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Abstract

The purpose of this lecture is to show that no theory can be regarded
as a complete one and this leads to indeterminism. This can be proved by
means of a theorem which can show that the logical communication system,
through which all theories are stated, is contradictory. According to the
present point of view any uncertainty-incompleteness derives from the
logical communication system itself and not from empirical principles
which cannot be proven as valid. On this basis can be proved that space time
is matter itself, Schrodinger’s relativistic equation is valid and that the ¥
wave function is a complex space time function described in a Hypothetical
Measuring Field (HMF). Thus, a Space Time Quantum Mechanics-Quantum
Gravity can be stated and this is a Minimum Contradictions Theory of Everything,
According to the present point of view, new phenomena and technologies, related
to free energy and reactionless propulsion, can be explained and this reinforces the
credibility of this theory.

| Copyright © 2020 by Hadronic Press Inc., Palm Harbor, FL 34682, U.S.A.
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1. LOGIC ANALYSIS

If we denote by A a logic consisting of the Classical Logic denoted
as B, and the Sufficient Reason Principle regarded as a Complete Proof

Principle denoted as P, , we will have [1, 2]:

A=P P,

where P, is defined as:

Complete Proof Principle - P,: “No statement is valid if there is not a

complete logical proof of the statement, through valid statements different
Sfrom it.

”On this basis Theorem I can be derived i.e.:

Theorem I: "Any system that includes logic A and a statement that is not
theorem of logic A leads to contradiction™ [1, 2].

We name ‘0’ the state before our communication and ‘1°, <2°, 3
the sequent states of this communication. ‘0’ corresponds to the non-
existence of any communication symbol while ‘1> to some symbol
existence. From the non-existence of something cannot derive logically its
existence. Working in the same way we have that a “posterior” does not
derive logically from its “anterior”. Therefore the Anterior — Posterior

Axiom is not theorem of A . Applying Theorem I we obtain Statement [
[1,2]:

Statement I: "Any system that includes logic A and the anterior-
posterior axiom leads to contradiction.”

where the anterior — posterior axiom is stated as follows:

Anterior — Posterior Axiom (A-P Axiom): “There is anterior-posterior
everywhere in communication. ”
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Kantian 3 antinomy has similarities with statement I [3, 4]; Kant’s
3" antinomy proof requires that a transcendental causality can exist a priori
in contrast to theorem 1.

Godel and Rosser theorems [5, 6] could lead to same results as
theorem I [1, 2]; however as H. Putnam [7] in his critic to R. Penrose’s
Shadows of the Mind [8] has noticed, they are restricted to computational
well defined processes, not to logical communication in general [9].

Based on Theorem I and Statement I, we conclude that a system
including the principles of logical communication leads to contradiction.
This leads to the silence, and therefore when communicating logically it
means that we decide to break the silence by avoiding contradictions on
purpose [1, 2].

Despite statement I, we do communicate in a way we consider
logical avoiding contradictions on purpose. Since contradictions are never
vanished, we try to understand things through minimum possible
contradictions. On this basis we can state [1, 2]:

Statement II - The Claim for Minimum Contradictions: "What includes
the minimum possible contradictions is accepted as valid."

According to this claim we obtain a logical and an illogical
dimension. In fact, through this claim we try to approach logic (minimum
possible contradictions), but at the same time we expect something illogical
since the contradictions cannot be vanished.

All axioms mentioned, the claim for minimum contradictions
included, constitute the principles of the active logical language; when we
speak we persist in logic despite of the existing contradictions.

Every theory includes at least the axioms mentioned; therefore no
theory can be complete since it includes contradictions. On this basis, a
minimum contradictions physics can derive where the physical laws are the
principles of the active logical language; this physics is a stochastic matter-
space-time QM implying a quantum gravity [1].
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COMMON ROOTS OF RELATIVITY THEORY AND QM
2.1 General

According to theorem I, further axioms beyond the ones of logical
communication must be avoided since they can cause further contradictions.
The systems of axioms we use in physics include the logical communication
and, therefore, their contradictions are minimized when they are reduced to
the logical communication itself,

At first sight, for a minimum contradictions physics we can make the
following statement [1, 2]:

Statement II1: In a minimum contradictions physics everything is described
in anterior—posterior terms.

If there is space-time then there is anterior posterior so that space-
time can be measured and denoted through the communication (language).
Inversely, if there is anterior-posterior in communication then there is space-
time. In fact, in order to write something we need space; also we need time
since we cannot write in a simultaneous way. Thus, because of Statement
III we can state the following [1, 2]:

Statement 1V: In a minimum contradictions physics everything is described
in space-time terms.

Since everywhere there is space-time and not something else, space-
time can be regarded as the matter itself. A matter system, in general, has
differences within its various areas. This means that a matter system, in
general, is characterized by different rates of anterior - posterior (space-
time) within its various points. This means that time can be regarded as a
4" dimension which is compatible to Lorentz’ transformations and in
extension to a relativistic theory [1].

2.2. Hypothetical Measuring Field

Basic tool of this work is the Hypothetical Measuring Field (HMF)
[1]. ‘

As Hypothetical Measuring Field (HMF) is defined a hypothetical
field, which consists of a Euclidean reference space-time, in which at each
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point Ay the real characteristics of the corresponding, through the
transformations of deformity, point A of the real field exist.

In the HMEF, it is defined as a relative space time magnitude s7, the
ratio of the real infinitesimal space time magnitude ds to the corresponding,
through the deformity transformations, infinitesimal magnitude ds, of the
reference space- time, i.e. sr=ds/ds,. This can apply to relative time
tr=dt/df, to relative length in a direction m i, =dl, / dl,, andto arelative

volume vr=dv/ dvo .

2.3 Equivalence of Energy and Time

In a space-time description we don’t know a priori what energy is.
We define energy dE of an infinitesimal space-time element its “ability to
exist’. We may notice that an infinitesimal space-time element with energy
dE exists on condition that some corresponding ‘anterior-posterior’ exist
too. With respect to the HMF a space-time element is observed during a
time df that is different from the time d, of the corresponding reference

space-time element. Various space-time elements in the HMF have
different dt for the same dt, . Thus, df measures the duration i.e. the ability
of a space-time element to exist; this ability, by definition is energy; when
dt = dt,, this ability is dE, . Thus, we can write [1]:

dE~dt and dE/dE, =dt/dt, )

which is a relativistic relation. Relations (1) show the equivalence of a
space-time element energy to the time flow rate within this element. When
dt is a constant period of time in the HMF, then Eq. (1) can be written in the
form:

dEdEy = dt/ dty = (f Iv)/(f Ivy) = vy /v @)

where v is the frequency of a periodic phenomenon of comparison and fan
arbitrarily constant factor through which we can change the scale of time.
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If v=1, v, must be different in various points (r,z) of the HMF. If this is
the case Eq. (2) can be written in the form:

dE | dE, = v,(r,t) (3)
Thus, for the same equation we have the following versions [1]:

dE/dEy = dt/ dt observation (relativity theory) 4)
dE | dE, =v,(r,t) action (quantum mechanics) )

Thus, at a first sight relativity theory and QM have common roots
[1]. On this basis, we can reach the basic De Broglie’s principle for a particle
energy; in fact for E, =4 we have (arithmetically) that:

E=hy (6)

3. STOHASTIC SPACE TIME
3.1 General

At _second sight, taking into account the above mentioned and
applying the claim of the minimum contradictions, we conclude that matter-
space-time has logical and contradictory behavior at the same time; this
can be valid when space time exists and not exists at the same time (illogical
behavior) while it implies the existence of logic. This can be approached by
the aid of a hypothetical measuring field HMF. If this is the case we can
say that space-time has a probability to exist and to correspond to an
infinitesimal area around a point (r,?) of the HMF. Thus we can state the

following:

Statement V: Minimum Contradictions Physics can be described by
Stochastic Space-Time.

However physics describes any matter system i.e. matter, anti-
matter, mass and charge. On this basis statement V has sense if there are
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various kinds of space time corresponding to the various forms of matter.
Thus we can use signs +1, -1, +1, -i for vatious states. For the purposes of
stochastic space-time description, the following definition is useful [1]:

In a HMF, we define as mean relative space time magnitude sr the

ratio of the mean real infinitesimal space time magnitude ds to the
corresponding infinitesimal magnitude ds, of the reference space- time 1i.e.

sr=ds/ dsy . Thus, for mean relative time we obtain: # :E‘/dto. The

relative space-time magnitudes mentioned above, are denoted by SR, TR,..
when they refer to mean values of a particle space-time field.

4. EQUATIONS OF MINIMUM CONTRADICTIONS PHYSICS

The minimum contradictions equations are here mentioned in order
that a general idea on the results of the minimum contradictions physics
might be introduced.

The electromagnetic (em) space-time, is a space-time whose all
magnitudes are considered imaginary and behave exactly like the
gravitational (g) space-time. Electromagnetic (em) space-time is described
by means of space-time wave functions such that [1]:

lPem (rem ’ tem) = \me (l', t) (7)

where Eq. (7) has meaning due to the coexistence of (g) and (em) space-
time under a scale which appears to be equal to the fine structure constant
o [1].

According to the spirit of this paper there is not potential acting at
a distance since space time is matter itself. By the aid of Fourier analysis
and without any other physical principles the following can be obtained [1]:

a. Relative Space-Time Operators (Relative Time, Volume, Length in a
direction n) .

) . . 1 . 2 2\ 2
TR=-2 VR= 2z IR, =|1-0 2t ot ®)
A/ o /ot myc’
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. Particle Schrédinger’s Relativistic Equation (Klein-Gordon) for (g)

and for (em) Space-Time:

2

(1,0) = 2V (1, 1) = ~(moc | 1) E(r, 1)

®

(10)

or’
. Many body Schrédinger’s Relativistic Equations for (g) and for (em)
space time:
o O¥, (r,)
ox, ¥ _(r,1) (j=12,34)
i s
0 D‘I’egm (r,t) _

=0 o
axj \{/fm (r,t) (.] - 192939 4)

. Energy Conservation:

APGUINCA IR CHNEN

em

a,(
ECTI I S (A

!

. Momentum Conservation:

VY, (r,t VW (r,t
g( )+0( em(r ))=0
¥, (1,1) e, (0,2)

9, (

i

(11)

(12)

(13)

Geometry of (g) or (em) Space-Time i.e. Mean Relative Time and Mean

Relative Length in a Direction n at a Point (r,t):
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z'c a"tLP

tr(r, f)=——-—"
2% (Yow)”

(¥*ow - \Pﬂ,\y*) (14

ihw (L owia ), . %

Irn rt)=———1-c"—-"2 | (95,9 _yo,¥

(1) 2@1!( /o j (¥ )
(15)

The above equations cannot describe a unified field on the basis of
common boundary conditions; they need to be self determined [1]. This
implies the existence of incompleteness-volition (Free Will) and Indeter-
minism. These equations imply a statistical interpretation and a distribution
of matter space-time according to Schrodinger Relativistic ~Equation
probability density

P(r.1) = @h/ 2mye®) (¥ opw ~wo,w") 16

In this case, ¥ function locally is described by an equivalent local
space-time particle field wave function Wi, where this field is regarded as
extended to infinity. This can occur when equations (10 to 13) have constant
values of My, OF Mg, only in the vicinity of various (r,f) of the (HMF).

5. QUANTUM GRAVITY
The gravitational acceleration g(r,#) represents the force that must
be applied to a unit of mass at every point (r,) in order that energy will be
distributed according to the probability density function P(r,z). It can be
proven that [1]:
2' 2 _
g(r,f)=———VP(r,1) = Vir(r,t)
P(r, 1) tr(r, 1) “”
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From equation (17) for a particle field, because of equation (16) it holds:

AV (¥ 0% - w o, v
SAS TS (1)

g(r,?) =

Equations (17, 18) describe a unified relationship which is valid
everywhere. Under certain simplifications it can be proven that equation
(17) is compatible to Newton and to Coulomb law as well as to the
relativistic formula for gravity [1]. This implies a convergence of a
Deterministic with an Indeterministic point of view.

6. POSSIBILITY TO VERIFICATION OF (G) AND (EM)
INTERACTION

6.1 General

According to the present point of view new phenomena and
technologies, related to free energy and reactionless propulsion, can be
explained and this reinforces its credibility. There have been made many
devices to produce energy or to create propulsion through the vacuum [15-
24]. In the present paper the effects - devices we use to possibly verify the
(g) and (em) interaction are the following:

6.2 Santilli’s Etherino

The neutron was conceived by H. Rutherford as a "compressed
hydrogen atom" in the core of a star. Don Borghi claimed the laboratory
synthesis of the neutron from protons and electrons; this experiment
remained unverified for decades due to the lack of theoretical understanding
of the results. R.M. Santilli has verified and theoretically explained this
experiment by the aid of a particle process which he called as etherino (from
ether) on the basis of Hadronic Mechanics [10, 11]. The Etherino Process
has been found to. be compatible to ‘Minimum Contradictions Physics’
which implies that space time is matter itself and consists of gravitational
(g) and electromagnetic (em) space time which are interconnected and
communicate through photons (particles with zero rest mass). A basic
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consequence of this, is the Statement: “During the approach of an electron
to a proton there is absorption of gravitational space time energy” [1, 12].

6.3 U.S. Patent No. 8,952,773

The device of the U.S. Patent No. 8,952,773 [13] is illustrated in fig,
1; this device consists of a superconducting nozzle connected at its narrow
end with a permanent magnet, which can create propulsion without any
external energy source but only in the direction South to North.
Experimental verification was carried out both at the Technological Institute
of Thessaly (now the University of Thessaly) in the Laboratory of
Renewable Energy and in the Solid State Physics Laboratory of the National
Kapodistrian University of Athens.

6.4 PCT/GR2020/000040-Priority GR 20190100373 patent application

The device of the PCT/GR2020/000040 patent application [14] is
illustrated in fig. 2 and fig.3 and consists of a soft iron core, of constant or
changing axis of symmetry and constant or changing cross sectional area,
which is surrounded by a REBCO tape solenoid producing DC or AC
magnetic field and a magnetic shield which does not permit the magnetic
field to penetrate it; this device can create a propulsive force upwards.

P
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Abstract

Quantum scale “uncertainty” effects limiting measurement accuracy appear
to reflect the actual properties of quantum particles as has been well
substantiated in numerous experimental examples. However, the concept of
uncertainty appears to lack any clear physical basis and stands as an effects
descriptor, not as a causal description of actual particulate physical
properties. The famous EPR paradox is examined, assessed and placed into
current perspective then new theory is presented defining the functional
causal basis of observed uncertainty effects. Lastly, experimental evidence
will be presented in support of this new model.

"When we see probability we do not see causality, we see the limits placed upon our ability
to observe overcome by way of an ingenious guess at the result. In this clever approach
where cause is neglected for the prediction of outcome; we must not forget it is we who can
not see. Physical systems are not guesszng
at themselves.”

—R.N,

Copyright © 2020 by Hadronic Press Inc., Palm Harbor, FL 34682, U.S.A.
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Introduction.

To many the whole notion of uncertainty, as discussed in quantum
mechanics, comes as something of anathema; the whole idea seems to
contradict commonsense. It would appear, therefore, sensible to examine
this apparent basis for much of modern physics again and in some detail. At
the same time it would seem appropriate to examine other uncertainty
relations which come into modern physics. Amongst these must be the idea
of uncertainty relations in thermodynamics and it is an examination of these
which could lead to an understanding of the entire issue, including possibly
a further consideration of the question of the completeness of quantum
mechanics as a theory and, therefore, of the validity of the claims of
Einstein, Podolsky and Rosen'. There are no uncertainty relations in
classical thermodynamics where, almost by definition, all physical
quantities are taken to have quite definite values. However, for example
when systems composed of a large number of particles are to be
investigated, statistical methods have to be employed since it is impossible,
at least at present, to evaluate exactly the behavior of each and every
individual particle. Hence, the subject ‘statistical mechanics’ came into
being. By its reliance on statistical methods and, therefore, the idea of
probability, the outcome of investigations becomes less definite and
uncertainties creep in. This is the source of the so-called thermodynamic
uncertainty relations which are considered in many texts®. Note though that
these uncertainty relations arise out of the introduction of uncertainty into
the theory by investigators; they do not appear purely as a result of the
physical situation being discussed. Hence, such relations and any deductions
made using them must be viewed with a degree of skepticism and treated
accordingly since it is not at all obvious that any such deductions are
physically realistic. It might be wondered if the same could be true of the
uncertainty relations of quantum mechanics. In his seminal book®,
Heisenberg first introduces his relations via a quite simple but definitely
approximate method using a wave picture. He then proceeds to derive them
also without explicit use of the wave picture but then obtains from them the
mathematical scheme of quantum theory and its physical interpretation.
However, at the basis of much of the mathematics associated with quantum
theory is the wave equation with the so-called wave function associated with
a probability. Once probability comes into things, uncertainties in measured
quantities must necessarily follow. Hence, the question must be raised as to
whether, or not, the uncertainties associated with quantum theory are real
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physical uncertainties or uncertainties introduced surreptitiously by
theoreticians, just as occurs in statistical thermodynamics?

All the work that follows is really an extension of earlier work which
appeared in the Hadronic Journal and is available online®. Any reader of the
current work is encouraged to read the full work mentioned here first in
order to grasp more easily that which follows.

Some Preliminaries.

To begin with, the original paper by Einstein, Podolsky and Rosen' should
be examined. It may be noted that several important points concerning the
thought experiment are proposed:

" ..every element of the physical reality must have a counterpart in the
physical theory."”

"The elements of the physical reality cannot be determined by a priori
philosophical considerations, but must be found by an appeal to results of
experiments and measurements."

"More generally, it is shown in quantum mechanics that, if the operators
corresponding to two physical quantities, say A and B, do not commute, that
is, if AB#BA, then the precise knowledge of one of them precludes such a
knowledge of the other. Furthermore, any attempt to determine the latter
experimentally will alter the state of the system in such a way as to destroy
the knowledge of the first. From this follows that either (1) the quantum
mechanical description of reality given by the wave function is not complete
or (2) when the operators corresponding to two physical quantities do not
commute the two quantities cannot have simultaneous reality. For if both of
them had simultaneous reality-and thus definite values-these values would
enter into the complete description, according to the condition of
completeness."

"Thus, by measuring either A or B we are in a position to predict with
certainty, and without in any way disturbing the second system, either the
value of the quantity P (that is py) or the value of the quantity Q (that is g,)."

"Previously we proved that either (1) the quantum-mechanical description of
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reality given by the wave function is not complete or (2) when the operators
corresponding to two physical quantities do not commute the two quantities
cannot have simultaneous reality. Starting then with the assumption that the
wave function does give a complete description of the physical reality, we
arrived at the conclusion that two physical quantities, with noncommuting
operators, can have simultaneous reality. Thus the negation of (1) leads to
the negation of the only other alternative (2). We are thus forced to conclude
that the quantum-mechanical description of physical reality given by wave
functions is not complete."

Two primary elements of the EPR argument may now be noted separately:

1. It is possible to define both position and momentum of two previously
interacting quantum particles/systems.

2. Measurement may not (non locally) disturb system two if system one is
measured, unless a hidden variable not yet defined within the context of
wave function is identified.

Point two is clearly implied from the last sentence in the paper:
"We believe, however, that such a theory is possible."
and the aforementioned sentence:
"...every element of the physical reality must have a counterpart in the
physical theory."

It is important to note at this juncture, the concerns of Heisenberg regarding
such fanciful methods of deduction and exploration as thought experiment
and human imagining alone, which appear to closely parallel Einstein's
views of the same, as already noted above.

From Heisenberg's book’, p. 15, concerning the reality of uncertainty as per
his equations in physical systems, he states that

"In this connection one should particularly remember that the human
language permits the construction of sentences which do not involve any
consequence and which therefore have no content at all—in spite of the fact
that these sentences produce some kind of picture in our imagination."

The reader of this present article should note this point as it is important in
what follows.
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Analysis of EPR feasibility.

If the notion of the EPR argument is sound, one would expect the scheme to
be used in some sort of demonstrable way. If the idea is good and leads to
accurate measurement, some practical usage must have been made of it after
all these years. Entangled science aside, is the basic notion in point one
above actually demonstrable?

Let us bring forward the usual interpretations of the EPR ideas, and imagine two
quantum particles which have interacted, and are now moving directly away
from each other at a 180 degree relation. This is the interpretation most used,
that akin to the thinking of Kumar’ which defines the EPR idea as "two
particles, A and B, [that] interact briefly and then move off in opposite
directions."

Is this scheme actually able to measure anything, and is it used? Seemingly
yes. Positron Emission Tomography scanning (the PET scan) appears to
use this idea to measure biological processes and define the locations
thereof. A PET scanner is essentially a gamma ray detector. In PET scans,
Blood Oxygenation Level-Dependent relations indicative of tissue oxygen
metabolism are detected through positron/electron annihilations created by
way of an injected radioactive oxygen tracer such as 150, which has a half
life of 123 seconds. As the unstable nucleus of a 'O atom decays having
been absorbed by dynamic oxygen using tissues such as neurons, it emits a
positron. The positron annihilates when brought in contact with an electron,
emitting 2 (gamma) annihilation photons which travel in exactly opposite
directions, a 180 degree relation of two quantum particles moving at a
constant mutual speed, allowing accurate measurement of the location of the
source interaction in space, and also, inference could easily be drawn from
one particle measurement to the values of the other.
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It may be concluded that the basic notion is in fact quite functional as a
system of measurement when used in a general way. It is clear also that
scientific observers could easily infer the position and momentum of one
particle from measurement of the other, which travels in mirror opposite,
both at a known speed.

It seems the EPR scheme does allow actual measurement as it should in
reality, and is not just a fanciful idea one may draw up to form a picture in
one's head, and so, answers in this one aspect at least, Heisenberg's and also
Einstein's standards of a workable theory as represented in good science.

Next, we move to the nonlocal aspects of the EPR theory and assess the
outcome of experiments. Local realism insists that measurement of one
separated system part could not ever superluminally affect the other
separated parts of the system (presumably unless some missing, hidden
variable is in play). Recall that, in the Copenhagen interpretation of QM,
the wave function is entirely a probabilistic entity! However, it is found that
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nonlocal measurement effects moving well in excess of light speed are
evidenced and those results then repeated in experiments involving
entanglement.

In an article by Yin, et aLé, it may be read

“In the well-known EPR paper, Einstein et al. called the nonlocal correlation in
quantum entanglement as “spooky action at a distance'. If the spooky action does
exist, what is its speed? All previous experiments along this direction have locality
and freedom-of-choice loopholes. Here, we strictly closed the loopholes by
observing a 12-hour continuous violation of Bell inequality and concluded that the
lower bound speed of “spooky action' was four orders of magnitude of the speed of
light if the Earth's speed in any inertial reference frame was less than 107 times of
the speed of light."

Here, the new theories come good and the matter may be resolved in favor
of a hidden variable: the scalar wave within the aether. See reference 4. Of
course, in any modern discussion of the EPR paradox, it must never be
forgotten that a resolution was presented in 1998 by Ruggero Santilli’ and
this has, as far as is known, never been discredited. Hence, it appears that,
when the whole question of the EPR paradox comes under discussion,
reference should be made to this work.

Cause of quantum uncertainty effects.
Again the reader should remember of the cautionary words of Heisenberg:

"In this connection one should particularly remember that the human
language permits the construction of sentences which do not involve
any consequence and which therefore have no content at all—in
spite of the fact that these sentences produce some kind of picture in
our imagination."

