a fixed past rather than forever
unchanging), and

iii) the complementary Clifford/fermionic state space, the Pauli exclusion
principle tells us, provides the canonical labeling required such that the quantum
holographic image informational processing constitutes computation. That is to
say, the gauge invariant geometric phases appropriate to the entire nilpotent state
space and more particularly the quantum holography must, by the exclusion
principle, all lie on the line spin %2 and so can be identified with the zeros of the
Riemann Zeta function. The Pauli exclusion principle, together with the
universality of this nilpotent state space, which corresponds to the universal
computational nilpotent rewrite system as found by R&D, thus show the
Riemann Hypothesis to be true! Moreover the universal rewrite nilpotent system
confirms R&C’s finding that the nilpotent Dirac equation has a proper time. The
nilpotent state space therefore has global time reversal asymmetry as is implied
by its QCE evolution. Thus not only do the distribution of the primes specified
by the Zeta function play a game of chance representing the optimum strategy
for survival in the specified proper time evolution, but the 3 dimensional
structures which correspond to each zero of the Zeta function, are universal
Invariants/constants of the entire state space! That is, to say, the Zeta function
constitutes a standing wave in the space, and this standing wave which concerns
a mapping of all the integers, is therefore the projection of universal quantum
onto universal digital, computation.

Conversely in any quantum mechanical state space, because of the required
division of the space into its Clifford/fermionic and Lie/bosonic parts, the Pauli
exclusion principle implies there must always exists unique ‘global’ fermionic
spin states lying on the line spin Y2, and that such states, must, if the Riemann
Hypothesis is true, necessarily define zeros of the Zeta function so as to
constitute the ‘global’ nilpotents of that space, where quantum coherence is



necessarily non-zero. That is to say the ‘global’ gauge invariant phase[10]
corresponding to each zero will have quantum holographic properties, and be
such that at this zero, phase conjugation[7] can take place. Remarkably too,
while at each of these zeros there is locally time reversal symmetry, because of
the Pauli exclusion principle, they are susceptible to re-arrangement in a definite
order, so it can be postulated, they have a proper global time ordering.
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