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Abstract: The mass spectrum of elementary particles is
calculated in a new approach, based on B. Heim’s quantum
field theory, which manifests in a non-linear eigenvalue
equation and merges into the Einstein field equation in the
macroscopic limit. The poly-metric of the theory allows
spacetime and matter to be described in a unified formal-
ism, representing a radical geometrisation of physics. The
calculated mass energies are in very good agreement with
the empirical data (error <1% on average) if the mass scale
is gauged to the electron as lowest mass and the second
main parameter, determining the strength of obtained
mass hierarchy levels, is close to the half inverse of the fine
structure constant, describing the difference in strength
between the electromagnetic and the strong interaction.
The obtained hierarchy levels are not identical to the
particle generations of the Standard Model; however, show
a self-similarity typical for non-linear theories. For higher
values of the main quantum number N, the calculated
mass formula becomes identical to the phenomenological
formulae of Nambu, respectively, Mac Gregor.

Keywords: general relativity; geometrisation; mass spec-
trum of elementary particles; non-linear field theory.

1 Introduction and phenomenology

The Standard Model (SM) of elementary particles, con-
sisting of the U(1)/SU(2) spontaneously symmetry-broken
unified electro-weak interaction and the SU(3) Quantum
Chromodynamics (QCD), is currently our most successful
fundamental theory, explaining a wide range of phenom-
ena of particles and in high-energy physics [1]. However, it
leaves important questions open which it cannot explain:
Why are there three generations of elementary particles
(leptons, quarks)? What about the masses of these parti-
cles? The SM cannot derive them. The Higgs mechanism
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provides a model of breaking the electro-weak symmetry
and attaching mass to particles, but it leaves the number
of free parameters the same, as there is a Yukawa coupling
constant for each mass to be determined.! Why does the
mass spectrum consist of a light sector with the neutrinos
and the electron, of amiddle sector with the y- and r-lepton
and the hadrons (mesons and baryons) and finally of the
top quark and the heavy bosons? Where does mass come
from at all??

As stated, the Higgs mechanism alone does not give
a satisfactory answer. To quote Richard Feynman (as
in [2]): “Throughout this entire story there remains one
especially unsatisfactory feature: the observed masses
of the particles, m. There is no theory that adequately
explains these numbers. We use the numbers in all our
theories, but we do not understand them - what they
are, or where they come from. I believe that from a
fundamental point of view, this is a very interesting and
serious problem.” [4], p. 152. The well-known fundamental
theory candidates as GUTs, Supersymmetry, Superstring
and M-theory are not (yet) able to give answers on the issues
of the generations and masses and possibly will never do
it ([2, 5]). Finally, the SM is a theory on a fixed Lorentz
invariant 4-dimensional spacetime, leaving gravitation
and general covariance completely out.

In recent years considerations have been made ([2,
6-9]) to find paths to alternative approaches which would
go beyond the SM and provide new insight in the raised
questions. On the other hand, there are empirical or
phenomenological observations about the mass spectrum
which have not played a big role on the main path of
research in the past, but which are too significant to be
ignored and which could give a hint into the direction of a
valuable approach ([7, 10-27] incl. references):

1 We quote Hansson [2]: “The Higgs mechanism simply replaces one
ad hoc mass parameter (m;) with another equally ad hoc Yukawa
coupling constant (4;) to the Higgs field, and because of this we are
free to make other hypotheses as to what physically generates mass.
A Higgs-like symmetry breaking mechanism is the favourite way to
break also other (hypothetical) symmetries, such as supersymmetry.
To us that seem to be the wrong way to proceed, as such a symmetry-
breaking mechanism always introduces new free (ad hoc) parameters,
and a more fundamental theory should contain fewer free parameters,
not more.”

2 See [3] for an in-depth discussion on the concepts of mass.


https://doi.org/10.1515/zna-2022-0018
mailto:thomas.warmann@mail.de

724 —— T.Warmann: Non-linear field theory

As summarised by Varlamov in [7], already in 1952
Nambu [10] gave attention to the existence of empirical
“Balmer-like” relations in the mass spectrum of elementary

particles:

my = g137me ~ N -35MeV 6))

with N being a positive integer number and m, the rest
mass of the electron. Further, in 1979, Barut [11] proposed
a mass formula for the leptons:

N
my =m, (1 + %a_l n“) )
n=0

where a & 1/137 is the fine structure constant. According
to (2), the masses of the electron, muon and z-lepton are
defined at N = 0, 1 and 2, respectively. Later on, empirical
relations of the form (1) were studied by many authors (see
[12-27] and further citations in [7]). The Nambu formula
(1) can be written also via the fine structure constant:
m= %me.

This formula leads to a so-called alpha-quantisation
of the elementary particle masses, see [17, 27]. Greulich
[27] emphasised that the fact that such a very simple
equation, solely based on a, predicts particle masses with
high accuracy (approx. 1% for masses of 11 fundamental
elementary particles he considered, those with a lifetime
> 10~%s), indicates that this formula has a real physical
background.