It might be postulated that the notion of "uncertainty" itself is exactly such
an error as Heisenberg himself cautions against! This property is particulate
anthropomorphism...we assign a human quality, uncertainty, a kind of
affective and logical confusion, to a physical particle. Yes; humans can
form this idea, an idea of a particle which is somehow confused as they are,
but that is a human idea, not a physical idea. Although it may be pictured, it
has no actual physical content.
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What could actually be causing the observed measurement results of
quantum experiments? If not uncertainty, what is the physical cause of the
measurement problem and seeming duality between particle and wave?
Duality is always the mark of confused thinking, as are most if not all
paradoxes. What could be causing the plainly available "uncertain"
experimental effects. It must be a real physical object, and not some
confused human imagining!

In truth, Heisenberg’s uncertainty relation

AxAp, = h
describes effects, not causes. There seems to be no physics in this! What
actual object could cause these measurement and other "uncertain" quantum
effects?

There is a hidden variable; that is, the aether and the longitudinal pressure
waves (scalar waves) which form up "force carrier," entangled and
gravitational effects. See reference 4.

Now recall boundary layer theory as applied to the aether; that is, the
boundary between the aether itself and any body passing through it or over
which 1t passes. Details of the theory of the boundary layer, due initially to
Prandtl may be found in most books on fluid mechanics such as that by
Colé®.

Imagine an aetherial boundary layer around a particle. The original
uncertainty equation is missing the basis - there is no basis to the physics - it
describes only effects. The boundary layer as a particle-surrounding scalar
wave accounts for the causal mechanism of uncertainty effects, (as well as,
possibly, nuclear decay and fusion as will be discussed in future work) - the
measurement uncertainty is then caused by an actual wave surrounding the
actual particle; not a wave-like particle duality. Physics has left out the
aether and, hence, the wave around each quantum particle. The “uncertain”
momentum and x component of velocity in the Heisenberg equations are
themselves caused by this wave obscuring those aspects of the particle. The
overall change as diffusion then refers to the heat within the scalar wave and
hence its initial (quantum) size, delta in the Heisenberg equations then
referring to the amount of change in temperature above absolute zero, in a
causal analysis and proper treatment’, That wave is the source of “diffusion”
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effects. Note how in the paper, Entropy of a column of gas under
gravity'®, heat first added to the system creates gravitational potential (in
part) and not only increase in temperature. That gravitational potential is, by
our present theories, the creation of the scalar waves which create a
gravitational field. See reference 4.

If this is so, and our theory correct, a violation of measurement
"uncertainty” should be observed in experiments if the scalar waves around
the particles are deprived of heat. Indeed, this is exactly what is seen in
experiments. The back action limit, the quantum limit on measurement
precision bounded by uncertainty, is violated, and now, just as might be
expected, absolute zero may be approached arbitrarily close to deprive the
actual source of uncertainty effects of the heat needed to create them. As
Clark and colleagues have pointed out recently'':

"Here we propose and experimentally demonstrate that squeezed
light can be used to cool the motion of a macroscopic mechanical
object below the quantum backaction limit. We first cool a
microwave cavity optomechanical system using a coherent state of
light to within 15 per cent of this limit. We then cool the system to
more than two decibels below the quantum backaction limit using a
squeezed microwave field generated by a Josephson parametric
amplifier."

Uncertainty is experimentally demonstrable as a function of heat
instantiated within the boundary scalar wave surrounding the particle. It
appears likely that, as heat is further reduced as absolute zero is approached
more closely, the cause of quantum uncertainty and fluctuation which is the
omnidirectional motion of aether particles within the particle boundary
scalar wave is then reduced, perhaps by way of energy reduction of the
aether particle itself and/or alignment of said omnidirectional particle
motions, leading to the absence of any wave-forming particulate energy
value at absolute zero temperature.

Quantum  fluctuation effects and related uncertainty are caused by
omnidirectional aether particle motion. Uncertainty itself within quantum
particulate measurement dynamics is actually caused by the boundary
wave, surrounding a guantum particle as a function of heat.
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Uncertainty effects emerge as a function of quantum scale, as the aether
particle size is more closely approached.

Lastly, new experiments are seen where, as might be expected, heat is
reduced to permit the proliferation of related condensate and EPR effects to

12 . . 0 B
emerge. Note, for example the paper by Fadel, et al “ in which it is stated
that

"While spin-squeezed and other nonclassical states of atomic ensembles
were used to enhance measurement precision in quantum metrology,
the notion of entanglement in these systems remained controversial
because the correlations between the indistinguishable atoms were
witnessed by collective measurements only. Here we use highresolution
imaging to directly measure the spin correlations between spatially
separated parts of a spin-squeezed Bose-Einstein condensate. We
observe entanglement that is strong enough for Einstein-Podolsky-
Rosen steering: we can predict measurement outcomes for non-
commuting observables in one spatial region based on a corresponding
measurement in another region with an inferred uncertainty product
below the Heisenberg relation."

Uncertainty within internal and external dynamical systems.

Clearly the ideas within this brief work refer only to uncertainty effects
within the external dynamical problem, that of particulate interactions and
not to the internal dynamical problem of hadronic construction which is that
of nmon-potential contact interactions, meaning non-Hamiltonian systems
(that is, variationally nonself-adjoint systems not representable with a
Hamiltonian). Those hadronic and other like systems then, may be rightly
understood without erroneous reference to uncertainty by way of the
mathematics of Santilli.

These topics are discussed in detail at:
http://www.galileoprincipia.org/santilli-confirmation-of-the-ept-

argument.php

Briefly, as derived from the web reference above:
Extended and hyperdense protons and neutrons in conditions of partial
mutual penetration as occurring in a nuclear structure demonstrate
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nonHamiltonian forces. The assumption of the exact validity of
Heisenberg's uncertainty in the interior of a nucleus is non-scientific. The
hadronic isomomentum is uniquely defined by

PV, 1) =-18 (T, ) =-1U O y'(t, 1) (D

It is then plain that isolinear momenta isocommute on isospace over
isofields by therefore confirming the principle of isotopies

(o' P = ' * - * P =0 @

This occurs because the isotopic element T of the isoproduct "*" , cancels
out with its inverse, the isounit U =1/T. However, isomomenta no longer
commute in our spacetime,

[P% Pl =pipj-pipi#0 3)

because, in the absence of the isotopic product, the derivative does act non-
trivially on the isounit U due to its general dependence on local coordinates,
and this eliminates Heisenberg's uncertainty principle for the study of
interior problems and actually replaces it with a much more general
principle.

Some Final Thoughts on the Aether.

Before concluding, it might be appropriate to reflect on the demise of the
aether theories over the last hundred years and more. In the intervening
time, several people have doggedly pursued investigations into theories
involving the aether concept, often at personal cost. Among those was
Kenneth Thornhill and it might benefit many to read his work which is
readily available on the internet.'® In the cited article, he starts by showing
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that Planck’s energy distribution for a black body radiation field may be
derived for a gas-like aether with Maxwellian statistics. The gas consists of
an infinite variety of particles whose masses are integral multiples of the
mass of the unit particle. Also the frequency of electromagnetic waves
correlates with the energy per unit mass of the particles, not with their
energy, thus differing from Planck’s quantum hypothesis. Identifying the
special wave-speed, usually called the speed of light, with the wave-speed in
the 2.7°K background radiation field, leads to a mass of 0.5 x 10’39kg for the
unit aether particle. Interestingly, in this article he also shows that the speed
of light should vary with the square root of the background temperature. It is
not without interest to note that this suggestion by Thornhill would obviate
any need for introducing theories of inflation to protect the Big Bang notion.
More may be found on the whole question of the constancy, or otherwise, of
the speed of light in the article by Farrell and Dunning-Davies'*.

Also, before ending this section, attention should be drawn to a companion
paper by Thornhill”® in which he discusses in detail the fact that, in a gas-
like aether, the duality between the oscillating electric and magnetic fields,
which are transverse to the direction of propagation of electromagnetic
waves, becomes a triality with the longitudinal oscillations of the motion of
the aether if electric field, magnetic field and motion are coexistent and
mutually perpendicular. He points out that it must be shown that, if
electromagnetic waves also comprise longitudinal condensational
oscillations of a gas-like aether, analogous to sound waves in a material gas,
then all three aspects of such waves must propagate together along identical
wave fronts. This he shows to be the case. Further he finds that the
equations governing the motion and the electric and magnetic field strengths
in such an aether, together with their common characteristic hyperconoid,
are all invariant under Galilean transformation.

Conclusion.

The notion of "uncertainty" within physical systems is only an
anthropomorphic effects descriptor, not a causal description of physics.
Fluctuation effects in quantum systems and uncertain measurement effects
are in fact caused by a real object and not probability: the aether and the
scalar waves within it. Quantum mechanics as interpreted by the
Copenhagen interpretation is in point of fact: incomplete. The wave
function must be augmented in its interpretation to represent actherial and
scalar wave dynamics, at which point the adjusted theory would in fact
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satisfy Einstein's highest standards as a physical theory.
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Interpretation of wave function for free particle is suggested as a

description of microscopic distortion of the space-time geometry,
namely, as some closed topological 4-manifold. Such geometrical object
looks in three-dimensional Euclidean space as its topological defect
having stochastic and wave-corpuscular properties of quantum particle.
All possible deformations (homeomorphisms) of closed topological
manifold play the role of “hidden variables”, responsible for statistical

character of the theory.
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l.Introduction Interpretation of quantum mechanics means here an
explanation of strange features of its mathematical formalism (“copenhagen”
interpretation) with the help of notions from everyday life (physical model).
Attempts to find such explanation started just after the creation of quantum
mechanics and this problem is still considered by many physicians as actual.
For example, V.Ginsburg considered interpretation of quantum mechanics as
the one of three great problems of modern physics (as the problem of
appearance of life and the problem of irreversibility of time) [1]. The problem
of interpretation of quantum mechanics was investigated for many years by
t"Hooft [2] (here is a detailed list of references on the problem). . But why any
interpretation is needed for mathematical formalism if it is in a good
agreement with experiment? One of reasons is the fact that new physical
models open new opportunities for development of theories. For example,
many attempts (Einstein Weyl, Calutza and others) have been made for this
reason to find geometrical interpretation of classical electrodynamics,
although it is in a very good égreement with experiment [3,4]. In addition, the
quantum theory cannot be considered as the final one. Another, more concrete,
reason—the contradiction between Bohr and Finstein regarding the
completeness of quantum mechanics which did not resolved until now [5,6].
In contrast to Bohr, Einstein thought that the quantum mechanics is not a
complete theory because it says nothing about physical reality, responsible
for statistical character of the theory (so called “hidden variables™ [2,7,8]), and
the answer to this question is, may be, the main result of this work. As for
physical models, author knows two interpretations of quantum mechanics

where mathematical formalism of quantum mechanics is not questioned. One
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is the Everett’s “Many Universes Interpretation”, where statistical character of
quantum theory is explained by existence of infinite number of Universes,
corresponding to various realizations of reality [9], This interpretation has its
supporters in spite of exotic character and serious criticism [10]. Another
interpretation is the ‘t Hooft’s “ The Cellular Automaton Interpretation of
Quantum Mechanics”, where a very special set of mutually orthogonal sates
in Hilbert space is considered [2]. This approach is now under development.
Among the works where the apparatus of quantum physics is undergoing
serious changes we can mention the string theory (see, e.g. [11]) and Santlli’s
investigations [12]. The possibility is shown in this work to interpret the
quantum mechanical wave function for free particle as a description of
microscopic distortion of the space-time geometry. Some characteristics of
this geometrical object play the role of “hidden variables” responsible for
stochastic behavior of quantum particle, and these characteristics are the
physical reality that exists before measurement. Other characteristics explain
wave-corpuscular properties of the particle. It may be said that quantum
mechanics within suggested interpretation satisfies the completeness criterion

formulated by Einstein. Preliminary results see [13-17].

2. Quantum particle as the microscopic distortion of the space-tome
geometry

Let’s consider the free neutral particle with mass m and spin 0. It will be
shown that wave function of such particle can be interpreted as a mathematical
description of some geometrical object. This scalar wave function is the
solution of the Klein-Fock-Gordon equation, and it has the form [18,19]

Y = const - exp (— % (Et — pr)). ¢
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This function describes within existing interpretation the particle’s state with
definite energy E and definite momentum p. The particle’s position before
measurements is unknown — it may be observed in any point with equal
probability. This fact reflects statistical character of quantum mechanics —
unusual property within classical representations. Another unusual property —
wave-corpuscular dualism of quantum particles that is defined by phase of the
wave function and by wavelength and frequency, connecting with the
particle’s energy and momentum by known relations [18,19]

) _E . _
Ai—;—i, W=z, L=1%Y,2 (2)

Substituting (2) in (1), we have

Y = const - exp(—iwt + ikr), k; =2nl; (3) This type
of functions (plane wave) is often used in classical physics (for example, for
description of plane running sound wave). Within existing interpretation of
quantum mechanics, the origin of periodical dependence of wave function is
not discussing.

Let us rewrite the function (2) not with space-time coordinates x, y, z, t, but
with only space coordinates x1,x2, x3, x*of the space of events of the special
theory of relativity — four dimensional pseudo Euclidean space of index 1(the
Minkowski space [20]). Time, multiplied by light velocity, plays in this space
the role of fourth space coordinate (ct = x*). Let us rewrite (3), using
relativistic designations where s = ¢ = 1

Y = const - exp(—ix“pu). 4)

Here p, — the particle’s 4-momentum (p; = E, P34 = Pr,y,z)- Summation

over repeating indexes is suggested in (4) with signature (4 — — —). In
relativistic case [18.19]

pi —ps —p5 —pi =m? (%)
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where m — the particle’s mass. Let’s write down (4) in such a way that it
contains only values with dimensionality of length

¥ = const - exp(—2mixkA;), 6)

where
A=A =AY A =0, A =2mpl, A =2nmT. ()

In contrast to (1,3) function (6) does not look as a plane wave - it represent
periodical function of four space coordinates in the Minkowski space.

Function (6) may be considered as a function realizing representation of the
group whose elements are discrete translations along four coordinates axes in
the Minkowski space. Indeed, function (6) goes into itself at translations

xh - xt 4 Ay (8)

where n, — integers (u = 1,2.3.4). This group is isomorphic to the group Z*,
whose elements are products of integers n, In turn, the group Z* is
isomorphic to the fundamental group of closed 4-manifold that is
homeomorphic to the foir dimensional torus T* [21,22]. Now we nay
formulate the main hypostasis: quantum particle, described by the wave
function (6), can be considered as a closed space-time manifold that is
homeomorphic to the four dimensional torus imbedded into five dimensional
pseudo Euclidean space of index 1. Relation (7) imposes a metric restriction
on the acceptable under deformations path lengths A; (i = 1,2,3,4). Thus, the
relation (7) defines also the geometrical interpretation of the particle’s mass
and 4-momentum. It will be shown in the next Section that such geometrical
object looks in thrée dimensional Euclidian space as moving topological
defect of this space having stochastic and wave-corpuscular properties of
quantum particle.

Representation of particle as a closed manifold means that this particle
before measurement may be considered as a “mixture” of its all possible
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geometrical representations (homeomorphisms), and only interaction with
device fixes one of them. This means that wave function describes not an
individual particle, but statistical ensemble of all its possible geometrical
representations, and this explains statistical character of quantum mechanics.
Thus, ensemble of all possible homeomorphisms plays the role of “hidden
variables,” responsible for stochastic behavior of particles.

3. Quantum particle as a topological defect of Euclidean space.

Let’s proceed to decoding of the representation of quantum particle as a closed
4-manifold, that is let’s show how such object looks from the point of view of
the observer in Euclidian space. But the important notice should be made
before going to this problem. The geometry of four-dimensional closed
manifolds is now under development: the full recognition algorithm is not now
known even for three dimensional closed manifolds [22]. Therefore the only
way to establish what the representation of quantum particle as a closed 4-
manifold means from the point of view of the observer in Euclidtan space is
to use low dimensional analogies. Having this in mind let’s consider closed
manifold homeomorphic to the two dimensional torus embedded into three
dimensional pseudo Euclidean space of index 1. To obtain concrete result
only one of infinite number of possible homeomorphisms of this manifold will
be considered, namely usual two dimensional torus T? = St x ST, where S?
—a circle. Such torus may be considered in three-dimensional Euclidean space
as a surface obtained by rotation of a circle around vertical axis lying in the
plain of this circle (Fig.1a). In pseudo Euclidean three-dimensional space this
circle is located in pseudo Euclidean plane and it looks on Euclidean plane of
Figlb as a isosceles hyperbola [23]. That is two dimensional torus,
representing particle, looks in three dimensional Euclidean space as a
hyperboloid (Fig.1b). Within considered low dimensional analogy physical
space-time (space of events) is a two dimensional pseudo Euclidean space,
and the particle’s positions in different moments of time in the Euclidean (one
dimensional) space are defined by points of intersection with this space of the
projections of the hyperboloid’s temporary cross-sections. These cross-
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sections look as expanding circles in two-dimensional Euclidean plane XY
(Fig.2a).
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Fig 1.. Two-dimensional torus embedded into three-dimensional Euclidean
and pseudo Euclidean spaces.

These circles can be considered as moving topological defect of one
dimensional physical space. It is the fact that intersection point belongs to
topological defect that distinguishes this point at Fig.2a from neighboring
points of one dimensional Euclidean space, turning it into a physical “material
point”.
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Fig.2. Topological defect of one dimensional Euclidean space (X-axis).

The particle’s positions in Euclidean (one dimensional) space are defined by
points of its intersection with the circle, corresponding to the only one of the
torus possible homeomorphisms. Accounting for all possible
homeomorphisms leads, obviously, to “blurring” of this circle and so leads to
transformation of the one intersection point in finite region of Euclidean space
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(this region is indicated at Fig.2b by a bold line segment on X-axis). This
region has at every moment of time a finite size because the range of all
possible homeomorphisms is limited by metric condition (7) that restrict the
maximum possible dimensions of closed manifold. As aresult, the observer in
Euclidean space will detect the particle with equal probability in one of points
of above mentioned region. This means that wave function describes not a
position of separate particle but the ensemble of its possible positions, and this
explains statistical character of quantum mechanics. It is obvious that all
possible homeomorphisms of the closed manifold, representing this particle,
play the role of “hidden variables”, responsible for the particle’s stochastic
behavior: each homeomorphism corresponds to the one particle’s possible
position in Euclidean space. The points of the intersection region have
different velocities. This means that the intersection region at Fig. 2b are
moving expanding, and finally it will fill all Euclidean (one dimensional)
space. In result the probability to observe the particle in any point of space
will be the same, as it should be according to laws of quantum mechanics for
free particle, described by wave function (1).

The fact that the particle can be represented in physical Euclidean space as
a part of topological defect allows to explain the particle’s wave properties. It
is sufficient for this to suppose that the defect’s position in the external five
dimensional Euclidean space relative to the three dimensional space changes
according to periodical low described by wave function (1) (a rigorous proof
of this assumption is not possible within the framework of low dimensional
analogy). It can be said that the phase of the defect’s periodical movement is
an additional degree of freedom on which the effect of the particle on the
device depends. The particle’s corpuscular properties (4-momentum) are
defined through parameters of above periodical movement of defect by
relations n '

by = 2mA, 9

These relations are identical to the definition (2) of the particle’s wave length
through its momentum within existing interpretation [19] ,but now they have
the “reverse” meaning of definition of momentum through the wave length, as
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it should be in the consistent theory where less general concepts (classical
momentum) are defined through more fundamental ones (wave length of the
defect’s periodical movement).

Conclusion. The wave function plays a dual role within suggested
interpretation. First, it is a function, realizing the representation of the
fundamental group for a closed 4-manifold, representing a free particle.
Second, this function describes periodical movement of topological defect in
the external space, and intersection of this defect with physical space defines
the possible particle’s positions. These properties of the wave function make
it possible to explain the stochastic behavior of the particle and its wave-
corpuscular dualism. The role of “hidden variables”, responsible for the
particle’s stochastic behavior, is played by all possible homeomorphisms of
the closed 4-manifold, representing the particle. Notice in conclusion that
relation (7) defines geometrical interpretation of the particle’s mass as a
characteristic of some fundamental length 4, Geometrical interpretation of
elementary electrical charge and the particle’s spin will be considered in
subsequent publications.
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Abstract

Recent studies have confirmed Einstein’s 1935 legacy implying that quantum
mechanics and chemistry are “incomplete” theories in the sense of being
excellent for the description of systems composed by point-like constituents
under potential interactions (such as the atomic structure), but said theories are
“incomplete” for the description of complex time-irreversible systems of
extended constituents with internal non-potential interactions (as expected’in a
cell). Sadi verifications were achieved thanks to the prior “completion” over the
past half a century of quantum theories into the covering hadronic mechanics
and chemistry with a time irreversible Lie-admissible structure. In this paper we
present, apparently for the first time, a new conception of living organisms,
solely permitted by the verifications of Einstein’s legacy, composed by a very
large number of extended wavepackets in conditions of continuous mutual
penetration/entanglement and, therefore, of continuous communications via
contact non-potential interactions. Due to the extremely large number of
constituents and the extreme complexity of the multi-valued internal
communications, in this paper we introduce, also apparently for the first time,
the representation of the indicated new conception of living organisms via two
hyperbimodular, Lie-admissible Hy-hyperstructures, the first with all
hyperoperations (‘hope’) ordered to the right and the second with all hopes
ordered to the left. The irreversibility of living organisms is represented by the
inequivalence of the left and right hopes. The extremely large number of internal
communications is represented by the extremely large number of solutions of the -
indicated hopes. We close the paper with the indication that new medical
diagnostics and treatments are expected in the transition from the current
quantum chemical conception of living organisms as collections of isolated
point-like constituents to the indicated new conception.

Copyright © 2020 by Hadronic Press Inc., Palm Harbor, FL 34682, U.S.A.
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1. INTRODUCTION ON HYPERSTRUCTURES

The largest class of hyperstructures are called H,-structures and introduced in
1990 [33], [34]. These satisfy the weak axioms where the non-empty intersection
replaces the equality. Some basic definitions are the following;

In a set H equipped with a hyperoperation (abbreviation Ayperoperation=hope)

- HxH — P(H)-{@},

we abbreviate by WASS the weak associativity: (xp)zrw(yz) = &) Vx,y,z eH and
by COW the weak commutativity: xyryx =& VxyeH.

The hyperstructure (H,-) is called Hy-semigroup if it is WASS, it is called H,-
group if it is reproductive Hy-semigroup, i.e. xH = Hx = H, VxeH.
Motivation. 1 the classical theory the quotient of a group with respect to an
invariant subgroup is a group. F. Marty from 1934, states that, the quotient of a
group with respect to any subgroup is a hypergroup. Finally, the quotient of a
group with respect to any partition is an Hy-group [34].

The powers of an element heH are: h'={h}, h’=hh, ..., W'=h°... %h, where (°)
is the n-ary circle hope: the union of hyperproducts, n tlmes with all patterns of
parentheses put on them. An Hy-semigroup (H,-) is a cyclic of period s, if there
is a generator g, and a natural n, such that H=h'_... UK. If there is an h and S,
such that H=h®, then (H,) is called single-power cyclic of period s.

In a similar way more complicated hyperstructures can be defined:

(R,+, ) is Hy-ring if (+) and () are WASS, the reproduction axiom is valid for )
and () is weak distributive with respect to (+):

x(ytz) Ny txz) =2 (xty)zr(xztyz) = Viy,zeR.
Let (R,+, ) Hy-ring, (M,+) COW H,-group and there exists an external hope
: RxM — P(M): (a, x) —>ax
such that, Va,beR and Vx,y eM, we have
ax+y)(ax+ay) # 2 (a+b)x(ax+bx) = (ab)xra(bx) # &

then Mis an Hy,-module over F. In the case of an Hy-field F instead of an Hy-ring
R, then the H,-vector space is defined.

For more definitions and applications on Hy-structures one can see the books
(2], [4], [5], [8], [31], [32], [34], [35], [38], [40], [45], [52].
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Definition 1.1 The fundamental relations * y* and ¢*, are defined, in Hy-
groups, Hy-rings and Hy-vector spaces, respectively, as the smallest equivalences
so that the quotient would be group, ring and vector spaces, respectively [33],
[34], [35], [50], [51].

The way to find the fundamental classes is given by the following:
Theorems 1.2 Let (H, ) be Hy-group and denote by U the set of finite products
of elements of H. We define the relation f in H by setting xPy iff {x,y}cu where
ueU. Then f*is the transitive closure of j.

Let (R, +, ) be Hy-ring. Denote by U the set of finite polynomials of elements of
R. We define the relation y in R as follows: xyy iff {x,y}cu where ucU. Then
the relation y* is the transitive closure of the relation y.

An element is called single if its fundamental class is singleton.

Fundamental relations are used for general definitions. Thus, an H,-ring
(R, +, ) is called H\-field if R/y* is a field.

Let (H,-), (H,*) be Hy-semigroups defined on the same set H. () is called
smaller than (*), and (*) greater than (), iff there exists an

fedut(H,*) suchthat xycf(x*y), Vx,yeH.

Then we say that (H, *) contains (H, ). If (H, -) is a structure then it is called basic
structure and (H, *) is called Hp-structure.
Theorem 1.3 (The Little Theorem). Greater hopes than the ones which are WASS
or COW, are also WASS or COW, respectively.

This Theorem leads to a partial order on Hy-structures.

A very interesting class of Hy-structures, is the following [9], [32]:
An Hy-structure is called very thin iff all hopes are operations except one, which
has all hyperproducts singletons except only one, which is a subset of cardinality
more than one.

A large class of Hy-structures is the following [9], [41]:
Let (G, ;) be groupoid (resp., hypergroupoid) and -f:G—»G be a map. We define a
hope (9, called theta-hope, we write &hope, on G as follows

xy = {f%)y, xf3)}, YayeG. (resp. xy= (fx) ) N fy), VayeG)

If () is commutative then 8 is commutative. If (-) is COW, then 0 is COW.
Let (G, ) be groupoid (or hypergroupoid) and f: G-—»P(G)-{J} be multivalued
map. We define the (), on G as follows x&) = (f(x) ») Ux ), VxyeG.
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Motivation for the 6-hope is the map derivative where only the multiplication
of functions can be used. Basic property: if (G, -) is a semigroup then V¥, the (&)
is WASS.

Another well known and large class of hopes is given as follows [9], [31],
[47]:

Let (G, be groupoid, then VPcG, P#Z we define the following hopes
called P-hopes: Vi,yeG

P xPy= (xP)yx(Py), Pr: xPry= (xp)Px(yP), Pi xPy= (Px)y UP(xy).

The (G,P), (G,Py) and (G,P)) are called P-hyperstructures. If (G, ) is semigroup,
then xPy=(xP)y x(Py)=xPy and (G,P) is a semihypergroup but we do not know
about (G,P,) and (G,Py). In some cases, depending on the choice of P, the (G,P,)
and (G, Py can be associative or WASS.

A generalization of P-hopes is the following [6], [9]:
Construction 1.4 Let (G, ;) be an abelian group and P any subset of G. We define
the hope xp as follows:

{xxPy = x-Py = {xhy/heP} if x#e and c=e
Xy if x=e or y=e

we call this hope Pe-hope. The hyperstructure (G, xp) is an abelian Hy-group.
Hy-structures are used in Representation Theory of Hy-groups which can be
achieved by generalized permutations or by Hy-matrices [34], [38], [49]. H.-
matrix is called a matrix if has entries from an H,-ring. The hyperproduct of Hy-
matrices is defined in a usual manner. The problem of the H,-matrix
representations is the following:
Definition 1.5 Let (H, ) be an Hy-group, find an Hy-ring (R, +, /), a set
Mz={(ay ) |ay€R} and a map

T H— Mp: hT(h) such that T(hiho) AT(hy)T(hs) %2, VhihsH.

Then T is Hy-matrix representation. If T(hihz) T(hi)(h2), Vhih2eH is valid,
then T'is an inclusion representation. If T(hihz) = T(hi)(h2) = {T(h) /h ehihy},
Vhi,h2eH, then T is a good representation.

Hopes on any type of ordinary matrices can be defined [8], [49], [53] they are
called kelix hopes.
Definition 1.6 Let 4=(a;;) eM,~, be matrix and s,¢eN, with 1<s<m, 1<t<n. The
helix-projection is a map s&: My —Msx. A—Ast=(ay), Where Ast has entries
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@ij = { Qirxsj+iu /1 <is§, 15j<t and wAeN, i+xssin, j+Atsn }

Let A=(ay) €Mmsn, B=(by) eMyx, be matrices and s=min(m,u), t=min(n,v). We
define a hyper-addition, called helix-sum, by

@ M XM{W"%P(]MS”) 3 (A’B) —A @B =AQ+B§I=(QI'J) +(_b_ll) Msx

where  (a;)+(by)= {(cy)=(ay+by) [ayeay and byeby)}
Let A=(ajj) €Musn, B=(by) €Muxy and s=min(n,u). Define the helix-product, by

@.' ManXM(XVﬁP(MnXV): (A,B) "_)A @BZAE'B&:(Q{/) '(_b__i/) CMan

where (@) (by)= {(cy)=(Zaby) /ayeay and byeby)}.

The helix-sum is commutative, WASS, not associative. The helix-product is
WASS, not associative and not distributive to the helix-addition.

Using several classes of Hy-structures one can face several representations
[48].
Definition 1.7 Let M=Myx, be module of mxn matrices over a ring R and
P={Piel}cM. We define, a kind of, a P-hope P on M as follows

P:MxM— P(M): (4,B) > APB = { AP'B: iel }c M

where P’ denotes the transpose of the matrix P.

We present a proof for the fundamental relation analogous to Theorem 1.2 in
the case of an Hy-module:
Theorem 1.8 Let (M, +) be Hy-module over R. Denote U the set of expressions
of finite hopes either on R and M or the external hope applied on finite sets of
elements of R and M. We define the relation ¢ in Mby: xey iff {x,y}cu, ueU.
Then the relation e* is the transitive closure of the relation e.
Proof. Let ¢ be the transitive closure of ¢, and denote by g(x) the class of the
element x. First, we prove that the quotient set M/ is a module over R/y*,
In M/g the sum (&) and the external product (@) using the y* classes in R, are
defined in the usual manner:

e(x)@e(y) = {e(z): zee(x)+e(n)},
V() S(x) = {e(2): zey¥(@)e(x)}, VaeR xyeM.

Take x’cg(x), y’ce(y). Then x &x iff 1, ..., %m+1 With X1=x Xm+1=x, u1, ...,tum U
such that {x;, xi+pcu;, i=1,...,m, and y &y iff 1, ...,.yn+1 With 1=y yps7=y and
Vi,...,vn€U such that {y,y1}cv;, j=1,...,n. From the above we obtain

i, Xiv1}+ yi Curtvy, i=1,..,m-1, Xm+1 ), yir1} Cmtvy, j=1,..0
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The witvi=t, i=1,..,m-1, un+v; =tms1, j=1,..,n €U, so teU, Vke{l,.,m+n-1}.
Take zj,....zm+n With ziexitys, i=1,..,n and zp+j€xmr1+yj+1, j=1,...,n, thus,
{zzkr1} i, k=1,...,m+n-1. Therefore, Vz;ex;+y/=x+y’is & equivalent to
Zm+n EXm+1tynr1=x+y. Thus, g(x)@e(y) is a singleton so we can write
&(x) @e(y)=¢(z), Vzeg(x)+e(y). Similarly, using the properties of y* in R, we
prove that y*(a) &(x)=¢(z), Vzey*(a)ex).

The WASS and the weak distributivity on R and M guarantee that the
associativities and the distributivity are valid for M/ over R/y*. Therefore, M/e
is a module over Ry*.

Now let 6 equivalence relation in M such that M/o is module on R4* Denote
o(x) the class of x. Then o(x)@o(y) and y*(a) &o(x) are singletons VaeR and
x,yeM, i.e.

o(x)@o(y)=o(z), Vzeo(x)to(), y*a)So(x)=0(z), Vzey*(a)o(x).
Thus we write, VaeR, x,yeM and 4cy*(a), Xco(x), Yco(x)

o(x) @o(y) =0 (x+y)=0(X+Y), y*(a)®o(x)=0(ax)=0(4X).

By induction, extend these relations on finite sums and external products.
Thus, VueU, we have o(x)=0(u), Vx cu. Consequently x‘ee(x) implies x’eo(x),
Vx eM.

But o is transitively closed, so we obtain: x’eg(x) implies x’eo(x).

Thus, ¢ is the smallest equivalence on M such that M/e is a module on R/y*,
1.e.g=¢* m

The general definition of an Hy-Lie algebra was given as follows [30], [44]:
Definition 1.9 Let (L,+) Hy-vector space on (F,+,), ¢.F—F/y* canonical,
wr={x eF:¢p(x)=0}, where 0 is zero of F/y* Let o the core of ¢’ L—»L/e* and
denote 0 the zero of L/e*. Consider the bracket (commutator) hope:

L LXL - P(L): (xy) = [xy]
then L is an H,-Lie algebra over F if the following axioms are satisfied:
(L1) The bracket hope is bilinear, i.e.
[Aixi+Axa,y] N (afxny] Az [x2y]) # &
[ Ay i+ ] NAifxyi]FAxxy2]) # & Vixixayyiy2€L, Vi, eF
(L2) [xx] oL =< Vxel '

(L3) (e[yz]]+ [y [zx]]+ [z [xy]) oL = & Viyel
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The enlargement or reduction of hyperstructures are examined in the sense
that an extra element appears in one result or we take out an element. In both
directions most useful in representation theory, are those Hy-structures with the
same fundamental structure [36], [37]:

Let (H, ) be Hy-semigroup and v £H. Extend (-) into the H=H (4v} as follows:
xv=vx=v, VxeH, and vv=H. The (H,-) is an h/v-group where (H, )/B*2Z, and
vis a single element. We call (H, ;) the attach h/v-group of (H, ).

Let (G, ) be semigroup and v#G be an element appearing in a product ab,
where a,b G, thus the result becomes a hyperproduct a®b={ab,v}. Then the
minimal hope (&) extended in G'=G4v} such that (&) contains (-) in the
restriction on G, and such that (G',&) is a minimal Hy-semigroup which has
fundamental structure isomorphic to (G, ), is defined as follows:

a®b={ab,v}, x&=xy, V(xy) EGZ—{(a,b)}
vév=abab, x&v=xab and v&x=abx, VxeG.

(G',&) is very thin Hy-semigroup. If (G, is commutative then the (G, ®) is
strongly commutative.

Let (H,+) be hypergroupoid. We say that remove heH, if we consider the
restriction of (-) on H-{h}. We say heH absorbs heH if we replace / by k. We
say heH merges with heH, if we take as product of x eH by 4, the union of the
results of x with both 4, 4 and consider % and 4 as one class.

The uniting elements method, introduced by Corsini & Vougiouklis [3], is
the following: Let G be algebraic structure and let d be a property, which is not
valid and it is described by a set of equations; then, consider the partition in G
for which it is put together, in the same class, every pair that causes the non-
validity of d. The quotient G/d is an Hy-structure. Then, quotient out the G/d by
B*, astricter structure (G/d)/B* for which the property d is valid, is obtained.

An application of the uniting elements is when more than one property is

desired. The following Theorem is valid [3], [34].
Theorem 1.10 Let (G, ) be a groupoid, F={f1,....fmfu+1, ..., fmtn} be system of
equations on G consisting of two subsystems Fu={f1, ....fut, Fn={fm+1, ..., frtn}.
Let o, om the equivalence relations defined by the uniting elements procedure
using the systems F and F», and let 5, be the equivalence relation defined using
the induced equations of F, on the grupoid G»= (G/ow)/f*. Then

(G/o)/B* = (Gu/on)/B*
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In the paper [42], there is a first description on how Santilli’s theories effect
in hyperstructures and how new theories in Mathematics can be appeared by
Santilli’s pioneer research.

Hyperstructures have applications in mathematics and in other sciences.
These applications range from biomathematics -conchology, inheritance- and
hadronic physics or on leptons, in the Santilli’s iso-theory, to mention but a few.
The hyperstructure theory is closely related to fuzzy theory; consequently, can
be widely applicable in linguistic, in sociology, in industry and production, too.
For these applications the largest class of the hyperstructures, the class H,-
structures, is used, they satisfy the weak axioms where the non-empty
intersection replaces the equality. The main tools of this theory are the
fundamental relations which connect, by quotients, the Hy-structures with the
corresponding classical ones. These relations are used to define hyperstructures
as Hy-fields, Hy-vector spaces and so on, as well. The definition of the general
hyperfield was not possible without the Hy-structures and their fundamental
relations. Hypernumbers or Hy,-numbers are called the elements of Hy-fields and
they are important for the representation theory [6], [7], [29], [30], [39], [46].

The problem of enumeration and classification of hyperstructures, was started
from the beginning, it is complicate in Hy-structures because we have very great
numbers. The number of Hy-groups with three elements, up to isomorphism, is
1.026.462. There are 7.926 abelian; the 1.013.598 are cyclic. The partial order
in Hy-structures and the Little Theorem, transfers and restrict the problem in
finding the minimal, up to isomorphisms, Hy-structures.

2. LIE-SANTILLI ADMISSIBILITY IN HYPERSTRUCTURES

The isofields needed in the theory of isotopies correspond into the
hyperstructures were introduced by Santilli & Vougiouklis in 1999 [6], [7], [29]
and they are called e-hyperfields. The Hy-fields can give e-hyperfields which can
be used in the isotopy theory in applications as in physics or biology. We present
in the following the main definitions and results restricted in the Hy-structures.
Definitions 2.1 A hyperstructure (A, ) which contain a unique scalar unit e, is
called e-hyperstructure. In an e-hyperstructure, we assume that for every element
x, there exists an inverse x7/, i.e. eexx’/w’x. Remark that the inverses are
not necessarily unique.

A hyperstructure (F, +, ), where (+) is an operation and (') is a hope, is called
e-hyperfield if the following axioms are valid:
1. (F,+) is an abelian group with the additive unit 0,
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2. () is WASS,

3. () is weak distributive with respect to (+),

4. 0 1is absorbing element: 0x =x0 =0, VxeF,

5. exist a multiplicative scalar unit 1,i.e. Ix =x-I =x, VkxeF,

6. for every x F there exists a unique inverse x”/, such that 7 exx/w’ x.

The elements of an e-hyperfield are called e-hypernumbers. If the the relation:
I=xx'=x"x, isvalid, then we say that we have a strong e-hyperfield.
Definition 2.2 [6], [7], [43]. The Main e-Construction. Given a group (G, ),
where e is the unit, then we define in G, a large number of hopes (®) as follows:

x& = {xy, g1, 82,...}, VayeG-{e}, g1, g,... eG-{e}

g1, &2, ... are not the same for each pair (x,y). Then (G, ®) becomes an Hy-group,
because it contains the (G, ). The Hy-group (G, &) is an e-hypergroup. Moreover,
if for each x,y such that xy=e, so we have x&y=xy, then (G, &) becomes a strong
e-hypergroup.

Another important new field in hypermathematics comes straightforward
from Santilli’s Admissibility. We can transfer Santilli’s theory in admissibility
for representations in two ways: using either, the ordinary matrices and a hope
on them, or using hypermatrices and ordinary operations on them [13], [15],
[42], [43], [44], [47], [48].

The general definition is the following:

Definition 2.3 Let L be Hy-vector space over the Hy-field (F, +, ), p: F—F/y*, the
canonical map and wr={x eF:¢p(x)=0}, where 0 is the zero of the fundamental
field F/y*. Let o, be the core of the canonical map ¢ ~L—L/e* and denote by the
same symbol 0 the zero of L/e* Take two subsets R, ScL then a Lie-Santilli
admissible hyperalgebra is obtained by taking the Lie bracket, which is a hope:

[, ]rs: LxXL—P(L): [x,y]rs= xRy—ySx= {xry—ysx [reR, s &S}
Special cases, but net degenerate, are the ‘small” and ‘strict’ ones:
(a) When only S is considered, then [x,y]s= xy—ySx= {xy—ysx /s &S}
(b) When only R is considered, then [x,y/r= xRy—yx= {xry~yx /reR '}
(¢) When R={r;,r;} and S={s,,s2} then
[%,Y]rRs= XRy—ySx= {Xr1y—ysix, Xriy—ysax, Xrzy—ysix, Xxr2y~ysax}.
(d) When S={s1,s2} then [x,y]s= xy-ySx= {xy-ysix, xy—ysax}.
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(e) When R={ry,r2} then [x,y]r=xRy-yx= {xrpy—yx, xr:y-yx}.
() We have one case which is ‘like’ P-hope for any subset S

[xy]s = {xsy—ysx /s &S},
On non square matrices we can define admissibility, as well:
Construction 2.4 Let (L=Myx,, +) be Hy-vector space of mxn hyper-matrices on
the Hy-field (F, +, 4, p:F—F/y*, canonical map and wr={x €F:¢(x)=0}, where 0
is the zero of the field F/y*. Similarly, let @, be the core of ¢ “L—L/e* and denote
by the same symbol 0 the zero of L/e* Take any two subsets R,ScZ then a
Santilli's Lie-admissible hyperalgebra is obtained by taking the Lie bracket,
which is a hope:
[+ ]rs: LxXL—>P(L): [x,y]rs=xR'y~yS'.

Notice that  /x,y/rs=xRly—ySx={xr'y—ys'x /r R and s &S},
Special cases, but not degenerate, are the ‘small’ and ‘strict’ ones:
(@) R={e} then [x,y/rs =xy-yS = {xy—ys'x /s &S}
(b) S=fe} then [x,ylrs =xRy—yx = {xr'y—yx [r R}
(¢) R={r;,r2} and S={ss,s2} then
[%.Y]Rs=XRYy-ySx={xr1"y=ys1"%xr1y-ysxxrsy-ys "xxrsy—yssx}

According to Santilli’s iso-theory [9], [11], [13], [15], [22], [24], [25], [26],
[27], [28], [39], [42], [46], [50], on a field F=(F,+,.), a general isofield F=
F(@,%,%) is defined to be a field with elements d=axd, called isonumbers,
where aeF, and 1 is a positive-defined element generally outside F, equipped
with two operations F and X where F is the sum with the conventional additive
unit 0, and X is a new multiplication

AR b:=axTxb, with 1=T" va beF @)
called iso-multiplication, for which 1 is the left and right unit of 7,
iRa=a1=a, vael (ii)
called iso-unit. The rest properties of a field are reformulated analogously.
In order to transfer this theory into the hyperstructure case we generalize only

the new multiplication X from (i), by replacing with a hope including the old
one. We introduce two general constructions on this direction as follows:
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Construction 2.5 General enlargement. On a field F=(F,+, -) and on the isofield
F=F(,%R) we replace in the results of the iso-product

aRb= axTxb, with 1=7"
of the element T by a set of elements Hu={T,%1,%2...} where £,%5... €F,

containing T, for all & R b for which ab Z{ 0, i} and X,%5...eF —{ﬁ, i}. If one

of @, b, or both, is equal to 0 or 1, then H.s=¢T}. Thus, the new iso-hope is
AR b =axHuxb=ax{T 21,%s..}xb, va,beF (iii)

F=F(@,% %) becomes isoH,-field. The elements of F are called isoH,-numbers

or isonumbers.

Remarks 2.6 More important hopes, of the above construction, are the ones

where only for few ordered pairs (@,5) the result is enlarged, even more, the extra

elements &;, are only few, preferable exactly one. Thus, this special case is if
there exists only one pair (4,b) for which

AR b= ax{T.2}xb, va,beF
and the rest are ordinary results, then we have a hyperstructure called very thin
isoH,~field.

The assumption that Ha»={T,£1,%>,...}, @ or b, is equal to 0 or 1, with that £;,
are not 0 or 1, give that the isoH,-field has one scalar absorbing 0, one scalar 1,
and ¥4 eF, has one inverse.

Construction 2.7 The P-hope. Consider an isofield F=F(@,F %) with d=ax1,
the isonumbers, where aeF, and 1 is a positive-defined element generally

outside F, with two operations + and X, where F is the sum with the
conventional unit 0, and X is the iso-multiplication

ARDb:= axTxb, with 1=T1 vab <F.
Take a set P={T,p;,..;ps}, with py,..., pseF-{0,1}, define the isoP-H,-field,
F=F(a,F,%p), where the hope Xp as follows:

=9

a Xp

{ axPrxh = faxhrsh [hireP™ if @ =1 and b =1
= (iv)

axT b if a=Torb=1

The elements of F are called isoP-H,-numbers.
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Remark. If P = {T,p}, that is that P contains only one p except T. The inverses
in isoP-Hy-fields, are not necessarily unique.

Example 2.8 In order to define a generalized P-hope on 27 = 2@ F %), where
we take P={1,5), the weak associative multiplicative hope is described by the
table:

X10]31]2 |3 |32 |5 |58

0 /0|00 [0 |0 00
1,011 ]2 |3 |32 5|5

2 | 0|2 |26|52|15|31]|353
31013 |62[23|52|15]128
2 |0|2[15]53]|23[582]31
5105|3115 562|346 23
6 | 06 |535]|46)|31]|23|15)

The hyperstructure Z,=Z7(@ F,R), is commutative and associative on the
multiplication hope.
Consruction 2.9 The generalized P-construction can be applied on rings to
obtain Hy-fields. Thus for, Z9 = Z;0(@ F, %), and if we take P={2,7}, then we
have the table

X10|1/2 |3 |2 |5 |87 (8|23
0 |00 /0] 0 |0 |0 |O|]O |[O]OD
i /0312|3838 |4 |5 /6|72 [8]3
2 |02 |82 |5 | 0 |2 |8 2|68
3 /031238 |4 |05 |6 |27 (8 |43
4 |0|42.,16|4 |2 |0 |85k [4]32
5 |0 /5|0 05| 0 |05|0]05/[01/05
6 |0 |6 2|6 | 8B |0 |23 |58
7 |07 (8|27 | 56 |05 |42 [38/[2]18
8 [0 /812|842 |08 |&8]2 8|34
9 |05 |6]45 | 2 |05 |8 |36 |2 |27

Then the fundamental classes are
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0={0.5}, (D={18}, @={27}, (3)={3.8}, 9)={3},

and the multiplicative table is the following

x |0 @ ) (€) )
® O (0 (0) ©) )
M | 0) | (1D,2) | @4 | 31 | 4.(3)
@O @@ 3 @ | @
GO AM]| @ G) | &
@WO]@HG] O @ | @

Consequently, Z;0=Z10(4F,%), is an Hy-field.

3. APPLICATIONS TO A NEW CONCEPTION
OF LIVING ORGANISMS

3.1 Einstein’s argument that ‘quantum mechanics is not a complete theory.’
As it is well know, Einstein accepted the validity of quantum mechanics for the
representation of the atomic structure and other systems, but never accepted
quantum mechanics as being a final theory capable of representing all possible
elements of reality.

For this reason, Einstein expressed the view in 1935, jointly with his students
Boris Podolsky and Nathan Rosen, that ‘Quantum mechanics is not a complete
theory’ (EPR argument) [10], in the sense that quantum mechanics (and we add
nowadays quantum chemistry) could admit suitable enlargements for the
representations of more complex systems.