It should be complemented that Mac Gregor observed
an alpha-dependent mass relation also between the light
quarks and the gauge bosons and the top quark [18]:
He summarises that the building blocks in the three
a-quantized particle production channels are

boson (J = 0): m,/a = my, = 70.025 MeV
fermion (J = 1/2): 3m, /2a = m; = 105.038 MeV 3)
gaugeboson (J = 1/2):m, 4/« = mgy, = 43.17 GeV,

and that the idea of a linkage between the low-energy
mass spectrum and the very-high-energy gauge bosons
and the top quark is also suggested by the unexpected
experimental discovery of a mass relationship between
the gauge bosons and top quark, my. + mz = m, (1.1%
accuracy).

Two further models shall be mentioned which also
provided compact mass formulae: In 2003, Sidharth
[28, 29] proposed the following half-empirical formula
which he derived from a QCD-based potential approach,
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leading to a harmonic oscillator-like result with the (posi-
tive integer) quantum numbers m and n:

mP=m<n+%> m, (4)

The Sidharth formula (4) describes the mass spectrum
of mesons and baryons (known up to 2003) with an
accuracy of 3% [29]. Varlamov derived a mass spectrum of
localized states (elementary particles) of a single quantum
system where these states are understood as cyclic rep-
resentations of a fundamental Lorentz group symmetry.
He obtained masses of the leptonic (except neutrinos)
and hadronic sectors proportional to the rest mass of the
electron

m§)=<l+%)<l’+%> m, (5)
with an average accuracy of 0.41% [7]. The I, are integer
or half-integer numbers, the spin of each state is given by
s=[1-T1].

So, these observations and models cover the leptonic,
hadronic and gauge boson sector. For the hadronic sector,
where the quark picture and QCD are the accepted theories
within the SM, we quote from [7] “it is well known that
a quark model, based on the flavour SU(3) group, does
not explain the mass spectrum of elementary particles

. In nature we see a wide variety of baryon octets
(see, for example, Particle Data Group: pdg.lbl.gov) where
mass distances between these octets are not explained by
the given SU(3)- and SU(6)-mass formulae. As a rule, all
the predicted masses in SU(3)- and SU(6)-theories have a
low accuracy (on an average 4-6%)”. As summarised in
[27], better accuracies are only achieved when a theory
is restricted to subsets of the elementary particles, for
example the octet of mesons (the two pions and the four
kaons) or the decuplet of baryons (A, X, B, Q). Very good
mass predictions have been obtained for the proton and
its excited states. As the best, the AdS/QCD model using
di-quarks has an accuracy of 2.5% [30]. See [1] for the
current status of quark model calculations and references,
i.e. [31-34], and also [35] for an overview of the theories
(in German language).

Being much more calculations from first principles
of QCD, lattice calculations, with uncertainties due to the
finite lattice of meanwhile less than 1%, meet the empirical
masses of 4% or better ([36, 37]). But they typically depend
on 3-4 parameters which fix the light quark masses (u, d
and s) and the scaling (e.g. in 2 + 1 flavour calculations by
fitting the x, the K mass and one of the heavier baryons Q
or E [36]). In a 2013 calculation by Dudek et al. [38] on the
excited isoscalar meson spectrum the quark mass is still
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heavier than its physical value and the pion mass too high
(392 MeV).

2 Hansson’s perturbative model
combined with the
phenomenology

Hansson [2] proposes that the mass of a particle has a
strictly local origin, arising from its self-interaction(s):
“That is, the mass is equivalent to the energy contained in
the associated gauge fields (in perturbative quantum field
theory; the energy of the “cloud” of virtual gauge parti-
cles). Such a connection between fundamental dynamical
interactions and mass seems only reasonable as only mass
is needed to go from kinematics to dynamics [3]. As most
of the (at least) 18 arbitrary parameters of the “standard
model” arise because of the mass problem, a connection
between the masses and the ordinary, non-Yukawa, i.e.
non-Higgs interaction couplings would also significantly
reduce the number of free ad hoc parameters”, he argues.>
With further arguments given in [2], taking into account
that perturbatively formally infinite quantities like mass
are in nature not singular and that it obviously can be
concluded that the stronger the self-interaction, the more
massive the particle will be, Hansson suggests the ansatz

m = B; (Q®a + T @y + C2tg) 1= +m, + mg  (6)

for the mass of a particle (to order O(«)). a is the fine
structure constant and a,,,, and a, are the (low-energy)
couplings of the weak and strong interactions. Q gives
the particle’s electrical charge in units of e, and T and
C are analogous quantities (of order one) coming from the
gauge-groups for weak charge and colour charge. B, is a
normalising constant, which in a truly non-perturbative
treatment of the standard model should be calculable. The
Index i refers to the 3 different generations of particles.
Hansson emphasises that a physical mechanism for con-
necting the different B; would be highly desirable and that,
still, the number of arbitrary parameters has decreased
compared to the Higgs-mechanism due to the relation
between coupling strengths and masses, which in the
standard model are completely independent quantities.