Additionally, Einstein never accepted the uncertainties of quantum mechanics
as being final in the sense that they are indeed valid for point-particles in vacuum
but there could exist conditions in the universe recovering classical determinism.
For this reason Finstein’s made h1s famous quote: ‘God does not play dice with
the universe.’

3.2 Verification of Einstein’s legacy by irreversible systems.

The most evident illustration if the validity of the lack of completeness of
quantum mechanics (and, therefore, of quantum chemistry) is given by the fact
that quantum mechanics and chemistry can only represent systems of point-like
particles that are invariant under time-reversal, such as the atomic structure.
This is due to the invariance under anti-Hermiticity of the quantum mechanical
Lie product between Hermitean operators
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[A,B] = AB — BA = —[A,B]',

where 4B is the conventional classical associative product. In fact, the Lie
product characterizes Heisenberg’s time evolution of an observable A in terms
of the Hamiltonian H,

idA/dt = [A,H] = AH — HA.

However, physical, chemical and biological processes such as nuclear fusion,
combustion and living organisms, are irreversible over time.

The verification of Einstein’s legacy via irreversible processes was first
identified by R. M. Santilli during his Ph. D. Studies at the University of Torino,
Italy, in the mid 1960s.

In fact, Santilli’s Ph.D. thesis, published in the 1967 paper [13], provided the
first known confirmation of the EPR argument (see also Ref. [13] of 1968) via
the following Lie-admissible ‘completion’ of quantum mechanical Lie algebras
for the representation of irreversible processes

(4,B) = ARB—BSA = (ATB—BTA)+(AJB+BJA), R=T—J, S=T+J = 0,

where the new product (4,B) is Lie-admissible according to A.A. Albert [1]
when the attached antisymmetric product

[A,B]*=(4,B) — (B,4) = ATB — BTA

verifies the Lie axioms whenever T is nowhere singular. Also, according to
Albert [1] the product (A,B) is called Jordan-admissible when the attached
symmetric product

{A,B}* = (4,B) + (B,A) = AJB + BJA

verifies the axioms of Jordan algebras.

Santilli called hadronic mechanics [19] and hadronic chemistry [22] the
‘completion’ of quantum mechanics and chemistry, respectively, with a Lie-
admissible structure for the representation of irreversible structures and
processes. " '

3.3 Lie-admissible genomathematics

The mathematics underlying Lie-admissible formulations, collectively known as
genomathematics [16], [17], [20], [23], can be summarized as follows. A
generally tacit assumption of conventional, classical, numeric fields underlying
Lie’s theory is that the multiplication of two numbers to the right n——>3 is equal
to the multiplication of the same numbers to the lefi, 2<——3 = 2——>3,
Consequently, the indicated order of the multiplication is ignored in classical
number theory, and we merely write 2x3 = 6.
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In the transition from Lie theory to the covering Lie-admissible theory, the
above ordering of the multiplication is no longer ignorable because the
multiplication to the right 2>3 = 2S3 is no longer equal to the multiplication to
the left 2<3 = 2R3 = 2>3. This occurrence has permitted the identification of
two, classical, numeric fields underlying Lie-admissible formulations [16]:

1) The forward genmofields F”(n”,>,I") with forward genounit "=1/S,
Jorward genonumbers n”= nI”, and forward genoproduct w>m> = nwSm>,
where n, m represent ordinary numbers; and

2) The backward genofields F~(n",<,I°) with backward genounit I°=I/R,
backward genonumbers n~ = I"n, and backward genoproduct n~<m=~ = n“Rm".

Recall that Lie algebras can be constructed via the universal enveloping
associative algebras ¢ with classical, associative, modular product 4B. The
indicated inequivalence of the multiplications to the right and to the left implies
the existence for Lie-admissible theories of two wumiversal, enveloping,
genoassociative genoalgebars, that to the right & (left £°) with genoassociative
genoproduct to the right A>B (left A<B), resulting in a non-trivial bimodular
formulation.

The indicated bimodular formulations characterize the time-irreversible, Lie-
admissible, Heisenberg-Santilli genoequation [13], [19]

idA/dt = (4, H) = ARH ~ HSA = A < H— H> 4.

Recall that, in quantum mechanics, the modular associative multiplication to
the right of an operator H to a Hilbert stat, Hy(%r) = Ey(t7) yields the same
eigenvalues £ for the modular associative multiplication to the left w(zr)H =
w(tr)E.

The Lie-admissible ‘completion’ of the above Schrodinger’s equation yields
the non-trivial bimodular structure:

1) The modular genoassociative action to the right representing the time
evolution forward in time via the Schrddinger-Santilli genoequation to the right
[19] & ‘

H(rp) >y (1) = Hrp)S(w .. )y(tr) = By (£,r),
and

2) The modular genoassociative action to the left representing motion
backward in time via Schrddinger-Santilli genoequation to the left

w(t",r") < H(rp) =y Ry",..)H(r,p) = y*(t",r*)E*
where E~ #E*~,
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The representation of irreversible processes from first axiomatic principles
is then evident whenever R#S.
3.4 Verifications of Einstein’s legacy.
Following the above mathematical studies, Santilli dedicated decades to
experimental and industrial verifications of hadronic mechanics and chemistry.
Following the achieved of such a mathematical and applied maturity, Santilli
proved Einstein’s legacy that ‘quantum mechanics is not a complete theory’ as
well as the progressive recovering of Einstein’s determinism in the interior of
hadrons, nuclei and stars and its full recovering in the interior of gravitational
collapse [21], [25], [26], [27], [28]. These results were achieved via the
representation of the extended and overlapping character of the constituents of
irreversible systems in terms of the forward genotopic element with realizations
of the type

T :Hk=] ,,,,, NDl.ag.(]/n%k, ]/n%k, ]/n%k, ]/TLZk )e ~1w.oy....) s
where nfy, nZ;, n3y, (called characteristic quantities) represent the deformable
semi-axes of the k-particle normalized to the values nﬁk=1, u=1, 2, 3 for the

sphere; nZ, represents the density of the k-particle considered normalized to the

value n,,, = 1 for the vacuum; and I'(i,dy) represents non-linear, non-local and
non-potential interactions caused by mutual overlapping/entanglement of the
particles considered.

The aspects of studies [21], [25], [26], [27], [28] important for this paper are
the following. Recall that particles originally in conditions of mutual
overlapping/entanglement of their wave packets and then separated, have been
experimentally proved to instantly influence each other at a distance, by
therefore requiring superluminal communications that would violate special
relativity. This is the very feature that prompted Einstein the argument that
‘quantum mechanics is not a complete theory.’ Santilli has achieved a
quantitative representation of the indicated instantaneous communication at a
distance via the representation of the extended character of the wavepacket of
particles resulting in their continuous mutual penetration/entanglement at a
distance of their center of mass, by therefore eliminating the need for
superluminal communications. Above all, studies [21], [25], [26], [27], [28] have
established that the instantaneous communication of entangle particles at a
distance occurs without any use of energy because the interaction are not
derivable from a potential by basic assumptions.
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3.5 Application to a new conception of living organisms.

Note that all biological structures, including cells, viruses and large living
organisms, are irreversible over time because they are born, grow and then die.
Santilli introduced in monograph [18] of 1994 the representation of biological
structures via classical, multivalued, Lie-admissible formulations on a 3-
dimensional  Euclidean space, namely, Lie-admissible formulations
characterized by genounits, called classical hyperunits, with an ordered number
of values all defined in the Buclidean space of our sensory perception

F=(,b, .. L) =1/T= /T, /Ty ..I/T,) = I/S.

Correspondently, the product of generic non-singular quantities a, b (such as
numbers, functions, matrices, etc.), called classical hyperproducts, are equally
multivalued, yet defined in our 3-dimensional Euclidean space

a>b=aSh=alb+al>b+..+al,b

in which all individual products are classical.

Correspondently, Ref. [18] introduced the notion of classical hyperfields,
namely, sets of multi-valued elements, products and units which verify the
axioms of numeric fields.

The transition from the classical, single-valued, Lie-admissible formulations
outline in Section 3.3 to their multi-valued extension of was indicated in Ref,
[18] as being necessary for the representation of the complexity of biological
structures.

Note the fundamental character of the classical hyperunits and related
hyperfields because the entire new formalism, including classical hyperalgebras,
hyperspaces and hypertopology, are constructed via mere compatibility
arguments with the base classical hyperfield.

In 1995, the Australian conchologist Chris Illert (see Part I of Ref. [12])
showed via computer simulations and direct calculations that the growsh of
seashells over time canmnot be consistently represented in a classical, 3-
dimensional, single-valued Euclidean space E(v,6,1) with classical coordinates
r=(x,y,z) metric 6=Diag.(1,1,1) and unit 1 over the field of real numbers
(R.n, %, 1), because, in said space, seashell grow irregularly and then crack. Illert
then showed a consistent representation of seashell growth via the use of a 3-
dimensional, two-valued Euclidean space (E, 7, 5, 1) where

7 = {(x1,Xx2), (y1,¥2), (21,22)}
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Santilli (see Part IT of Ref. [18]) indicated that Illert’s discovery confirms the
need for hyperstructures in the representation of living organisms. In fact, the
representation space used by Illert can be more accurately written as a classical,
3-dimensional, two-valued, forward hyperspace (E”,v",6”,I), over the forward,
classical hyperfield (R”, n”, >, I") with classical forward hyperunit

r= {(]Ix, ]2x), (Ily, [2y), (Ilz, 122)} = /T =
= {(1/T1x, 1/T2x), (1/T1y, 1/Tay), (1/T1z, 1/T22)}

and classical, 3-dimensional but two-valued products between arbitrary
quantities a, b [18]

a> b = aT>b = (axT]xbx+axTbex)+(ayT]yby+ayT2yby)+(azT]zbz+azT22bz),

The Lie-admissible character of the representation and, therefore, its
irreversibility, are assured when the backward hyperunit and, therefore, the
hyperproducts, are different than the corresponding backward values.

A central notion of the above classical 2-valued, hyperstructural
representation of seashells growth is the 3-dimensional character of the
representation space, which is independent from the multi-valued character of
each axis. Such a structure is necessary, on one side, to achieve compatibility of
the mathematical representation with our sensory perceptions, while at the same
~ time allowing an unlimited number if hidden degrees of freedom needed for a
quantitative representation of the complexity of seashells. In fact, we inspect
seashell growth with our three Eustachian tubes. Consequently, any multi-
dimensional representation, such as the use of a 6-dimensional space, would not
be compatible with our sensory perception and, as such, not being
experimentally verifiable.

A major advance in the hyperstructural representation if biological structures
was initiated by T. Vougiouklis in 1999 [39] with the lifting of the classical
hyperstructures of 5 Ref. [18] to Vougiouklis Hy-structures (see also Ref. [42]
and subsequent papers) which are formulated via hyperoperations (nicknamed
‘hopes’) including weak associativity (nicknamed ¢ WASS”), weak commutativity
(nicknamed ‘COW’) and other hyperoperations.

The advantages of lifting the classical hyperstructures of Ref. [18] to
Vougiouklis Hy-structures are several. The first advantage is a large increase of
the representational capabilities which is necessary for a representation of
biological structures such as the DNA, via a formulation that, at the abstract
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realization-free level, is compatible with the three-dimensional space of our
sensory perception.

Other advantages are due to rather unique capabilities by Vougiouklis Hy-
structures to characterize bona fide hyperfields on which the rest of the Lie-
admissible formulation is expected to be built (see, e.g., Ref. [46]).

In this paper we introduce, apparently for the first time, a new conception of
living organisms permitted by verifications [21], [25], [26], [27], [28] of the EPR
argument according to which a living organism, such as a cell, a virus or a
human person, is composed by a very large number of extended constituents in
conditions of continuous mutual entanglement of their wavepackets and,
therefore, in continuous mutual communications.

In view of the complexity and very large number of multi-valued internal
communications, the best representation of the above conception of living
organisms known to the authors, is given by two, hyperbimodular, Lie-
admissible, Hy-structures, one for the representation of growth in time via hope,
WASS and COW for ordered hypermodular hope to the right, and a second for
the representation backward in time with hope, WASS and COW for ordered
hypermodular hope to the left.

3.6 A specific hyperstructure formalism of living organisms.

As we present in section 3.3, in the transition from Lie theory to the covering
Lie-admissible theory, we must specify an element S on the right and an element
R to the left. In hyperstructure realization we can use as S and R, sets instead of
elements. But in this case, we have hopes of constant length and the living
organisms are not the case. Therefore, we suggest the use of a special case of the
main e-construction to face the problem. Our construction equips the main
product with an e-hope where the hyperproduct of two elements depend of those
two elements. In fact, we keep the product and enlarge all the appropriate results.
Construction 3.1 The Living Organism Construction. In a set G equipped with
several operations we take one product (-), where (G, -) is a group. Suppose that
¢ is the unit, then we define in G, a large number of hopes (®) as follows:

ek =x&@e =x, VxeG,

x& = {xy, 1, w2, ...}, VY yeG-{e}, where gyi, g1, ... eG-{e}

&wl, g2, ... depend on the pair (x,3). Then (G, &) becomes an Hy-group, because
it contains the (G, ). The Hy-group (G, &) is an e-hypergroup. Moreover, if for
each x,y such that xy=e, so we have x&y=xy, then (G, &) becomes a strong e-
hypergroup.
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Remarks. 1. In the Hy-group (G, ®) the hope (&) is WASS and if the (G, ) is
commutative, then the hope (&) is COW.

2. The Living Organism Construction can be used as S or R in forward genofields
or backward genofields, respectively, according to section 3.3.

Recall that, according to the Schrodinger equation of quantum chemistry,
living organisms are composed by a collection of isolated points. By contrast,
according to the Schrédienger-Santilli genoequation of hadronic chemistry,
living organisms are composed by the indicated large number of extended
constituents in conditions of continuous entanglement and communication.

It is hoped that the proposed new conception of living organisms may allow
new diagnostics, e.g., via the identification of possible miscommunications
between different constituents, as well as new treatments, e.g., via the disruption
of selected communications.
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Abstract

The revolutionary tenet in Marius Sophus Lie’s 1871 Norwegian Ph.D.
dissertation QOver en Classe Geometriske Transformationer - and nowhere else or since
so clearly expressed - is that while “Descarttes...has chosen the point as the element of
the geometry of the plane”, its “geometrical transformation...can be perceived as
consisting of a transition from a point to a straight line as element”, and more
particularly “the straight line of length equal to zero”. In that and its exploration he
stands forth in the history of mathematics as the true founder of linear algebra (together
with Grassmann), differential equations, continuous transformation groups, spherical
geometry, and indeed the standard model by Gell-Mann’s per se mistaken Lie
supermultiplet adoption; and thus reaching over all dimensions and numerical systems,
fundamentally including the real. This is the terra firma of my back to the future return
to Lie and the ordinary three-dimensional Euclidean space in Cartesian extension that
he primarily inhabited from nil by spanning there a tangential “line-complex” system
instead of a swarm of particle points. The resulting straight “curve-net” is the
infinitesimal generator realization of the instantaneous phase transition “between the
Pliicker line-geometry and a geometry whose elements are the space’s spheres” in the
form of a universally extending isotropic vector matrix (IVM) lattice embedded and
distributed in chaperoning Cartesian coordinate cages filling space by hierarchical
piling of the direct structural hybrid R*XSO(3) wave-packets so constituted, and which
by cellular automaton iterations in whole or parts exactly replicate the elementary
particle, atomic and periodic table spectroscopy. Moreover, since the R*xSO(3) curve-
net is timeless, all lines there, e.g. those occupied by coherently superposed photon
pairs, are everlasting, hence solving all dilemmas and paradoxes of entanglement.

Copyright © 2020 by Hadronic Press Inc., Palm Harbor, FL 34682, U.S.A.
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Introduction _

Initially highly debated as such and analytically!?, entanglement with its from
Schrodinger’s Verschrenkung® imported bearings also on budding, branching,
catenating, gluing etc., has over the years stood the tests to its now generally
acknowledged designation as a special kind of nature’s way of compounding
physical reality and realization from the ground and onwards, namely,
superposition. Elementary particles and waves, atoms, the periodic table,
molecules and their combinations all submit to this fundamental both classical
and quantum mechanical principle of joining together in matching
constellations into larger states. These are then direct sum congregations of
their irreducible ingredients and in subtraction thus release them in their
accommodated postures so that, nothing else interfering, they still appear
matched when measured along different paths after the separation.

But entangled states are coherent superpositions where each as a rule pair
occupies one geodesics where it avoids forbidden collisions either by
intertwining or more often diverging, with the counter-intuitive consequence of
interdependence/identity of synchronized measurements between them over
distances of any length; either according to the Einstein-Podolsky-Rosen (EPR)
argument' by some shared internal mathematical algorithm ensuring equal
evolution of the two, or according to the Copenhagen school® as a primary
constitution of unknown kind.

As first resolved in the thought experiment Bell theorem in 1964%, and 1999 in
a laboratory replication by Aspect’, and in both tested by a real world outcome,
the evidence as accumulating in a legion of further investigations more and
more favors the latter case. This has inspired a veritable panorama, not to say
Pandora box of freely extrapolated macroworld realizations and applications
which have reached cosmological dimensions with time travels, teleportation,
wormholes, branes, multiverses and “connected spacetimes by entangling”S as
almost everyday routine events, albeit so far totally unseen in practice. Yet,
massive funding is directed to this novel utopia which of course has immense
appeal and at least’ engenders a cornucopia of innovative mathematical,
computer and animation techniques, theoretical insights and philosophical,
epistemological, ontological and information science developments.

However, the alternative that there may be a an almost trivial, quite mundane
combination of local gearing and remote coherence has not been investigated
before but is an inherent feature of the three-dimensional space-filling lattice
model in close compliance with Marius Sophus Lie’s geometriske
transformationer™® here reported with special entanglement reference.
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Methods and Results

Marius Sophus Lie’s groundbreaking Ph.D. thesis Over en classe geometriske
transformationer®™ from 1871 (and thus due for a most deserved 150-year
anniversary) was in fact not well understood in the defence®, and soon went
down to oblivion in the faculty archives. When a hundred years later I as a
budding cardiologist (see https://www.ncbi.nlm.nih.gov/pubmed/?term=trell+e)
in search of clues on rotational transformations for electrocardiographic (ECG)
applications obtained a photocopy of it from the Oslo University library I soon
realized what a treasure it was; not directly to ECG of course but the very roots
of linear algebra, differential equations and both the philosophical and structural
“nature of Cartesian geometry”.”® With pivotal help and support from the
inventor of Lie-admissible algebra!®!!, Professor Ruggero Maria Santilli, I
made an English translation of it (now open access available)®, expressing its
crucial tenet that while “Descartes...has chosen the point as the element of the
geometry of the plane”, its “geometrical transformation...can be perceived as
consisting of a transition from a point to a straight line as element”, and more
particularly “the straight line of length equal to zero”.® Equally small as an
infinitesimal point the difference is that as a linkable line it is in effect a partial
derivative building unit filling both its space and path by its coherent steps as a
virtual cellular automaton'? (Figure 1) so as to crystalize a real form R3XSO(3)

n N S,
Figure 1. a-d) Killing A; root space diagram knits a hexagonal SO(3)
infinitesimal generator lattice, e,f) globally distributed in space-filling
parallelepiped R® chaperon enclosures to form a real space cellular automaton
which in repeated steps of itself in parts or whole carries out a structural
replication of the elementary particle, atomic and periodic table spectroscopies.

wave-packet compound which can structurally rewrite the elementary
particle!*?!, atomic and periodic table spectroscopies. Previous reports on the
latter’?® will here be complemented with the completion of the system with
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special emphasis on entanglement both in a classical and quantum mechanical
classification, generator and computation regard.

Figure 2 summarizes how the charged ¢ isospin root vectors can be linked to a
coherent triple helix in a continuous cloverleaf ‘singlet coil’ sequence of 12
unit steps — equally many as the edges of the parallelepiped — into the only
other space-filling regular solid convolution, namely, a complex of one
octahedron and two tetrahedrons (Figure 2a), which in iteration (Figure 2b)
forms an important nanotechnology structure, i.e. an ordmary space frame, alias

sm ¢ Frame ol Jv

Figure 2. Linking of charged ¢ isospin root vectors to an outwards connected
lattice, iterating to space frame of isotropic vector matrix (IVM) constitution.

octahedron-tetrahedron, or octet truss®® whose modular building blocks and
their superposition can thus be realized from the ground of material
organization. Figure 3 shows how the per se space-filling universal IVM lattice

Ground chaperon module
aiding geodetic outline

VM Waveform "CuBit”
module

A\,J;v

12 lines /7 12 edges

CuBit U IVM Singlet Module =

= 152 wavepackets
REAL R® xso(3) WAVE PACKET In palindromic Bohr

IN SOLID STATE CONFIGURATION SPACE orbital distribution

(COMPARE CRISPR: REGULARLY CLUSTERED PALINDROMIC REPEATS)

Figure 3. 2+8+18+32+32+32+18+8+2 = 152-step coherent chaperon sequence
into a trapezoid bottom module of palindromic Bohr orbital distribution whose
inner continuous 152x12-step SO(3) wave filament outlines the electron
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is continuously distributed in Euclidean space by chaperoning R® encasements
which in the first superposition period form a sideways tileable flat-bottomed
neutron ground module which for vertical packing needs a reciprocal flat-
roofed cap (Figure 4) so that each half of the combined ‘transition apparatus’
comprises 153X12 unit steps = 1836 = proton/electron relative inertial ratio.
There is one square and one diagonal alternative of realization, of which the

12x153= 1836~
101 153
016181628 u!.ui 1048= d p/e mass ratlo
b : 153

A #

e ¢

a 153%12 = 1836
x=p/e mass ratlo

2,b) A sideways stowsble module s found by a diagos

[35/40], s 8paca In flat sheets as ™ and Hy or witha spatlal twist n all direcionsas % and He

Fgure 4. Hopefull self-explaining miniature illustrations (enlargeable in the
screen) of square and twisted space-filling R*XSO(3) wave-packet module
alternatives. Colors refer to the noble gas in each period

former obliterates space by its extra step but the latter (Figure 5) can continue
the tessellation over it in exact replication of the atomic nucleosynthesis

1N}
+

junng

[0 <
I
r
NN

Figure 5. a) Nucleosynthesis of Deuterium from Neutron and Protium, and
further to Tritium, sHelium3 and ;Helium*. b) Same in Lithium to Beryllium.
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succession including the isotope spectrum, subshell filling, neutron excess etc.
in total correspondence with the periodic table. This will be exemplified by
increasingly simplified graphical representation in the further periods. Figure 6
shows the second and third, each concluded by the respective saturated noble

LITHIUM BERVLLIUM BORON CARBON SODIUM-23 MAGNESIUM-24 ALUMINIUM-27
a 1 1 1 ‘
2
2
ﬁ ga

NITROGEN FLUORINE

ARGON-36 (astrophysical)

H ﬁ In.l‘-lﬁl.s
| i

=

Figure 6. a) Fine-grained ‘Lego’ and coarse-grained ‘Duplo’*® representation of
stable(st) second period atoms. b) Duplo representation of same in third period

gas with no remaining molecular binding sites. From the fourth period, when
the neutron capture nucleosynthesis mechanism takes over in Iron and onwards,
the “triplo’ representation (Figure 7a) is the most adequate for the marginal B

decay superposition series demonstrated (Figure 7b) in the central isotopes of
Iron to Zinc.

6 57 58 9 60°* 61°*
SINGLET CELL PACKS TO 'TRIPLO’[40] By a3 N N AAR BB,
i =it 2 FE LD 75 5 DN 1 N K?H LI
S—«—"’," [\ H__, D 28, gl-ni‘ R (o
i i . = )
i i : 2
m‘!—‘_ ) SCYATAYAN DN, o
,Co
N 27
Y XN
©< | k‘ i "
2™ L i
B 3 [l 28
¥ PROTIUM/ELECTRON V.

Slow neutron captura (B° decay)

p/e l growth of atoms In central parts

.. ‘ of thielr Isotope range fram lron,

Zscu Inserting (arrows) a neutron into

[\ ll another marginal neutron and so

s converting it to deuterium, ralsing

DEUTERIUM atom but not mass number, Note
both + and = binding capacity
of the marglinal ‘triplo’ bricks

R? % 50(3) Triplo’ bricks better represent shapes and processes in heavier 302“
WAVEPACKET  states, especially from Iron, when (slow) neutron capture steps in

a b
Figure 7. a) Triplo representation (note generation of photon and neutrinos
from wave-packet edges) b) Triplo representation of central isotopes with slow
neutron capture 3 decays from Fe to Zn
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Also in the heaviest atoms this marginal accretion applies, but increasingly by
the rapid neutron capture process and sometimes downwards by o decay. All of
this will be exemplified in the forthcoming periods, and it is notable and a
further support of the model that in their subshell filling stage the lanthanides
and actinides, too, can be continuously included in the respective sixth and
seventh period. With brief comments showing parts of the periodic table series
to its conclusion in Oganesson and onwards, the further aim is a review of
entanglement as reproducible in the system in close compliance with reality.

In Figure 8a the last part of the fourth period is overviewed, and summed up in
Figure 8b, where the fulfilment with o/He blocks is demonstrated.
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The conclusion of the fifth period from Rh to Xn is shown in Figure 9a, and the
period is summarized in Figure 9b. Figure 10 comprises the same together with
an example of spacefilling expansion in the sixth period.

Xe 131(21%)

Rh 102-104

Pd 104-109

Ag 109110

€d 110-115

7th period including Actinides

In115-116 6th period including Lantt

Sn 116-121

Sb121-123

Te 122-127

1 127-129

Xe 127-133

Figure 9. a) Rh to Xe. b) Summary of fifth period.
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Note saturatlo n
of Oshellin Au

[~ _7th perlod including Actinides
] [T 1]

Figure 10. a) Conclusion of sixth period. Note saturation of subshells in same
order as in reality and that all Lanthanides have been included in that subsurface
saturation altering little of the binding sites in outer layer. Note also strong
subshell filling and consequential stability in Au. b) Summary of sixth period.

Figures 11 and 12 show the initial and concluding stage of the seventh period.
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Figure 11. a) Start of seventh period. Here downward o, decay nucleosynthesis
is getting more frequent and is focused on in the figure.
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Figure 12. a) Conclusion of seventh period ending in full saturated Oganesson.

As demonstrated in Figure 13; a) Oganesson 294, which is the best documented
isotope, is perfectly saturated and built in full a/He blocks with identical

shell/subshell pattern and bolstering neutron excess as in reality, b) and in the
295 isotope providing first step into the eight period, for which, c¢) the model

has good space in its tangential plane transferal of ground module comprisal.

GOAL!

oy s

a

Figure 13. a) Oganesson 294. b) Isomers of 0g294, Og 295, and possible

Uue 296, and fulfilment of an eight period. c) Transferal of stowing pattern and

potential in ground module to tangential plane distribution.
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In conclusion so far, the reproducible descriptive results of the system should
be sufficient evidence of its essential truth. It outlines, literally, a three-
dimensional world which is atemporal but not ephemeral because its quantum
second is eternity. In its permanence the entanglement phenomenon becomes
natural and reciprocally a strong evidence of its framework. Can simultaneous
action over distance have a local or global footing or both? The former is the
EPR standpoint! and the latter is the Bell inequality analysis and its transferal to
a still quantum mechanical instead of classical mechanism.*

It is important to realize that the search of inequality was to investigate and
identify prospective quantum mechanical formulas that would enable locality,
i.e., as surveyed in Figure 14, to endow a separating quantum superposition

In Bell's inequality re electron Bell inequahty Gamble equahty

spin it is posed that X,)Y,Z are
the measurement variables
with * span in each. In reality
this cannot evade that the
entangled electrons must carry
the spin with them; ie. a
carrier property before it can
be measured as such. If e.g. an
X is registered it must first be
delivered. And when  the
outcome is * there is in that

minimal case a2(x,x, y,-y,z,2) [ LT

set of in- and outcomes | 12 345 ? 78 LM’“@‘“‘E
created in the electron pair X, 11 |1 i1 11 -1}-1i-1 -1 ajcat cat
givinga2/6+2/6+2/6=1total | Tl T R
probability and no inequality. 't |+ [t F11i1 2L tcatcat
And if the only other optionis 1z, i1 |-11 ~1(1 |11 -1 cficatcat
a free mix between the |7 77U

variables there is the situation | .| | . ..l .l | ajcatcat
of two successive tosses of the A a By A tlcat cat
CAT/cat dice with full equality S

i P(X=Y) + P(Y=2) + P(Z=X) > 1 o(cat)(cat) =1

Figure 14. Comparing local quantum mechanical prediction and real gambling
outcome of Bell thought experiment on electron spin, showing that local
prediction exceeds real outcome and therefore rules out locality (but not reality)

with a kind of DNA formula determining equal further development of the two
or more offshoots, and then to compare with real observation violating the
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quantum mechanical prediction. Finding just one such example would solve the
dilemma, and Bell chose electron = spin over x,y, and z coordinate axes, so the
analogy of a both dead and alive - and spinning - cat could be trebled and
emulated in the form of a correspondingly signed dice to throw the real
fallout by.

However, experimental tests are needed to evaluate whether the quantum
mechanical expectation computations match synchronous measurements at
arbitrarily faraway spaced observation sites, customarily named Alice
(originally Albert) and Bob (originally Niels) and thus support local reality, or
are inequal from them and therefore must imply instant action over distance.
The majority of such experiments use polarization of photon pairs in set-ups
originally devised by Aspect® (Figure 15) and evaluated by a similai protocol as

Figure 15. Experimental set-up of entanglement generation/analysis. Pairs of
photons are discharged in opposite directions from the source through
birefringent polarizers whose orientations are adjustable, and the split rays are
individually detected, and + +, — —, + — and — + correlations under various
angles counted in the coincidence monitor. Usually the A circuit is the local
observer’s, whereas B is arbitrarily far away. V = vertical, H = horizontal

Bell’s, and overwhelmingly find that the real observations violate the
predictions, no matter how long between each other they are, and by inference,
then, over a beam between galaxies if so be. When using polarization of
photons instead of spin of electrons, the quantum state of a pair of entangled

photons is expressed as 1/V2(|]V>® V> + |[H>Q® |H>), and
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is not the same as that of a spin-half particle, with different correspondence
between angles and outcomes. Importantly, when the polarization of both
photons is measured in equal direction both give identical, in 45° angle a
random, and in 90° an anticorrelated outcome, but the general principle is the
same. As mentioned the results excludes local quantum mechanical breeding of
them, so the conclusion is that indeed instant interaction over distance is the
case. However, there is one implication of its permanent observability at any
site, namely that it must exist over the whole length of the trajectory, and this is
the key to an entirely natural mechanism and explanation which is inherent in
the present three-dimensional lattice system, as further explained in Figure 16.
Every “geodetic curve””? there is lasting and in the quantum mechanical lingo
could be likened to, let’s say, a plank that lies extended, e.g. between the moon
and asteroid B 612, weight-less and static in open space. But is it constant?
Imagine that an astronaut tilts/measures it over any angle from whatever point
along its span. By certainty; would that not instantly affect the whole plank and
resolve whatever paradox and projection and exploitation of the EPR/Bell
entanglement dilemma in the moment of a tilt? Well, now there is no such
plank, but when instead there is a polarized, solely three-dimensional, i.e.

Interior mechanics of entanglement Correlation under coefficient 1/v/2

== Quanlum
~— Classical

c

/X

Angle between detectors (in degrees)

D

Correlation

Figure 16. Interior ‘mechanics of entanglement. a) In the SO(3) lattice there
are both orthogonal and diagonal binary root vector sequences (red), all with a
v0.5/0.5 = +/Z/1 vertical/horizontal span. b) when a photon pair is discharged
from an intersection in the IVM lattice, it shares the same perpetual geodesics
that lies there as a lopsided jagged plank which a polarizer at any point can by
its inclination tilt or not tilt; in a single local moment turning the whole beam.

c) When the QM correlation coefficient 1/4/2 is divided by the real v2/1
proportion the blue and red lines change place, supporting the classical case.
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timeless, worldline in which the mediation is the measure, there is an identical
situation, offering a strong support of the ‘game of Lie’ cellular automaton plan
as well as being a direct consequence of it.

Discussion

At least 1 have no problem with the scheme and dare to meet any still
facepalming audience of the pre-critically inflating standard model creed with
it. Especially the vitally needed explication of the electron as not an amorphous
point but of already described alternating transition matrix or wave function
form® is a fact that undermines the ivory tower from the ground. But still it is
sky-rocketing, with entanglement as one of its strongest spellbinding thrusts.
However, the actual potentials are limited. With + in various angles effectively
being the only spin-off options, their tentative Morse patterns cannot more than
project a structure. And to retrieve them an observer must still travel to the site
of recording, and cannot do it faster than the speed of light, and the same
applies to any deciphering or other communication broadcast to a receiver
maybe hundreds of light-years out there. And the alternative to blindly fish
after unaddressed planks in the endless ocean of the present is equally futile on
both sides.

However, and from now naming these tilted quanta Plancks, the real
advancement is in the field of information and communication. In a three-
dimensional world there is a temporal arrow but no separate axis, and all
apparent motion in every hierarchical subsystem formed by the timeless
progression of successive moments in its track is relative to how this
approximates to or deviates from other per se immobile trajectories. Pair-
produced photons peeled off in the Aspect constellation’ (Figure 15), from the
outmost layer in one of a Calcium isotope’s surface electron modules (Figure
16 b) or a laser, thus form a rigid beam swept over in various angles by the
effector/detector plane, and if generated in larger bundles collective interaction
emerges and sustains in consecutive pulses enabling correspondingly expanded
information load for afferent and efferent messages amplified by both input and
output coding and complexification gates etc. The Plancks glide away there,
under the bridge and may by extra polarizers be directed into side-channels
where some of them align with the walls so as to seemingly disappear, only to
be redirected (but also possibly intercepted) and reappear in yet another
polarization up- or downstream like light in a prism, streaming yet still... Well,
excuse for the panegyric, but the opportunities are copious, and surely under
intense study and exploration in many places.
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When once installed in, for example, a spacecraft, and the link established,
there is instant communication reaching as far as the flight goes but not yet to
the next destination until it is there. And transferring the method to organisms
or larger objects is not possible because that would require that every smallest
molecule and all atoms in it be tilted to be sieved through the filter, and when
some are not but in counterposition, explosion will happen, and the passage is
still local. The only way is by proxy as far as the link goes and the proxy may
print the chart but not the things and to reach an intended extraterrestrial
location the link has first to be carried there which takes as many lightyears and
more as the distance. But there might be that higher civilizations have
developed the technique and are sending out signals in its band, for which a
search should therefore be made which could instate an on-line exchange but
no material impacts; and everything by classical means and mechanisms.

So, even if appearing in Science the more grandiose top-down visions of cosmic
wormholes and teleportation and multiverses and that “it is possible to build up
very generic connected spacetimes by entangling discrete noninteracting
systems™ remain unseen and out of scope with the still very fascinating
subject at hand, which has its roots in the bottom-up local scale. The electrons
in atomic shells are entangled and so determine the time-less Aufbau of the
periodic system, and for that essential operation EPR was right, too; quantum
mechanics, in its most sophisticated perturbation and variation methods is
incomplete, even in solving the electronic shell structure of the Helium atom
and onwards.*?

References

[1] Einstein A, Podolsky B and Rosen N 1935 Can Quantum-Mechanical
Description of Physical Reality be Considered Complete? Phys. Rev.
47 777-780

[2] Bohr N 1935 Can Quantum-Mechanical Description of Physical Reality
be Considered Complete? Phys. Rev. 48 696-702

[3] Schrédinger E: 1935 Discussion of Probability Relations between
Separated Systems Mathematical Proceedings of the Cambridge
Philosophical Society 31 555-563

[4] Bell J S 1964 On the Einstein Podolsky Rosen Paradox Phys. Physique
1 195-200

[5S1 Aspect A 1999 Bell’s inequality test: More ideal than ever Nature
398 189-190

[6] van Raamsdonk M 2020 Spacetime from Bits Science 370 198-202




[7]
(8]

[9]

[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]
[20]
[21]

[22]

- 780 -

Lie M S 1871 Over en classe geometriske transformationer (Kristiania
(now Oslo) University: Ph.D. Thesis

Trell E 1998 Marius Sophus Lie’s doctoral thesis Over en classe
geometriske transformationer Algebras Groups and Geometries 15 395-
445 and hadronicpress.com/lie.pdf (internet open accessible).

Stubhaug A 2002 The Mathematician Sophus Lie. It was the Audacity of
my Thinking Berlin Heidelberg: Springer Verlag
http://encyclopediaofmath.org/index.php?title=Lie-admissible algebra&o
1did=47622 Lie-admissible algebra Encyclopedia of Mathematics
Santilli RM 1998 Isotopic, genotopic and hyperstructural liftings of Lie’s
theory and their isoduals. Algebras Groups and Geometries 15 473-495
Gardner M 1970 Mathematical Games: The fantastic combinations of
John Conway’s new solitaire game: “Life” Scientific American 223 120-
123

Trell E 1983 Representation of particle masses in hadronic SU(3)
transformation diagram Acta Phys. Austriaca 55 97-110

Trell E 1990 Geometrical reproduction of (u, d, s) baryon, meson, and
lepton transformation symmetries, masses, and channels Hadronic J, 13
277-297

Trell E 1991 On rotational symmetry and real geometrical representations
of the elementary particles with special reference to the N and A Series
Phys. Essays 4 272-283

Trell E 1992 Real forms of the elementary particles with a report of
the X resonances. Phys. Essays 5 362-373

Trell E 1998 The eightfold eightfold way: Application of Lie’s true
geometriske transformationer to the elementary particles Algebras
Groups and Geometries 15 447-471

Trell E 2008 Elementary particle spectroscopy in regular solid
rewrite, AIP Conference Proceedings 1051 127-141

Trell E 2009 Back to the Ether In: Ether, Spacetime & Cosmology vol 3,
ed C Duffy and M C Levy (Montreal:Apeiron) pp 339-387

Trell E 2013 3—d realization of t, and ¢ and b hadrons in endogenous
parity with standard model Afr. J. Phys. 3 24-47

Trell E 2013 Digital outline of elementary particles via a root space
diagram approach. J. Comput. Meth. Sci. Eng. 13 245-270

Trell E 2014 Lie, Santilli, and Nanotechnology: From the elementary
particles to the periodic table of the elements AIP Conference
Proceedings 1637 1100-1109



[23]

[24]

[25]

[26]
[27]

[28]

[29]
[30]

[31]

[32]

- 781 -

Trell E, Edeagu S and Animalu A 2017 Geometric Lie Algebra in Matter,
Arts and Mathematics with Incubation of the Periodic System of the
Elements AIP Conference Proceedings 1798 020162  1-14, and
Mathematics in Engineering, Science and Aerospace 8 215-237

Trell E, Edeagu S and Animalu A 2017 Self-organized isotropic vector
matrix translation apparatus for realization of the electron, nucleon, and
periodic system. International Meeting Physical Interpretations of
Relativity Theory, Bauman Moscow State Technical University, July 3-7
2017, Moscow.

Animalu A, Edeagu S, Akpojotor G, and Trell E 2017 Semiology of
Linguistics and Geometric Lie Algebra Foundation of Atomic Structure
and Periodic System. International Meeting Physical Interpretations of
Relativity Theory, Bauman Moscow State Technical University, July 3-7
2017, Moscow.

Trell E, Akpojotor G, Edeagu S and Animalu A 2017 Stochastic
wavepacket tessellation of atomic and periodic table build in structural
R3xS0O(3) configuration space. AIP Conference Proceedings 2046 020026
1-10

Trell E, Akpojotor G, Edeagu S and Animalu A 2019 Structural wave-
packet tessellation of the periodic table and atomic constitution in real
R3xS0(3) configuration space. J. Phys.:Conference series 1251 012047 1-
17

Trell E, 2020 A Space-Frame Periodic Table Representation System
Testing Relativity in Nucleosynthesis of the Elements. J.Phys.:
Conference series 1557 012006 1-10 :
http://www.grunch.net/synergetics/octet.html Octet Truss Grunch Net
Portegies Zwart S 2018 Computational astrophysics for the future. An
open, modular approach with agreed standards would facilitate
astrophysical discovery Science 361 979-980

Martin F, Fernandez J, Havermeier T, Foucar I and Weber Th 2007
Single photon-iriduced symmetry breaking of H» dissociation. Science
315 629-633

Kastberg A 2020 Structure of multielectron atoms. Switzerland: Springer
Nature



-782 -




ALGEBRAS GROUPS AND GEOMETRIES 36 783 - 799 (2019-2020) - 783 -
DOI 10.29083/AGG.36.04.2019

EXTENDING MATHEMATICAL MODELS
FROM NUMBERS TO Hyv-NUMBERS

T. Vougiouklis
Democritus University of Thrace, School of Science of Education
681 00 Alexandroupolis, Greece
tvougiou@eled.duth.gr

Abstract

Hypergoup is a set equipped with a hyperoperation which is associative and
reproductive. The fundamental relation §* was introduced in 1970, which is the
main tool in hyperstructures because it connects them with the corresponding
classical structures. In 1990, Vougiouklis introduced the Hy-structures, by
defining the weak axioms where the non-empty intersection replaces the
equality. The quotient of a group by a partition is an Hy-group, so it is the largest
class of hypergroups. The number of Hy-structures defined on a set is extremely
greater than the number of the classical hyperstructures defined on the same set.
Hyperstructures, especially the Hy-structures, have applications in many
sciences including biomathematics, hadronic physics, lepton physics, and
Santilli’s iso-theory, to mention but a few. The hyperstructure theory is closely
related to fuzzy theory; consequently, it can be applied in linguistic, sociology,
industry and manugfacturing. In this paper, we focus on Lie-Santilli’s theory
especially on the Hypernumbers or H,-numbers needed for the mathematical
representation. The e-hyperfields, can be used as isofields, in such way to cover
additional properties. Large classes of Hy-structures can be used in the Lie-
Santilli theory especially when multivalued problems appeared, in finite or
infinite case.

Key words: hyperstructures, hope, Hy-structures, Hy-fields, Lie-Santilli iso-
theory.
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1. HYPERSTRUCTURES

The largest class of hyperstructures, called H,-structures, were introduced by
the author in 1990 [19], [22]. These hyperstructures satisfy the weak axioms
where the non-empty intersection replaces the equality. Some basic definitions
are the following:

Definition 1.1 In a set H equipped with the hyperoperation (abbreviation:
hyperoperation= hope)

- HxH — P(H)-{J},
we abbreviate with WASS the weak associativity: (xy)zrix(yz) # &, Vx,y,zeH
and with COW the weak commutativity: xymyx # @, Vx,y<H.

The hyperstructure (H,-) is called H,-semigroup if it is WASS, it is called H,-
group if it is a reproductive Hy-semigroup, i.e. xH=Hx =H, VxeH.

In the classical theory, the quotient of a group with respect to an invariant
subgroup is a group. F. Marty stated in 1934 that, the quotient of a group with
respect to any subgroup is a hypergroup. Finally, the quotient of a group with
respect to any partition is an Hy-group [22].

The powers of an element heH are: h'={h}, h>=h-h, ..., h™=h°...°h, where (°)
is the n-ary circle hope: the union of hyperproducts, n times, with all patterns of
parentheses put on them. An Hy-semigroup (H,") is a cyclic of period s, if there
is a generator g, and a natural n, such that H=h'u...Uh®. If there is an h and S,
such that H=h?, then (H,-) is called single-power cyclic of period s.

In a similar way, more complicated hyperstructures can be defined:
Definitions 1.2 The (R,+,-) is an Hy-ring if (+) and (-) are WASS, the reproduction
axiom is valid for (+) and () is weak distributive with respect to (+):

X(yroN(xy+xz)2d, (x+y)zn(xztyz)#=d, Vx,y,zeR.

Let (R,+,") be Hy-ring, (M,+) be COW H,y-group and let there exist an external
hope - :

1 RxM — P(M): (a,x) —> ax
such that, Va,beR and Vx,yeM, then we have
a(xty)n(axtay) 2 &, (atb)xN(axtbx)#J, (ab)xna(bx) = @,

then M is an Hy-module over F. In the case of an Hy-field F instead of an Hy-
ring R, then the H,-vector space is defined.
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For more definitions and applications on Hy-structures one can see the books

[11, [3], [4], [71, [9], [16], [22], [23], [28], [29], [32], [33].
Definition 1.3 The fundamental relations B*, y* and e*, are defined, in Hy-
groups, Hy-rings and Hy-vector spaces, respectively, as the smallest equivalences
so that the quotient would be group, ring and vector spaces, respectively [19],
[21], [22], [23], [31], [33].

The way to find the fundamental classes is given by the following:
Theorems 1.4 Let (H,") be Hy-group and U be the set of finite products of
elements of H. We define the relation B in H by setting xBy iff {x,y}cu where
ueU. Then B* is the transitive closure of P.

Let (R,+,") be Hy-ring and U the set of finite polynomials of elements of R. We
define the relation y in R by: xyy iff {x,y}cu where ueU. Then y* is the
transitive closure of y.

An element is called single if its fundamental class is singleton.

Definition 1.5 The fundamental relations are used for general definitions. Thus,
an Hy-ring (R,+,") is called H,-field if R/y* is a field.

Definition 1.6 Let (H,-), (H,*) be H,-semigroups defined on the same set H. (-)
is called smaller than (*), and (*) greater than (-), iff there exists an

feAut(H,*) suchthat xycf(x*y), Vx,yeH.

Then we say that (H,*) contains (H,-). If (H,-) is a classical structure then it is
called basic structure and (H,*) is called Hp-structure.

The Little Theorem. Greater hopes than the ones which are WASS or COW, are
WASS or COW, respectively.

This Theorem leads to a partial order, posets, on Hy-structures [28], [35], [9].
Definition 1.7 The Hy-semigroup (H,-) is called A/v-group if the quotient H/B*
is a group.

The h/v-groups are a generalization of the Hy-groups since in h/v-groups the
reproductivity of classes is valid. This leads the quotient to be reproductive. In a
similar way the h/v-rings, h/v-fields, h/v-vector spaces etc, are defined.
Definition 1.7 [18], [21], [22]. An Hy-structure is called very thin iff all hopes
are operations except one, which has all hyperproducts singletons except only
one, which is a subset of cardinality more than one.

Definition 1.8 [29], [32]. Let (G,") be groupoid (resp., hypergroupoid) and
£:G—G be a map. We define a hope (9), called theta-hope, we write &hope, on
G as follows

x0y = {f(x)y, xf(y)}, VxyeG. (resp. x0y= (fx)y)u(x-y), Vx,yeG)
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If () is commutative then 0 is commutative. If (-) is COW, then 9 is COW.
Let (G,") be groupoid (or hypergroupoid) and f:G—P(G)-{J} be multivalued
map. We define the (9), on G as follows

x0y = (f(x) y)ux-f(y), Vx,yeG.

Motivation for the theta-hope is the map derivative where only the
multiplication of functions can be used. Basic property: if (G,-) is a semigroup
then VT, the (0) is WASS.

Definition 1.9 [17],[32]. Let (G,-) be groupoid, then VPG, P=J we define the
following hopes called P-hopes: Vx,yeG

P: xPy= (xP)yx(Py), Pr xPry= (xy)PUx(yP), Pi: xPiy= (Px)yP(xy).

The (G,P), (G,Pr) and (G,P) are called P-hyperstructures. If (G,-) is semigroup,
then xPy=(xP)y\x(Py)=xPy and (G,P) is a semihypergroup but we do not know
about (G,Pr) and (G,Py). In some cases, depending on the choice of P, the (G,P:)
and (G,P)) can be associative or WASS.

A generalization of P-hopes is the following [6], [9]:
Construction 1.10 Let (G,:) be abelian group and P, subset of G. Define the
hope xp as follows:"

xxpy =x-P-y = {x-h-ylheP} if x#£e and cze
Xy if x=e or y=e

we call this hope Pe-hope. The hyperstructure (G,xp) is an abelian Hy-group.

The general definition of an Hy-Lie algebra was given as follows [31], [9]:
Definition 1.11 Let (L,+) Hy-vector space on (F,+,), ¢:F—F/y* canonical,
or={xeF.p(x)=0}, where 0 is zero of F/y*. Let oL the core of ¢":L—>L/e* and
denote 0 the zero of L/e*. Consider the bracket (commutator) hope:

s B LxL — P(L): (x,y) = [x,y]
then L is an H,-Lie algebra over F if the following axioms are satisfied:
(L1) The bracket hope is bilinear, i.e.
[AixiHAaxa,y I [x1,y] A2 [x2,y]) # &
[XMy1thay2]a[x,y1 ]2 [X,y2]) # &, VX, X1,X2,y,y1,y2€L, VA, eF
L2) [xx]noL#J, VxeL
(L3) ([x%.[y.z]]*Hy.[z.x]]Hz,[x,y]DNoL # &, Vx,yeL.



- 787 -

The enlargement or reduction of hyperstructures are examined in the sense
that an extra element appears in one result or we take out an element. In both
directions most useful are those Hy-structures with the same fundamental
structure [25], [27]:

Let (H,-) be Hy-semigroup and v¢ H. Extend (-) into the H=HU{v} as follows:
x-v=v-x=v, VxeH, and v-v=H. The ( H,') is an h/v-group where (H,-)/p*=Z, and
v is a single element. We call (H,') the attach h/v-group of (H,).

Theorem 1.12 Let (G,:) be semigroup and v#G be an element appearing in a
product ab, where a,beG, thus the result becomes a hyperproduct a®b={ab,v}.
Then the minimal hope (®) extended in G'=G\{v} such that (®) contains () in
the restriction on G, and such that (G,®) is a minimal Hy-semigroup which has
fundamental structure isomorphic to (G,-), is defined as follows:
a®b={ab,v}, x®y=xy, V(x,y)eG*{(a,b)}

v®v=abab, x®v=xab and v®x=abx, VxeG.
(G’,®) is very thin Hy-semigroup. If (G,-) is commutative then the (G',®) is
strongly commutative.

Let (H,-) be hypergroupoid. We say that remove heH, if we consider the
restriction of () on H-{h}. We say heH absorbs heH if we replace h by h. We
say heH merges with heH, if we take as product of xeH by h, the union of the
results of x with both h, h and consider h and h as one class.

Now we present some ‘small’ h/v-fields.

Constructions 1.13 On the rings (Zs,+,") and (Ze,+,)) we will define all the

multiplicative h/v-fields which have non-degenerate fundamental field and,
moreover they are,

(a) very thin minimal, (b) COW, (c¢) they have 0 and 1, scalars.

I. On (Z4,+,) we have the isomorphic cases: 2®3={0,2} or 3®2={0,2}. The
fundamental classes are [0]={0,2}, [1]={1,3} and we have (Zs,+®)/y*=(Z,+,").
Thus it is isomorphic to (Z2%Za,+). In this Hy-group there is only one unit and
every element have a unique double inverse.

II. On (Zs,*,), we have the only one hyperproduct,
(i) 2®3={0,3},2®4={2,5}, 3®4={0,3}, 3®5={0,3}, 4®5={2,5}
Fundamental classes: [0]={0,3}, [1]={1,4}, [2]={2,5} and we have
(Zs,+,®)y*=(Z3,+,").
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(i) 203={0,2} or 2®3={0,4}, 204={0,2} or {2,4}, 205={0,4} or 2@5={2,4},
3®4={0,2} or {0,4}, 3®5={3,5}, 4®5={0,2} or {2,4}.

Fundamental classes: [0]={0,2,4}, [1]={1,3,5} and we have
(Zs, +, @)y *= (Z2,%,7).

Definition 1.14 The uniting elements method, introduced by Corsini &
Vougiouklis in 1989 [2], is the following: Let G be algebraic structure and d be
a property, which is not valid and described by a set of equations; then, consider
the partition in G for which it is put together, in the same class, every pair that
causes the non-validity of d. The quotient G/d is an h/v-structure. Then, quotient
out the G/d by B*, a stricter structure (G/d)/B* for which the property d is valid,
is obtained.

A problem of the uniting elements occurs when more than one property is

desired. The reason is that some of the properties lead straight to the classes than
others. So, we apply the straightforward classes followed by the more
complicated ones. The commutativity and reproductivity are easy applicable
properties. One can do this because the following Theorem is valid [22], [25],
[27].
Theorem 1.15 Let (G,) be a groupoid, and F={fl,...,fu,fn+1,..., fmtn} be system
of equations on G consisting of subsystems Fn={f1,...,fn}, Fa={fimt1,..., fm+n}.
Let 0, om be the equivalence relations defined by the uniting elements procedure
on systems F and Fm, respectively, and let o, be the equivalence relation defined
using the induced equations of F, on the groupoid Gm=(G/om)/p*. Then

(G/o)/B* = (Guw/on)/B*.
i.e. the following diagram is commutative

Pm Om
—_—> G/Gm E— Gm

p(i | e

Glo Gm/0n
ml l n
(Glo)/p* _ > (Gufom)/B*.

Where all maps p, @, pm, @m, pn, ¢n, are the canonicals.
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The problem of enumeration and classification of hyperstructures, started
from the beginning, it is complicate in Hy-structures because we have very great
numbers [10]. For example, the number of Hy-groups with three elements, up to
isomorphism, is 1.026.462. There are 7.926 abelian; the 1.013.598 are cyclic.
The partial order in Hy-structures and the Little Theorem, transfers and restrict
the problem in finding the minimal, up to isomorphisms, Hy-structures.

2. REPRESENTATIONS

Representations (we abbreviate with rep) of Hy-groups, can be considered either
by Hy-matrices [21], [22], [23], [24], [27] or by generalized permutations [20].
Definition 2.1 H,-matrix (or h/v-matrix) is called a matrix with entries elements
of an Hy-ring or Hy-field (or h/v-ring or h/v-field). The hyperproduct of Hy-
matrices A=(a;) and B=(by)), of type mxn and nxr, respectively, is a set of mxr
Hy-matrices, defined in a usual manner:

A-B = (a;)-(by) = {C=(c;;) | cije@Xaix-by },

where (@) is the n-ary circle hope on the hyperaddition.
The rep problem by Hy-matrices is the following:
Definition 2.2 Let (H,-) be Hy-group, (R,+,) be Hy-ring and Mg ={(aj;) | ajeR},
then any
T:H—->Mr: h—T(h) with T(hiho)NT(h)T(h2)#d, Vhi,hoeH,

is called Hy-matrix rep. If T(hiha)cT(hi)T(hz), then T is an inclusion rep, if

T(hih2)=T(h1)T(h2), then T is a good rep an induced rep T* for the hypergroup

algebra is obtained. If T is one to one and good, then it is a faithful rep.

Theorem 2.3 A necessary condition in order to have an inclusion rep T of an

Hy-group (H, -) by nxn Hy-matrices over the H,-ring (R,+, -) is the following:

For all B*(x), xeH there must exist elements ajjeH, i,je {1,...,n} such that
T(R*(a)) = {A = (a'y) | o'y € v* (ay), ije{1,...0}}

Thus, every inclusion rep T:H—>MRg: a+> T(a)=(a;) induces a homomorphic
rep T* of H/B* over R/y* by setting T*(B*(a))=[y*(ai)], VB*(a)eH/p*, where
the element y*(a;)eR/y* is the ij entry of the matrix T*(B*(a)).

The rep problem by Generalized Permutations (write gp), is described as
follows [20]:

Definitions 2.4 Let X be a set, then a map £ X—P(X)—{J}, is a gp of X if it is
reproductive:
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Uexfx)=f(X)=X.

Denote by Mx the set of all gps on X. For an H,-group (X,') and aeX, the gp f;
defined by fa(x)=ax is called inner gp. Arrow of £ is any (x,y)eX? with yef(x).
The f,eMx contains fieMx or fi is a sub-gp of £, if fi(x)cfa(x), VxeX, then
we write ficf. If, moreover, f1#f, then f) is a proper sub-gp of f. An feMx is
called minimal if it has no proper sub-gp. Denote Mx the set of all minimal gps
of Mx. The converse of a gp f is the gp f defined by f(x)={zeX: f(z)>x}, thus f
is obtained by reversing arrows. We call associated to feMx the gp fef.
Theorem 2.5 Let feMx, then fe My iff, the following condition is valid:

If a#b and f(a)f(b)=D, then f(a)=f(b) and f(a) is singleton.
If feMx then, feMx. If feMx then, (fof)(x)={y e X:f(y)=f(x)}.

Several classes of Hy-structures can face special reps. Some of those classes
are as follows [22], [24]:
Definition 2.6 Let M=Mmxn, the set of mxn matrices on R and P={Puicl}cM.
We define, a kind of, P-hope P on M as follows :

P: MxM—P(M): (A,B) APB={AP'B: iel }c M

where P' denotes the transpose of P. P is bilinear Rees’ like operation where,
instead of one sandwich matrix, a set is used. P is strong associative and the
inclusion distributive to addition is valid:

AP(B+C) = APB+APC, VA,B,Ce M

So (M,+,P) defines a multiplicative hyperring on non-square matrices.
Let M=Mmxn be module of mxn matrices on R and take the sets

S={sckeK}cR, Q={Qi;jel}cM, P={Piiel}cM.
Define three hopes as follows
S: RxM — P(M): (r,A) — 1SA = {(1s)A: keK}c M
Q+: MxM — P(M): (A,B) > AQ+B = {A+Qj+B: jel}c M
P: MxM — P(M): (A,B) - APB = {AP'B: iel}c M

Then (M,S,Q+,P) is a hyperalgebra on R called general matrix P-hyperalgebra.
Hopes on any type of ordinary matrices can be defined [37], [8] they are called
helix hopes.
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Definition 2.7 Let A=(a;}) € Mmxq be matrix and s,teN, with 1<s<m, 1<t<n. The
helix-projection is a map

§I_: men —> Msxt: A —> Aﬂz(gu),
where Ast has entries
aj = {ap«gml 1<i<s, 1<j<t and i,AeN, i+xs<m, j+At<n}

Let A=(aij) € Mmxn, B=(bij)eMuxy, s=min(m,u), t=min(n,v). We define a hyper-
addition, called helix-sum, by

('B . menXMuxv—)P(Msxt)'(A,B)—)A®BZAS_t+B§£=(g1J)+(b1J)CMth

where (ag)+(bij)={(ci))=(ai+by) | ajeaij and byeby)}.
Let A=(aij) € Mmxn, B=(bij) € Muxy and s=min(n,u). Define the helix-product, by

®: MmxnXMuxy—P(Mmxv): (A,B)—A®B=Ams-Bsv=(aij)(bij))cMmnxy

where  (a3)-(bi)= {(ci)=(Zaiby) | ajjea; and byeby)}.

The helix-sum is commutative, WASS, not associative. The helix-product is
WASS, not associative and not distributive to the helix-addition.

We present a proof for the fundamental relation, analogous to Theorem 1.4,
in the case of an Hy-module:
Theorem 2.8 Let (M,+) be Hy-module over R. Denote by U the set of
expressions of finite hopes either on R and M or the external hope applied on
finite sets. We define the relation € in M by: xey iff {x,y}cu, ueU. Then the
relation €* is the transitive closure of the relation €. -
Proof. Let g be the transitive closure of &, and denote by g(x) the class of the
element x. First we prove that the quotient set M/g is a module over R/y*.
In M/¢ the sum (@) and the external product (®), using the y* classes in R, are
defined in the usual manner:

£()De(y) = {£(2): zeg(¥)+e(y)}, Vx,yeM.

T*(@)®&(x) = {&(2): zey*(a)-&(x)}, VaeR, Vx,yeM.
Take x'eg(x), y'eg(y). Then x'gx iff 3xi,...,.Xm+1 With x;1=x', Xm+1=x and
ul,...,ume U such that {xi, Xi+1}cw, i=1,...,m and y'gy iff 3y1,...,ynr1 with yi=y’,

yn+1=y and vi,...,vne U such that {y;,yj+1}cvi,j=1,...n.
From the above we obtain

{xi, Xit }ryr cwtvy, i=1,...m-1, X1 H{yj, yir1} C Umtvi, j=1,...,0.
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The witvi=t;, i=1,...,m-1, Un+vi=tms-1, j=1,...,n are elements of U, therefore,
tke U, Vke{l,...,m+n-1}. Take elements zi,...,Zm+n With ziexit+yi,i=1,...,n and
Zm+j €Xm+1+Yj+1, j=1,.. .0, thus, {zx,zi+1 }Cti, k=1,...,m+n-1.
Therefore, Vziexi+yi=x"+y’ is g equivalent to Zmin €Xm+1+ynri=x+y. Thus
&(x)Dg(y) is a singleton so we can write, g(X)Dg(y)=g(z), Vzeg(X)+£(y).
Similarly, using the properties of y* in R, we prove that

T*(2)®(x)=E(2), Vzey*(a)&(x)

The WASS and the weak distributivity on R and M guarantee that the
associativities and the distributivity are valid for M/g over R/y*. Therefore, M/g
is a module over R/y*,

Now let 6 equivalence relation in M such that M/c is module on R/y*. Denote
o(x) the class of x. Then, 6(x)®o(y) and y*(a)®c(x) are singletons VaeR and
X,yEM, i.e.

o(X)®o(y)=c(z), Vzeo(x)to(y), v*(a)®@c(x)=0(z), Vzey*(a)-6(X).

Thus we write, VaeR, x,yeM and Acy*(a), X<o(x), Y=o (x)

o()@a(y)=o(xty)=c(X+Y), y*(a)®c(x)=c(ax)=c(4-X).

By induction, extend these relations on finite sums and products. Thus, VueU,
we have 6(x)=c(u), Vxeu. Consequently x’ eg(x) implies x'€o(x), VxeM. But
o 1s transitively closed, so we obtain: x’eg(x) implies X' eo(x).

Therefore, g is the smallest equivalence on M such that M/g is a module on
Riy*%, ie. g=¢*. m

Recall that, an element is single if its fundamental class is singleton, so, in an
Hy-group if s is single then B*(s)={s}. Denote Sy the set of singles. If Sy£J,
then we can answer to the very hard problem, that is to find the fundamental
classes. The following theorems are proved [22], [24], [35]:
Theorem 2.9 Let (H,-) be Hy-group and se Su#J. Let acH, take an element ve H
such that seav, then BL*"'(a)={heH:hv=s}, and the core of His op={ueH:us=s}=
{ueH: su=s}. Moreover, sx=B*(sx) and xs=B*(xs), VxeH.
Important Conlusion. Two elements a,b are in the fundamental relation B if
there are two elements x,y who bring a,b in the relation p. That means that the
fundamental relation B* ‘depend’ on the results. This fact leads to a special proof
where we need to discover the ‘reason’ to have the results. Every relation needs
even the last one result to characterize its classes. However, if there are special
elements, as the singles, which are strictly formed and carry inside them the
relation, then these elements form the fundamental classes.
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3. LIE-SANTILLI HYPER-ADMISSIBILITY

Last decade hyperstructures have applications in mathematics and in other
sciences. These applications include biomathematics — conchology and
inheritance - hadronic physics, lepton physics, and Santilli’s iso-theory, to
mention but a few. The hyperstructure theory is closely related to fuzzy theory;
consequently, it can be widely applied in linguistic, sociology, industry and
production [1], [3], [4], [71, [9], [18], [28], [29], [31], [34], [36].

In [30], with ‘The Santilli’s theory ‘invasion’ in hyperstructures’, there is a

first description on how Santilli’s theories effect in hyperstructures and how new
theories in Mathematics appeared by Santilli’s pioneer research. In 1996 Santilli
& Vougiouklis [14], point out that in physics the most interesting hyperstructures
are the one called e-hyperstructures. These hyperstructures contain a unique left
ant right scalar unit, which is an important tool in Lie-Santilli theory. One can
see the books and related papers for more definitions and results related topics:
[5], [6], [9], [11], [12], [13], [14], [15], [26], [30].
Definition 3.1 A hyperstructure (F,+,-), where (+) is an operation and (-) a hope,
is called e-hyperfield if the following axioms are valid: (F,+) is an abelian group
with the additive unit 0, (-) is WASS, (-) is weak distributive with respect to (+),
0 is absorbing element: 0-x=x-0=0, Vx €F, there exist a multiplicative scalar unit
1,1e. 1-x=x-1=x, VxeF, and VxeF there exists a unique inverse x}, such that

lexx'nxtx.

The elements of an e-hyperfield are called e-Aypernumbers. If the relation:
1=x-x"'=x"l.x, is valid, then we say that we have a strong e-hyperfield.
Definition 3.2 The Main e-Construction. Given a group (G,-), where ¢ is the unit,
then we define in G, a huge number of hopes (®) as follows:

x®y={xy, g1, g2,...}, Vx,yeG-{e}, and g1, g2,...€G-{e}.

The (G,®) is an e-hypergroup, which is an Hy-group because it contains (G,).
Moreover, if Vx,y with xy=e, so x®y=xy, then (G,®) is strong e-hypergroup.

The proof is immediate since we enlarge the results of the group by putting
elements from G and applying the Little Theorem. Moreover, the unit e is unique
scalar and VxeG, there exists a unique inverse x!, such that eex-x'nxx.
Finally, if the last condition of the difinition is valid, then e=x-x'=x"''x, so the
(G,®) is a strong e-hypergroup.
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Remark that the main e-construction gives an extremely large class of e-

hopes. The most useful are the ones where only few products are enlarged and,
even more, the extra elements are one or two.
Example 3.3 Consider the quaternion group Q={1,-1, i,-i, j,-j, k,-k} with
=j2=k?=-1, ij=k, jk=i, ki=j. Denoting i={i,-}, {={j,-j}, k= {k,-k} we may define
a very large number (*) of hopes by enlarging only few products. For example,
(-1)*k=k, k*i=]j and i*j=k. Then the (Q,*) is a strong e-hypergroup.

An important new field in hypermathematics comes straightforward from
Santilli’s Admissibility. We can transfer Santilli’s theory in admissibility for
representations in two ways: using either, the ordinary matrices and a hope on
them, or using hypermatrices and ordinary operations on them [11], [12], [13],
[15], [30].

The general definition is the following:

Definition 3.4 Let L be Hy-vector space over the Hy-field (F,+,), o:F—>F/y*,
the canonical map and wr={x € F:(x)=0}, where 0 is the zero of the fundamental
field F/y*. Let o be the core of the canonical map ¢":L—L/e* and denote by
the same symbol 0 the zero of L/e*. Take two subsets R, ScL then a Lie-Santilli
admissible hyperalgebra is obtained by taking the Lie bracket, which is a hope:

[,1rs: LxL—P(L): [x,y]rs= XRy-ySX= {xry—ysx | reR, seS}

On non square matrices we can define admissibility as follow:
Construction 3.5 Let (L=My,*) be Hy-vector space of mxn hyper-matrices on
the Hy-field (F,+,), o:F—F/y*, canonical map and or={xeF:p(x)=0}, where 0
is the zero of F/y*. Similarly, let L be the core of ¢':L—L/e* and denote by the
same symbol O the zero of L/e*. Take any two subsets R,ScL then a Santilli’s
Lie-admissible hyperalgebra is obtained by taking the Lie bracket, which is a
hope:

[, Irs: LxXL—>P(L): [x,y]Rs=xR'y~yS*X.

Notice that [x,y]rs=xRYy—ySx={xr'y—ys'x |reR and sesS}
Definition 3.6 According to Santilli’s iso-theory [9], [13], [14], [15], [26], [30],
on a field F=(F,+,"), a general isofield F= F(3,%,%X) is defined to be a field with
elements d=ax1, called isonumbers, where acF, and 1 is a positive-defined

element generally outside F, equipped with two operations F and X where F is
the sum with the conventional additive unit 0, and X is a new multiplication

A% b: =axTxb, with 1=T", va, beF )

I
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called iso-multiplicdtion, for which 1 is the left and right unit of
1Ra=ax1=3,vaeF (ii)
called iso-unit. The rest properties of a field are reformulated analogously.

In order to transfer this theory into the hyperstructure case we generalize only
the new multiplication X from (i), by replacing with a hope including the old
one. We introduce two general constructions on this direction as follows:
Construction 3.7 General enlargement. On a field F=(F+,-) and on the isofield
F=F(3,F,%) we replace in the iso-product

AR b= axTxb, with 1=T"
the element T by a set of elements Ha={T,R1,%2,...} where %1,%,...€F,

containing T, for all 4 X b for which 4,b¢ {0,1} and %1,%,...€F-{0,1}. If one

of 4, b, or both, is equal to 0 or 1, then Hav={T}. Therefore, the new iso-hope is
a R b = axHapxb= 4x{TR1,%2,...}xb, va,beF (iii)

F=F(3,%,%) is an isoH,-field The elements of F are called isoH,-numbers or

isonumbers.
Remarks 3.8 Important hopes of this construction are those where the result is

enlarged only for few ordered pairs (3,b), even more, the extra elements &i, are
only few, preferable exactly one. Thus, this special case is if there exists only
one pair (4,b) for which
aR b= ax{TR}xb, vabeF

and the rest are ordinary results, then we have a so called very thin isoH,-field.

The assumption that Ha={T}, 4 or b, is equal to 0 or 1, with that &;, are not 0
or 1, glve that the isoHy-field has one scalar absorblng 0, one scalar 1, and
vaeF, has one inverse.
Construction 3.9 The P-hope. Consider an isofield F=F(3,F,%) with 4=ax1, the
isonumbers, where a€F, and 1 is a positive-defined element generally outside F,
with two operations F and X, where F is the sum with the conventional unit 0,
and X is the iso-multiplication

aRb:= axTxb, with 1=T", vabeF

Take a set P={T,p1,...,ps}, with Pi,..., pseF-{0,1}, define the isoP-H,~field,
F=F(a,F,%p), where the hope Xp as follows:
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(iv)

The elements of F are called isoP-H,-numbers.
Remark, If P= {T,p}, that is that P contains only one f except T. The inverses
in isoP-Hy-fields, are not necessarily unique.
Consruction 3.10 The generalized P-construction can be applied on rings to
obtain Hy-fields. Thus for, Z10= Z10(3,F,%), and if we take P={2,7}, then we
have the table

X10]31|2|3 |2 |5|86|7|8| 3
0, 0/0/0/|0]0]|08]0]0]0 0
1012|383 |42|5|86/7|8]323
2102|812 |58]|0,42|8|2]|¢%5
310|132 )838|4|05|6|27| 849
4 /0|4 |6| 4 |2|0|8|6|4]| 2
5/0/5/0|05[005|/005/0]205
6 | 0|6 |4| 6 8|0 |24 |6 8
7 017|827 |5 |05(4|38|2]|16
810812812 0|5%|2|8] 14
91015 |86 (45| 2 |05|8 (18|43 |27

Then the fundamental classes are

0={0.5), ()={18}, =127}, 3)={3.8}, 4={43},
and the multiplicative table is the following

x 10| @ @) €) @
@O © ©) ©) )
A | 0 | (1)) | 2),4) | G)D) | (4,(3)
@ 0@ 3) (2) (1)
Al1O 3D @ 3) (4)
W10 @B 1) 4 @)

Consequently, Zio=Z10(3,F,%), is an H,-field.
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4. CONCUSIONS

Anytime applied sciences ask from mathematics to have a model to express a
new theory, then mathematicians search for existing mathematics if there is an
appropriate one. If there is none, then they try to create a new mathematics to
represent the required axioms. The Hy-structures can offer to the Lie-Santilli
theory some of the models needed, because they are multivalued and there is a
huge number of Hy-structures defined on the same set. Moreover, the appropriate
H,-fields can sometimes answer the basic question of Santilli’s theory: What are
the hypernumbers on which the entire theory is constructed via mere
compatibility arguments.
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Abstract

Abstract: According to Einstein, Podolsky and Rosen, ‘quantum mechanics is
incomplete’ and it is popularly known as “EPR argument”. R.M.Santilli is
seriously working in this direction and trying to prove it. In this context, we
would like to appeal that, when mass of any elementary particle is
extremely small/negligible compared to macroscopic bodies, highly curved
microscopic space-time can be addressed with large gravitational constants.
Following this kind of approach, it is possible to show that, Reduced Planck’s
constant is a compactified coupling constant of electroweak gravity.
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Nomenclature
1) Newtonian gravitational constant =G, 18) Neutron life time=7,
2) Electromagnetic gravitational constant=G, [19) Weak interaction string tension= F_
3) Nuclear gravitational constant =G, 20) Strong interaction string tension=F,
4) Weak gravitational constant =G, 21) Electromagnetic interaction string
5) Fermi’s weak coupling constant = G, tension=F,
6) Strong coupling constant = ¢, 22) C]i:avitational interaction string tension=

7) Mass of electroweak fermion =AM o . . .
8) Reduced Planck’s constant = 23) Weak interaction string potential=E_

9) Speed of light= ¢ 24) Strong interaction string potential = E

10) Elementary charge = ¢ 25) Electromagnetic interaction string

11) Strong nuclear charge = e, potential = E_

12) Mass of proton =m,, 26) Gravitational interaction string potential
=K

13) Mass of neutron =m;,

14) Mass of electron=m,

15) Charge radius of nucleus=R,
. 0 +

16) Root mean square radius of proton=R,  [29) Mass of pions = (m,) o(m,)

17) Magnetic moment of proton =y, 30) Mass of weak bosons =(m, )0 J(m, )i

27) Fine structure ratio = ¢
28) Nuclear fine structure ratio = ¢,

1. Imtroduction

As it is well known, Albert Einstein did not accept quantum mechanical
uncertainties as being final, for which reason he made his famous quote “God
does not play dice with the universe.” More particularly, Einstein believed that
“quantum mechanics is not a complete theory,” in the sense that it could be
broadened into such a form to recover classical determinism at least under
limit conditions. Einstein communicated his views to B. Podolsky and N.
Rosen and they jointly published in 1935 the historical paper [1] that became
known as the EPR argument. In view of the rather widespread belief that
quantum mechanics is a final theory valid for all conceivable conditions
existing in the universe, objections against the EPR argument have been
voiced by numerous scholars, including by N. Bohr [2], J. S. Bell [3,4], J. von
Neumann [5] and others (see Ref. [6] for a review and comprehensive
literature). The fiéld became known as local realism and included the
dismissal of the EPR argument based on claims that quantum axioms do not
admit hidden variables A [7, 8]. In this context, R.M.Santilli is seriously
working and proving the ‘EPR’ argument based on ‘isosymmetries’ [9-13].
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Even though our approach is different, we would like to emphasize the point
that, ‘quantum mechanics’ is certainly an incomplete theory because of its
poor background associated with the mysterious origin of the ‘reduced
Planck’s constant’ and it is the root cause of failure of unification of ‘quantum
mechanics’ and ‘gravity’.

Subject of final unification is very interesting. But, unifying gravity
and quantum mechanics (QM) is very much complicated and scientists are
trying their level best in different ways. As gravitational effects are negligible
at quantum level, standard model of particle physics attempts to explore the
secrets of elementary particles. On the other hand, as quantum effects are
negligible at macroscopic level, General theory of relativity (GTR) attempts to
explore the secrets of the universe. The most complicated question to be
answered is — If celestial objects are confirmed to be made up of various kinds
of atoms, whether ‘gravity’ is causing the atoms to form into celestial spheres
or quantum rules are causing the atoms to form into celestial spheres that show
gravity?

Astrophysics point of view or ‘Planck scale’ point of view, there is a
possibility of observing the combined effects of GTR and QM at
intermediate energy scales. In between GTR and QM, there exist fascinating
and most complicated astrophysical objects, i.e. Black holes. Even though
their detection is a great mystery, one can see the best possibility of
understanding QM and GTR at extreme energy scales. Here, we would like to
emphasize the point that, astrophysical observations pertaining to Black holes
and various other compact stellar objects just reveal the combined effects of
GTR and QM but no way indicate the secrets of unification of QM and GTR.
One most common point of QM and GTR is “mass”. By understanding the
massive origin of elementary particles, it may be possible to probe the secrets
of QM and GTR.

The primary goal of quantum gravity is to join the laws of quantum
mechanics with the laws of general relativity into a single mathematically
consistent framework. Many scientists believe that, String theory [14,15,16] is
one best candidate of quantum gravity. It is embedded with beautiful physical
concepts like open strings, closed strings, string vibrations, string length,
string tension and ‘fermion-boson super symmetry’. Scientists strongly believe
that, String theory'is empowered with good mathematics and smartly fits
gravity in unification program. Point to be noted is that, by considering the
Planck length as characteristic amplitude associated with strings, String theory
advances its ideological representation. Very unfortunate thing is that, even
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though, originally, String theory was proposed for understanding ‘strong
interaction, as Planck length is 20 orders of magnitude less than nuclear size, it
is badly failing in explaining and predicting nuclear scale physical
phenomena. Here we would like to stress the point that, the main reason for
its fatal failure is — “implementation of the two famous physical constants H-
bar and big G as-they-are”. We would like to say that, without addressing the
roots of H-Bar and big G, it is impossible to construct a workable model of
final unification.

2. Three large atomic gravitational coupling constants

When mass of any elementary particle is extremely small/negligible
compared to macroscopic bodies, highly curved microscopic space-time can
be addressed with large gravitational constants and magnitude of elementary
gravitational constant seems to increase with decreasing mass and increasing
interaction range. Based on this logic, we consider the possibility of existence
of three large gravitational constants assumed to be associated with the
electromagnetic, strong and weak interactions [17-32]. Compared to multi-
dimensions and unproved maths of any String theory model, our proposal can
be given some positive consideration. Following the notion of string theory,
compactification of un-observable spatial dimensions might be playing a key
role in hiding the large magnitudes of the three atomic gravitational constants.
If multi dimensional physics is having a real sense, then, compactification of
large magnitudes of atomic gravitational constants can also be possible.

By following our idea, in analogy with Planck scale, as an immediate
result, it seems possible to have three different string amplitudes
corresponding to electromagnetic, strong and weak interactions. In this way,
String theory can be shaped to a model of elementary particle physics
associated with 3+1 dimensions. Another advantage is that, considering the
combined effect of the three atomic gravitational constants, origins of H-Bar
and big G can be understood. Including the Newtonian gravitational constant,
as the subject under consideration deals with 4 different gravitational
constants, our model can be called as 4G model of final unification or
Microscopic Quantum Gravity. With further study, Planck scale and
electroweak scale can be studied in a unified manner. During cosmic
evolution, if one is willing to give equal importance to Higgs boson and
Planck mass in understanding the massive origin of elementary particles, then
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it seems quite logical to expect a common relation between Planck scale and
Electroweak scale.

3. Basic assumptions

1) There exists a characteristic electroweak fermion of rest energy,
M c* =584.725 GeV. It can be considered as the zygote of all elementary

particles.
2) There exists a strong interaction elementary charge (e,) in such a way that,

its squared ratio with normal elementary charge is close to the reciprocal of
the strong coupling constant.

3) Each atomic interaction is associated with a characteristic large
gravitational coupling constant.

4. To validate assumption-1
To validate assumption-1, we argue with the following nuclear and particle

level observations.

1) Itis generally believed that, (m, )° .(m, )" are the force carriers of strong

interaction and (m,)’,(m, )" are the force carriers of weak interaction.
Considering Pions and electroweak bosons, to a great surprise, we

noticed that,
(—“ "y ] =0.001606 = —(m”CZ): (m”CZ);
w (ngcz) Onwcz)_ e}

V134, .
N( 134.98x130.57 MeV_|_ o 0 oo

~1 J80379.0x91187.6 MeV

2) Itis also very interesting to note that,

‘\’ mpmn

————— (.84 =

()’ (mg)*

=6.83. o)

M,
V) (m, )’
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3) As neutron’s weak decay is directly responsible for nuclear stability
associated with beta emission, based on the two numerical
coincidences, i.e. 0.0016 and 6.83, existence of our assumed 584.725
GeV weak fermion can be confirmed and it is also possible to have a
relation of the form,

M, = [M}mp =585.244 GeV/c>. 3)
(my )’ (m:)*

4) With reference to nucleons and pions, it is reasonable to argue that, if
one is willing to consider (mch)o&(m“,cz)i as the force carriers of

weak interaction [33,34,35,36], one should not ignore the possibility of
considering the proposed weak fermion of rest energy 584.725 GeV as
the characteristic field generator of weak interaction.

5) Weak force carriers cannot exist without the existence of their weak
field generating fermion.

6) We would like to emphasize that, independent of the famous semi
empirical mass formula (SEMF), and using the ratio 0.0016, nuclear
stability and nuclear binding energy can be understood with four
simple terms and one energy coefficient. See section 7.

5. Semi empirical derivations

This section has been divided into 4 sub sections [26,29]. Based on the
proposed second and third assumptions, in section 5.1, relations (3), (7) and
(11) have been defined.

In Section 5.2 important numerical fitting relations (13), (14), (15) and
(16) have been proposed (pertaining to nuclear charge radius, Planck size
and Fermi’s weak coupling constant) and an attempt has been made to infer
an expression for weak gravitational constant.

In Section 5.3, based on the results obtained from Section 5.1 and
Section 5.2, an important inference i.e. relation (21) has been made.

Section 5.4 includes simplified relations pertaining to elementary mass
ratios, Newtonian gravitational constant and strong coupling constant.

5.1 Defined basic relations and their consequences
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5.1.1 Ratio of Newtonian and electromagnetic gravitational constants

Considering the similarities in between gravitational and electromagnetic
interactions, relation (3) has been defined to understand the role and to
estimate the approximate magnitudes of the electromagnetic and Newtonian
gravitational constants [37].

1

1 1
Gy ¥ ——_( Gy Vo hem }*
mp :(Ej Mpl xXm, =( G ] (—GN

e €

where, M, = L = Planck mass
Gy

On rearranging relation (4),

2
he G, i m

M,z [—=—=%||£ 5

" Gy (GNJ (me] ®

5.1.2 Proton — electron mass ratio

4)

Pertaining to proton-electron mass ratio, relations (6) and (7) have been
defined in the following way.

mny Gemj Gsmz ©6)
m, | me hic
mo_& )[ & ™)
m, | ams,Gm |\ 4ne,Gm?

Based on the second assumption and relations (6) and (7),

2 3 24
(e N_LNGsmPNGsmp )
- o - Gm T R
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(Q—SJ: 1, [Gm, _Gom, )
e) No, \Gm — ke

Based on relation (8), quantitatively, it can be inferred that,

2
— % -0 _ (10)
dme,G,m,m,

G. 3
Based on relation (8), substituting ¢’ = (‘—m‘;]ez in relation (10),

1

2

My o g [5G
2

m, e

an

Based on relation (4) and (6), on eliminating #c,

114

" G 17
Lol (12)
m (Gmﬂ}

e

5.2 Numerical fits and their consequences pertaining to nuclear charge
radius, Planck size and Fermi’s weak coupling constant

With reference to nuclear gravitational constant, nuclear charge radius can
be fitted with,

2G,m,
Ry = 7 =1.2393 fm (13)

With reference to Planck size, it has been noticed that,

(G_’fp)_ f_@v;’}.g[_”fa] : (14)
¢ N ¢ m,

Based on relation (13), Fermi’s weak coupling constant can be fitted with,
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G. = m, zth§N4th2mf
= m, -8 (15)

=1.4402105x107% J.m®

Based on relations (13), (14) and (15),

(& ] 4Gy 16)

2
m, ¢

Gr

I

Based on the magnitude of weak gravitational constant proposed by
Roberto Onofrio [21] and based on relation (16), it has been inferred that,

m 10
G, =|—L| Gy a7
m&
Based on relations (16) and (17)
4’ G

c

Based on relations (15) and (18),

G, _2Gm, _ [4Gh
(== 1 @

5.3 Important inference and its implications pertaining to first
assumption

Based on the above relations (4) to (19), on eliminating the three proposed
atomic gravitational constants, one can get the following relation.

oz [ﬂ] he 20)

2
m, Gym,

If one is willing infer that,
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he=G, M

w w

Based on relations (19) and (21),

Gm, =G M,

s —

Based on relations (20), (21) and (22), the following relations can be
obtained.

1
m, = [%1)3 (Mwme2 )%

GF = GwarR\%
2GwM W
cz

where, R, =

hcz—[—%}mm =G.M m
G % sl e

S

5.4 Simplified relations for elementary mass ratios, Newtonian
gravitational constant and strong coupling constant

€2y

22)

(23)

@9

(25)

(26)

@7)

28)

On eliminating proton and electron rest masses, Newtonian gravitational
constant and strong coupling constant take the following simplified forms.
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GZIGIO
Gy ="ea (29)
1 GIO
e 22 L 3 0
. GG (30)

Based on relations (29) and (30),

13 123
o ;G—GG— G1)

w

6. Characteristic unified relations pertaining to estimation of
(Ge’Gs5Gw’GN)

a) With the following relation, magnitude of G can be estimated.

2 2

e“m
G,=—2%— 32
¢ T 162%sgm’ 32)

n

b) After finding the value of G,,with the following relation, magnitude of
G, can be estimated.
2y r4 2.2
G,M, hc (33)

Gs

n

3= 3
Gomym,  Gm,m,

¢) After finding the value of G,, weak gravitational constant can be
estimated with a relation of the form,

m, |G,

] e

d) Thus, quantitatively,
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G, =2.374335x10% m’kgsec?

G, =3.329561x10%m’kg 'sec™

G, =2.909745x10* m’kg'sec?
Gy =6.679855x10™ m’kgsec?
Gy =1.4402105x107%2 T m®

a, =0.1151937 and e, =2.9463591e

e) Based on relation (25), we are working on developing procedures for
estimating the magnitude of strong gravitational constant and weak
gravitational constant independent of the reduced Planck’s constant.
Appropriate relations seem to be associated with the experimental values
of strong coupling constant [38,39], nuclear charge radius [40,41,42,43],
magnetic moment of proton and neutron life time [44].

3
o = Gem; ~0.1152 (35)
Gym),
2G.m
R = :2 2 ~1.24 fin. (36)
eG.m . B
Hy = 2Sc 2 ~1.487x107% J.Tesla™! 37
2 2
1= ﬂﬂ——? ~874.94 sec (38)
Gw (mn '"mp 4

7. Understanding nuclear binding energy with single energy coefficient
and four simple terms

We would like to emphasize the fact that, physics and mathematics associated
with fixing of the energy coefficients of semi empirical mass formula (SEMF)
[45,46,47] are neither connected with residual strong nuclear force nor
connected with strong coupling constant «,. Since nuclear force is mediated
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via quarks and gluons, it is necessary and compulsory to study the nuclear
binding energy scheme in terms of nuclear coupling constants. In this
direction, N. Ghahramany and team members have taken a great initiative in
exploring the secrets of nuclear binding energy and magic numbers [48,49]
with reference to quarks. Very interesting point of their study is that - nuclear
binding energy can be understood with two or three terms having single
variable energy coefficient. In this direction, based on three unified
assumptions connected with gravity and atomic interactions, in a semi
empirical approach, we have developed a very simple formula for nuclear
binding energy with single energy coefficient having four simple terms [27].
Corresponding relations can be expressed in the following way. Starting from
Z=3 10 118,

4, =2Z+0.0016(22)* = 27 +0.00642>

= Estimated mass number close to proton-neutron mean stability line.

39

A -4 2 .
BE= {A—Afg -4 —%}(Bo =10.1 MeV)

5

(40)

= Estimated nuclear binding energy
Here, we would like to appeal that,

) 4= (1+0.0019A«/ZN ) can be called as the geometric number of free or

unbound nucleons.
2) 4" can be called as radial factor associated with nucleons.

3) (As - A)2

5

can be called as isotopic asymmetric term associated with

mean stable mass number.

4) Binding energy coefficient, B, = L( ¢ }z 10.1 MeV seems to be
o, | dnggR,
associated with nuclear radius, strong coupling constant and fine
structure ratio.
5) Proceeding further, by considering electroweak interaction and
eliminating the number 0.0019, it is possible to show that,
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2
BE = [A— AP —@] 10.1 MeV——[l+ (0.00161A«/ZN)]1 1.9 MeV (1)

8. Estimating nuclear charge radii independent of quantum concepts

Without considering quantum concepts, nuclear charge radii can be estimated
with the following expression. For medium and heavy atomic nuclides,

4

This relation can be compared the currently believed various relations
pertaining to the estimation of nuclear charge radii [50,51]

9. Discussion
We would like to emphasise the following points:

1) Even though quantum mechanics is successful in understanding the
guantum effects of microscopic systems, origin of the reduced Planck’s
constant is still a mystery at the microscopic level.

2) String theory is silent on the universal applicability of the reduced
Planck’s constant.

3) During cosmic evolution, if one is willing to give equal importance to
Higgs Boson and Planck mass in understanding the massive origin of
elementary particles, it seems quite logical to expect a common relation
between Planck scale and Electroweak scale.

4) When microscopic space time is more curved than the macroscopic space
time curvature, it is natural to assign a large value to microscopic
gravitational constant.

5) Compared to particles having a structure, for point patticles the magnitude
of gravitational constant can be much higher.

6) Magnitude of the elementary gravitational constant seems to increase with
the decreasing mass of the elementary particle under consideration.

7) According to the String theory, the real world is a compact manifold and
out of 10 dimensions, 6 spatial dimensions get compressed and will not
allow any observer to identify their existence. Applying this idea to our



8)

9

-815-

proposal, compactification of 6 unobservable space dimensions might be
playing a key role in hiding the large magnitudes of the three atomic
gravitational constants.

Using the strong nuclear charge, proton magnetic moment (ei#/2m,) ,

nuclear fine structure ratio o, = (e? /47,re), unified nuclear binding energy
. 1 N . ) .
coefficient B, = ?/a xa, (m,c*)and Fermi gas model of nuclear potential

E, = Jaxa, (m,c +mc*) can be fitted. Another interesting application is

that, based on strong charge conservation, electromagnetic charge
conservation and super symmetry, fractional charge quarks can be
understood with generation of quark fermions and quark bosons
[29,30,31,32].
‘String Tension’ is a practical aspect of String Theory [52]. Considering
the proposed three atomic gravitational constants and following the
universal applicability of ‘speed of light’, approximate tensions associated
with weak, strong, electromagnetic and gravitational interactions can be
represented by,

F 5[—51—

"\ 4G,

F=|2 ]s6065x10‘

=6.94x10°N

i

o

¢ ). 8505%10°N

e
I

>

E,

n

J 3.026x10"N
G,

N

(43)

10) Following the universal applicability of ‘clementary charge’, approximate

(operating) energy potentials associated with the above string tensions can
be represented by,
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E = |2 £ 12250Gev
" Ndzs,\ 4G,

2 4
E = |2 (c J523.3MeV

Q

I (44)

2 3
E= |- ("' ]5874eV
4r7e,

&
'S
Q

N

N
Q

e

¢ |- |=8355x10"F
4ze, | 4G,

11) These estimated weak, strong and electromagnetic energy potentials seem
to be close to experimental values.

12) Relation (21) needs in depth discussion at fundamental level.

13) With reference to the current experimental values of root mean square
radius of proton, (0.833+0.01) fm and (0.831£0.007,,+ 0.012,,) fm, We

noticed one interesting relation. It can be expressed as,

2 3
R, 4’;€°h LR 4’2[8027’ =0.835 fm (45)
e;m, J\ Mpe emy,e

In this relation,

EE

1K

i

2
a) (ﬁff-&]zazszﬁn can be inferred as the Bohr’s model of probable

eym,

distance of finding proton in the nuclear well where the operating
charge is e, =2.946e.
b) (—h—) = 0.21 fm can be considered as the reduced Compton wavelength
mpc
of proton.

Based on relation (45) and assumption(2),.

{[42200]("11;&#} (46)

Tl

/]

n
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10. Conclusion

With reference to pions and electroweak bosons, it is possible to confirm the
existence of M c* =584.725 GeV. Proceeding further, based on the famous EPR

argument and with further research, actual essence of final unification and
mystery of the reduced Planck’s constant can be understood.
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Abstract

We present measurements of the polarization correlation of the
two-photonsystem produced in positron-electron annihilation of #4Cu
that were conducted at Freiburg University 1976-1980. Our
experiment was motivated by two contradicting results. An
experiment conducted at Columbia University observed a quantum
mechanical correlation whereas an experiment conducted in Catania,
Sicily observed a correlation that was about 40% lower. The two
back-to-back photons are either both right-handed or left-handed
polarized. The polarization of each photon is measured with a
Compton polarimeter on each side of the source consisting of a plastic
scintillator as scatterer and a Nal detector, which records the
Compton-scattered photons.The polarization correlation is measured
by the difference in azimuth angle ¢ between the two polarimeters.
We performed the measurements for different scatterer shapes,
different scattering angles and different distances between the source
and the polariméters. We developed a detailed MonteCarlo program
for simulating the quantum mechanical expectation for each
measurement setup. All measurements agree rather well with
quantum mechanics. We further reproduced the results of all
conducted experiments with our simulation. The reduced Polarization
correlation observed by the Sicilian experiment originated from a large
fraction of double scattering in which the original polarization
correlation is diminished. We further performed a test of Bells
inequality with our results and those measured by other experiments.

Copyright © 2020 by Hadronic Press Inc., Palm Harbor, FL 34682, U.S.A.
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1 Introduction

In the early 1970s two experiments were conducted that measured the po-
larization correlation of the two annihilation photons from electron-positron
annihilation. The motivation came from the EPR article [1] and Bell’s inves-
tigation into hidden variables [2,3]. The experiment by Kasday-Ulman-Wu
(Columbia U., 1975) [4] measured a polarization correlation that confirmed
the quantum mechanical prediction. The experiment by Faraci et al. (Cata-
nia U., 1974) [5] measured a value that was 30% lower than the quantum
mechanical expectation. The discrepancy could not be explained. Therefore,
K. Meisenheimer and myself under supervision of professor Runge built a new
experiment for measuring the polarization correlation of the two annihilation
photons from at the University of Freiburg. The experiment was conducted
like a modern high-energy physics experiment with respect to data taking,
analysis and simulation.

2 Measurement Principle

Positrons from a %Cu source annihilate with electrons in the conduction band
typically in an S=0 state into two nearly back-to-back photons (HWHM=5.9+
‘0.1 mrad), which are either both left-handed or right-handed polarized. Thus,

the state vector in terms of momentum Ei and polarization ¢; = R;, L; is

1
¥) = o] o Ra) s Ra) = [, L) Vo, L) §. ®

In terms of linear polarization we get

) = = { o 0) ko ) — 61,0 2, X2) | ©

The polarization is detected via Compton scattering. The probability that a
photon polarized in the X direction is scattered under the angles 6 and ¢ is

4R = o 1(6)[1 - m(8)] cos (20040 (3)

where f(6;) is the differential cross section for unpolarized photons f(6;)

100 = () [+ 5 -] 2
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and m(91) is the 0;-dependent amplitude that describes the strength of the ¢
dependence and, therefore, the polarization sensitivity,

k| -1

m(6;) = sin’ 6; [Z, 76— — sin 9] . (5)
The parameter Cy is a normalization constant. The maximum polarization
sensitivity is obtained for § = 82° yielding m(82°) = 0.691 while £(82°)/f(0°) =
0.203 for 8 = 82°. So, f(0) is nearly at the minimum, For fixed 0, dP/d) be-
comes maximum if the initial polarization is orthogonal to the scattering plane
(¢ = 90°) and minimum if it is in the scattering plane (¢ = 0°). The analyzing
power of a polarimeter is defined by

P, max ~ P, min
®= Pmax+Pmin (6)
where Ppay is the maximum of dP/d) if € is parallel to the polarimeter axis

and Py, is the minimum of dP/dS2 if € is orthogonal to the polarimeter axis.
For a Compton polarimeter we get

cop — M(8, M) - N(A) ™
i [739 £(6)m(6) sin 09
m Sln
M(6, AG) = Jo_n 600 o J(0)sin0dd ®
e B o (26)dd
S in(2A
N80 = R = T ©
o—Ad

where Af and A¢ are the polar angle and azimuth angle acceptances of the
detector.
For example, for 8 = 82°, Af = 14° and A¢ = 10° the analyzing power is
ecp = 0.648 £ 0.002, which is 94% of the maximum analyzing power e&gx
The detection efficiency of a polarimeter is defined by

number of detected particles
number of particles hitting the polarimeter

mp = (10)
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Figure 1: Left: The function M (6, Af) as a function of § for different values
of Af. Right: The function N(A¢) as a function of A¢.

For an ideal polarimeter 7p = 1. For a Compton polarimeter
Nep =N+ b+ Mo + Op * (0, AQ) (11)

where 75 is the scattering probability in the scatterer, np is the probability to
record a signal in the detector, dg is the detection limit of the scatterer, dp
is the detection limit of the detector and F\(0, AQ) = (1/2) [, f(8)d<2. For
the 6 = 82°, A0 = 14° and A¢ = 10° we get ncp = (1.46 £ 0.02) x 1072,

"The probability that two photons represented by the state |¢)) are scattered
under the polar angles 6; and 6, and azimuth angles ¢; and ¢, is given by

dPyy = 211; F(61)F(62){1 — m(6:)m(62)] cos 2(r — d2)dd}  (12)

The flight directions of the two photons after scattering are correlated with
respect to the azimuth angles with a strength of m(6;)m(6,), which has a max-
imum value of 0.478. The two scattering angles are completely independent.



- 827 -

The product f(6;)f(62) denotes the probability for scattering two arbitrary
polarized photons under the angles 6; and 8,.

3 Experimental Setup

Figure 2 shows the experimental setup. In the center a 54Cu is placed inside
a collimator. The two Compton polarimeters are placed on both sides of the
collimator. Each polarimeter consists of a plastic scintillator as scatterer and
a Nal counter covered with a lead shield as detector. The plastic scintillator
and the Nal crystal are both read out by a photomultiplier. For most measure-
ments the Nal detector is placed at the optimal scattering angle of § = 82°.
We measured four coincidence numbers: N, the coincidence between the two
scatterers, N3, Nas the coincidence between the two scatterers and detector 1,
2 and Ny the coincidence between all four counters. The three- and four-fold
coincidences have azimuth angle dependences.

Figure 3 (top) shows a photograph of the experiment. We chose the grav-
itational axis as symmetry axis. Figure 3 (bottom) shows a close up view of
the Compton polarimeter. The lead shield in front of the detector permits to
define the acceptance in Af and Ad.

4 Polarization Correlation

We define the polarization correlation R(6y,0;) in terms of coincidence num-
bers to reduce systematic uncertainties from the source intensity, alignment
and calibration issues. Thus

R(6:,0,) = Ny(¢1, $2)/ N2 _ Ny(¢1,02) - Ny (13)

" Nai($1)/No - Naa(#2)/Ny ~ Nai(¢1) - Nag(be)

In the laboratory system there is no preferred polarization direction. The
3-fold coincidences N3y (1) and Njz(¢2) are isotropic in ¢; and ¢,. The angular
dependence comes from Ny(¢y, ¢s), yielding

R(6y,0,) = A[l — B cos 2(¢1 — ¢2)] (14)

where A = 1 is the normalization and § is the polarization correlation param-
eter. Deviations from A = 1 may come from systematic effects like non-perfect
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Figure 2: The experimental set up showing the source inside a collimator and
the two Compton polarimeters, each consisting of a scatterer and a detector
with a shield.

alignments. For uncorrelated photons B(¢1, ¢2) = 1. In a quantum mechanical
system, [ is given by

B < m(By) - m(6) < 0.478. (15)

Several effects reduce the polarization correlation R(¢;,#,), such as the
analyzing power of the Compton polarimeter, changes in the two-photon quan-
tum state and backgrounds, which include accidental coincidences, uncorre-
lated coincident photons from a calibration source, secondary scattering in the
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light guide and lead shield and double scattering in the scintillator. Further-
more, systematic effects like misalignment of the scatterers may change the
analyzing power or backgrounds. We determined the polarization correlation
parameter Bep from R(¢q, ¢s) by measuring the ¢, — ¢y dependence in four
data sets M;.

1. Data set Mj: cylindrical shaped scatterers placed at 16 cm from the
source for 82° scattering angles.

2. Data set My: conical shaped scatterers placed at 16 cm from the source
for 82° scattering angles.

3. Data set Ms: conical shaped scatterers placed at 16 cm from the source
for 68° scattering angles.

4. Data set My: conical shaped scatterers placed at 42 cm from the source
for 82° scattering angles.

For all measurements the acceptances were set to Af = 13.5° and A¢ = 9.5°.
For each measurement we recorded the following observables:

¢ Coincidence numbers Ny, N3 (1), Naa(¢2) and Ny(¢1, 2) and the corre-
sponding accidental coincidences Az, As;(¢1), Asa(@2), and Ay(py, o).

e Single rates in the scatterers and detectors, Ng;, Nga, Np; and Nps.

® Response times Tg;, T59, Tp1 and Tpe and the TDC spectra for all three-
fold and four-fold coincidences.

o The measured energies Es;, Fso, Ep1 and Epg for all three-fold and four-
fold coincidences.

For a four-fold coincidence the response times have to be consistent with
expectations within errors and the energies of the scattered photon E., and the
recoil electron E, have to satisfy E, + E, = Eg+ Fp = 511 keV within errors,
where Eg and Ep are the energies measured in a scatterer and corresponding
detector, respectively.

5 Simulation of the Experiment

The goal of the Monte Carlo simulation is to determine the quantum mechan-
ical expectation value for the polarization correlation parameter Baou for the
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four data sets. To obtain precise predictions we have simulated the experiment
in very great detail, including the form and position of the source, the effect
of the collimator, the shape and position of the scatterers, the opening of the
lead slits and the absorption in the Nal detectors. The simulations allowed
us to determine the dependence of fqu on the scattering angle  and the an-
gular acceptances Af and A¢ and to study the effect of multiple scattering
in scatterers on Sqm. We further determined the efficiencies of scatterers and
detectors, energy distributions in the scatterers and detectors and ratios of
coincidence numbers.

Note that due to the event-by-event simulation, Bqm cannot be determined
from dP;, directly because for the generation of Compton scattering we need
to make concrete assumption about the polarization state of the two-photon
system. The pure state |¢) >, represented by the density matrix

pou = [¥) (Y] = %(|$192> (Yo@1| + |y122) (T2y| +|2192) (T2y1| + |yr22) (?J2901|>
(16)
cannot be factorized into the individual polarization states, i.e. d Py cannot be
written as a product of dP; and dP,, We have two possibilities to determine the
quantum mechanical expectation value, either determine the analyzing power
of each Compton polarimeter and then multiply their values or determine the
expectation value for a symmetric mixture.
9) = =5 (loe) + iea)) (17

for which we get
AP = - F(0.0F(@)[1 - Gm(O)m(6)] con2(gs— g).  (19)

This has the same form as dPj, except for the extra factor 1/2. We use both
methods to simulate Squy for the four data sets, yielding either Sqy = €FF - ST
or fqm = 28° for the symmetric mixture.

6 Analysis Requirements

Figure 4 shows the measured energy spectrum F/mec? in the Nal detector.
The signal region is marked by A. Region B results from events that are scat-
tered in the scatterer and scattered again in the lead shield, while region C
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results from double scattered events. Region D is caused by the Sn calibra-
tion source. To reduce backgrounds from accidental coincidences and multiple
scattering we apply different selection criteria and define four event categories.

e Category 0: measured coincidences corrected for accidental coincidences.
o Category T: add time requirements.

* lgo — tg1 < 1.6 ns for Ns.
* tpy — tg1 < 4.6 ns for Ny,
* Tpg — tge < 3.6 ns for Nj,.

o Category S: add energy sums.

* 370 < Eg1 + Ep; < 650 keV.
* 385 < Egy + Eps < 635 keV.

o Category E: add detector energy constraints.

* 200 S ED]_ < 325 keV.
* 195 < Epy < 320 keV.

These selection criteria are applied successively.

7  Quantum Mechanical Expectations

We have simulated the quantum mechanical expectation value Baqm under dif-
ferent assumptions. Figure 5 (left) shows Squ for single-scattered events for
category 0 and category E as a function of the scattering angle for A§ = 14.5°
and A¢ = 10°. The peak value is at & = 82° and is not very different for
the two categories. The solid curve shows the theoretical calculation of the
polarization correlation for an ideal Compton polarimeter by Snyder et al. 6].
Our simulations confirm that the polarization correlation parameter for our
setup is rather close to that of an ideal Compton polarimeter. Figure 5 (right)
shows Bqu for single and multiple scattered events. The quantum mechanical
expectation value Baqu is lowered also for category E even though the energy
selection removes some multiple-scattered events. So, compared to the pre-
diction by Snyder et al. the measured polarization correlation parameter for
category E is reduced by about 10%. Figures 6 (left, right) respectively show




- 833 -

e Energ
Ly Detewor Spectrum
o —T—— In Nal detector

i
1
Y/ i
i
|

v Bleisenlitz
P

paa”)

Events (1nh
S.zkav“l o

1.04

Figure 4: Energy spectrum in the Nal detector.

Baqu for single-scattered and single- plus multiple-scattered events as a func-
tion of Af for a scattering angle of § = 82° for three values of A¢. Note that
multiple scattering and large acceptances Af and A¢ reduce the correlation
parameter Bqum significantly.

8 Systematic Effects

Multiple scattering in the scatterer affects fexp. In our setup the amount
of double-scattered four-fold coincidences is 17.8% for category 0 and 10%
for category E. The effect of accidental coincidences on Bexp is rather small.
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Figure 5: Left: Quantum mechanical expectation value Bqy as a function of
6 for Af = 14.5° and A¢ = 10° for categories 0 and E. The curves show fits
to the data. Right: The corresponding plots for single- and multiple-scattered
events. The solid lines show the theoretical calculation of the polarization
correlation parameter for an ideal Compton polarimeter by Snyder et al.

For category E the fraction of accidental four-fold coincidences is less 0.15%.
Coincidences with a 1.34 MeV photon from ®4Cu source are negligible and
events having secondary scatterings in other parts of the detector are removed
by criteria S. The accuracy in the azimuth angle setting is better than 1°
leading to a systematic error on e, less than 1%. Furthermore, deviations
from rotation symmetry yields a negligible error on Bexp.
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Figure 6: Left: Quantum mechanical expectation value Bqy as a function of
A6 for # = 82° and three values of A¢ = 10° for categories 0 and E. The
curves show fits to the data. Right: The corresponding plot for single- and
multiple-scattered events. The solid lines show the theoretical calculation of
the polarization correlation parameter for an ideal Compton polarimeter by
Snyder et al.

9 Results

Figure 7 shows the measured polarization correlation Riz(¢1, ¢2) as a function
of the azimuth angle ¢ = ¢, — ¢; for data set II for categories 0 (top left), T
(bottom left), S (top right) and E (bottom right). We fit each distributions to
the function A[1+5%E cos 2(¢s — ¢1)] and extract A and S5 for each category.
We apply the same procedure to the other three data sets. Table 1 summa-
rizes our measurements for the four data sets evaluated for each category.
In addition, we list the quantum mechanical expectation value, the ratio of
gbserved—to-expected polarization correlation parameters and the scaled value
B = Bexp/Baum * ﬂgﬁfl where ,Bgf,?l = (0.478 is the polarization correlation pa-
rameter for ideal Compton polarimeters expected for the representation of the
two-photon system by the quantum mechanical state vector |¢). The latter

value will be used for comparison with other experiments. For all data sets



T T 0 T T T ' "
Rl i F R {. E
I Kelegoria 1] 1 4 Katege }
S N t4 L 8 41
| /* 1039 £12cas 2¢

\ .
| 1027-.380¢ces20 | B=397: g2
N

_-.\

408 6~ /

-/ \ o ;
S VR N O S

108 / \
L RO} /1 L R / \ _
Katagorie T { \ e Katege E& * k [}
12 / P\ ~1033-384 cos 2 2 , ’ 1034 - .£30 cos 29
/ \¢ B=.38t¢ 0T L Bz 415 0N
' / \
b e e [ S SUVIISPY SIS SR
171 S * ~~~~~~~~ 10 } +\
f§ \ /
S \ S
08 7 \é 28} .
/ N L "
b 7 | / S
¢4 e o8f é/§ o
06r = ’ 3
i
T 51, ¢ 30 50° 50 26t o’ 180
) 30 80 50° ) 156 80°

Figure 7: :Simulated polarization correlation for data set II. Top left: For
category 0. Top right: For category T. Bottom left: F01 category S. Bottom
right: For category E.

and categories the quantum mechanical correlation parameter is determined
by B™M = ¢; - €3+ Qeorr Where geore = 1.026 + 0.023 is a correction factor. For
data set II Bqu is evaluated also with method 2. The two methods yield the
same results. Note that for category E Bep/Bam is one. So for category E we

use A% = ,8 op/ ﬂQM +0.478, while for all other categories k& we normalize to S,

yielding 3% = xp / /J’QM - 0.478.
Figure 8 shows our results for the four data sets and four categories scaled

to the polarization correlation parameter of an ideal Compton polarimeter. For
mixing of the first kind 8 = 0.239 and for uncorrelated photons it is zero. The
average over the four data sets yields (,80) = 0.45440.009, () = 0.463+0.009,
(BT) = 0.483 + 0.010 and (GF) = 0.479 & 0.011. For categories S and E,
the measurements are in excellent agreement with the quantum mechanical
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Table 1: Measured polarization correlation parameter Bexp, the expected po-
larization correlation parameter Squm, their ratio and the computed value for

an ideal Compton polarimeter f for all four data sets and all categories.

A~

data set | Category | fexp Bam Bexp/ Bam B

I 0 0.374 £ 0.009 0.959 £0.03 | 0.458 +0.014
T 0.382+0.01 | 0.390 £ 0.008 | 0.979 4 0.033 | 0.468 +0.016
S 0.395 £ 0.011 1.013 +0.035 | 0.484 + 0.017
E 0.418 & 0.012 | 0.416 £ 0.009 | 1.005 = 0.036 | 0.480 & 0.017

II 0 0.370 + 0.01 0.941 £0.03 | 0.45040.015
T 0.381 £ 0.011 | 0.393 £ 0.007 | 0.969 & 0.033 | 0.463 £ 0.016
S 0.397 £ 0.012 1.01 £0.035 | 0.483+0.017
E 0.415 +0.014 | 0.413 £ 0.009 | 1.005 4 0.04 | 0.480£0.19

III 0 0.315 £ 0.01 0.940 4- 0.041 | 0.449 £ 0.02
T 0.316 +=0.011 | 0.3354+0.01 | 0.943 £ 0.043 | 0.451 4+ 0.021
S 0.337 £ 0.013 1.006 -+ 0.049 | 0.481 4 0.023
E 0.368 = 0.015 | 0.369 £ 0.011 | 0.997 4 0.052 | 0.477 £ 0.025

v 0 0.373 £ 0.019 0.969 + 0.052 | 0.463 & 0.025
T 0.377 +0.02 | 0.385 £ 0.008 | 0.979 4 0.055 | 0.468 = 0.026
S 0.387 4 0.023 1.005 £ 0.062 | 0.480 + 0.03
E 0.405 + 0.026 | 0.405 £ 0.009 | 1.00 4 0.068 | 0.478 -+ 0.032




- 838 -

1 1 o F
average

050p

-Hh {}H 1 % i

045
1 10

(L

0.30}- -

{T} o

0.35

0.25F Mi ing of the first kind .

4 Measured value

¢ Corrected correlation
parameter

0.20

Figure 8: Measured polarization correlation parameters for the four data sets
and four categories scaled to ideal Compton polarimeters. The last column
shows the average values.

expectation.

The average values (°) and (8T) respectively are 5.041.9% and 3.2+2.0%
below the quantum mechanical expectation value. This systematic deviation
is caused by events that are scattered in other parts of the detector, which are
removed by the selection criteria in category S. Assuming the azimuth angle
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distribution for such events to be similar to that of multiple scattered events
we can use the estimate

(B3) = (14 20m [ 1~ /2] ) (B3, (19)

where i, is the amount of photons that are scattered a second time outside the
‘scatterer (i, = 41%), (Bs) = 0.483 is the quantum mechanical polarization
correlation parameter for single-scattered events and €2 /€2 = 0.37 is the ratio
of analyzing powers for multiple-scattered and single-scattered events. We

get < ;l;,p> = 0.459 & 0.006, which is consistent with the average values (3°)

and (AT). The selection criteria in categories S and E remove most of this
background. Note that for categories S and E the deviation from the quantum
mechanical expectation value are 1.0+2.0% and 0.242.3%, respectively. Thus,
mixing of the first kind [7] is clearly ruled out as well as a value of 0.478/4/2 [3].

10 Comparison with other Experiments

Though the discrepancy between the results of Kasday [4] and Faraci [5] initi-
ated this work, we found two other experiments by Langhoff [9] and Bruno [8].
Table 2 list the parameters of the four experiments. Using the information
provided in the publications we simulated the polarization correlation in the
four experiments. Figure 10 shows the results in comparison to our results.
We have sorted them according to our four selection categories. The Faraci
experiments has not incorporated any timing requirements and energy selec-
tions except for a loose time requirement on four-fold coincidences whereas the
Kasday experiment applied similar selections as we did. The Bruno experi-
ment did not give any time requirements but just imposed requirements on the
energy sums, which varied slightly for the different data sets. The Langhoff
experiment applied time constraints and requirements of the energy detected
in the Nal detectors.

The final measurements of the Langhoff, Bruno and Kasday experiments
and the those adjusted by our simulations agree well with quantum mechanics
for categories S and E. With our simulation the results of the Faraci experi-
ment are consistent with quantum mechanics while their own corrections yield
values consistent with Sqn/ v/2. Note that their corrections did not account
for multiple scattering effects.
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Table 2: Parameters used in other polarization correlation experiments.

Parameter/Experiment | Faraci [5] | Kasday [4] Bruno [§] Langhoff [9]
B source 2Na 64Cu 22Na, 22Na, %4Cu
Absorber plexiglass brass Cu-plexiglass | plexiglass-aluminum
collimator [Q2/4n] . 3.13x 107* | 1.54 x 10™* 3.28 x 10~
Scatterer: cylindrical conical cylindrical cylindrical
Radius [cm] 1.27 | 0.319/0.956 1.0 1.0
Length [cm] 2.55 0.383 3.0 2.0
Opening angle - 9.46° - -
Detector: shield depth - 1.39 1,2 -
Nai crystal @ [cm] 5.1 5.1 7.0 3.82
Length [cm] 5.1 5.1 7.0 2.55
Source-scatterer [cm] 5.5/5.5 15.8/15.8 10.0/10.0 25.0/25.0
Scatterer-detector [cm] 20.0 5.1 10 10
Average scattering angle | 60°, 80° 82° 60°, 82°, 98° 82°
¢ acceptance [FWHM] 5.6° 23.8° 11.7° 8.5°
¢ acceptance [FWHM] 6.0° 9.6° 11.4° 8.4°
Coincidence times ¢y [ns] - 21 - 5
t31, t32 [ns] - 95 - ,
t4 [ns] 30 - - 30
S selection [keV] - 427, 595 434, 588 -

- - 427, 595 -

5 ; 413, 609 :
E selection [keV] - 256, 307 - 205, 320

307, 358
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Figure 9: Measured polarization correlation parameters scaled to ideal Comp-
ton polarimeters of four experiments, Faraci (magenta points) [5], Kasday
(blue points) [4], Bruno (brown point) [8] and Langhoff (green points) [9] in
comparison to our results (red points). Open points show the measured values
without correction, stairs show the results after corrections by the authors and
solid points depict the results with our corrections.

11 Test of Bell’s Inequality

Bell’s inequality states that
F(a,b,d,V) = |P(a,b) F P(a,¥)| + |P(a,0) T P(d, b)) <2 (20)
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Figure 10: Graphical presentation of the violation of Bell’s inequality in the
n — € plane. In addition, the detection efficiencies and squares of analyzing
power are shown for the five experiments.

where P(a,b) = (A(a) - B(b)). For a real experiment the quantum mechanical
correlation is . '

Pom(¢1,¢2) =1 — %ﬂgpzn@ — 1 — € cos 2(gs — ¢1)]} (21)

where p;, = Ny /NO%, € is the analyzing power of a Compton polarimeter and
n is the detection efficiency. Using the values 2¢; = 7 /4, 2¢} = 37 /4, 243 = 0
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and 2¢4, = —m/2 yields the inequality

AQ
Fou—2= 25‘7;27277{77{1 +eV2] -2} <2 (22)

So, we find violation if 91 + €2v/2] > 2. However, for present experiments
N[l +€v/2] < 1.68n < 2. Thus, there is no violation of Bell’s inequality since
both the analyzing power and efficiency of present experiments are too small.

12 Conclusions

We measured the polarization correlation of the two-photon system from positron-
electron annihilation. We varied the shape of the scatterer, scattering angle
and distance source-scatterer. We simulated the quantum mechanical expec-
tation value with a very sophisticated Monte Carlo program. All results are
in good agreement with the quantum mechanical expectation value. Further-
more, we simulated the QM expectation value of four other experiment. The
measurements either agree rather well or are consistent with the QM expec-
tation value. The discrepancy of the Faraci with the QM expectation value

is due to the neglect of multiple scattering, which reduces the polarization
correlation parameter and needs to be corrected for.
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