3 And Varlamov reminds: 13 of these constants are directly related
to the fermion masses, namely, 3 lepton masses, 6 quark masses
and 4 mixing angles. All these mass parameters have to be adjusted
according to experimental measurements and cannot be predicted
within the theory (SM) [7].
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Formula (6) gives calculated relations between particle
masses m, /m, ~ 1077, m, /m, ~ 10, or in absolute mass
units m, ~ 0.1 eV, my ~ 10 MeV, compatible with experi-
ments, respectively, current quark masses [2].

If we now combine this ansatz with the phenomenol-
ogy described in the previous section, we can derive the
following relations for the hadrons and leptons, leaving
out the neutrinos in this consideration,

mg _aC _N

m
i(=—, =>m,=N—"* 7
me, «Q « s a @

for each generation, when taking into account that a; ~ 1
and N being an integer or rational number. For m,,, = m,
we get m,/a ~ 70 MeV, as appearing in formulae (1)-(3)
above.

Between the 3 electromagnetic leptons we find the

empirical relations m, =~ 105MeV ~ %70 MeV = %%,
. . s m, _ By(u) _ 31 - —
applied to (6) this gives m—: = m =22 and with B, (e) =
% from (6) it follows
3m

B ===, 8
Z(IM) 2 az ( )

and fromm, ~ % 17 % (empirically)

3._m

B = =17 —&.

@) =217 ©

Combining Egs. (6)-(9) and inserting the charges
(respectively integrating the colour charges in the Nj)
we derive the following phenomenological mass formula
(without neutrinos) per generation i:

~m,( Ny | N,
m= (st )

with NU=2,n11=1,N21=3,n21=2,N31=3'17,n31=2
for the leptons (e, u, 7), Ny, =1,ny =1,n5, =2 for the
strong interacting particles, and for a single mass term

(10)

m. = ﬁNi(l/a)"i,

== n;=0,1,2

11)

The N, are still to be determined, depending on the
respective hadron particles (=0 for all leptons). The n,
and n, are set according to the empirical situation, where
n,s = 1 does not follow the power of 1/a expected from
the analogue of B,(u), but n;, does (see B;(7)). ny, =2
is obviously relevant at least for the top quark level and
seems to fit also for the level of the massive gauge bosons,
compare [18] and see Tables 2 and 3 in Appendix N. The
reason for this is an open question in our current picture,
as the gauge bosons do not underlie the strong interaction

(arg).
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Nonetheless, with (10) we have achieved a result which
already reduces the number of parameters, meets the
empirical data within an appropriate range (see calcula-
tion E, in Tables 1 and 2) and includes the insight that the
relation of @ to the other coupling constants ., and o,
seems to transform into the relations of the particle masses.

However, the goal should be to find a candidate
for a fundamental theory which can deliver a respective
formula derived and calculated from its first principles.
Again referring to Hansson’s thoughts [2], this theory
should be non-linear, as in the SM even in the abelian
QED the evolution equations constitute a non-linearly
coupled system (see Egs. (10)-(13) in [2]), although in
quantum field theory the used dominating and inherently
perturbative Feynman diagram techniques mask the non-
linearities and produce a behaviour that closely mimics the
linear case.

We shall later see (in Section 4) that apparently only a
non-linear theory can “create” a hierarchic mass spectrum,
so we follow Hansson’s assessment that this will be an
essential feature of a “true” theory.* One typical feature of
non-linear equations is the multiplicity of solutions, which
may let us hope that different generations of particles come
out automatically ([2]).

Beside this, the theory of course needs to possess the
features required from a theory capable in describing the
known phenomena in the domain of the SM, especially
regarding quantum theory, the electromagnetic interaction
and relativity (it should lead to Dirac’s and Maxwell’s
equations in the respective limits). It would undoubtedly
be considered as an extraordinary advancement if such a
theory even would be fully covariant to general relativity
and lead to the Einstein equations in the macroscopic limit.

Although largely unknown in the scientific commu-
nity, there is a theory which could be considered and
analysed as a candidate for such a fundamental theory.

3 Heim’s field theory

It was developed over decades by the German physicist
Burkhard Heim (1925-2001),° but unfortunately published
only once in a scientific journal in form of a compact
overview article in 1977 [42], giving an outline, but no
details of the theory and its results. Later, in the 80s, Heim

4 Note that also Heisenberg’s famous (although not successful)
spinor-“world”-equation was non-linear [39].

5 Heim first studied chemistry and then physics in Gottingen and got
his diploma in physics from C. F. v. Weizsdcker in 1954. For details of
his life see [40, 41].
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published these details in two books ([43, 44]), written
in German language, in a publishing house non-standard
for physics. This led to the unfortunate situation that his
theory in the elaborated form never was peer-reviewed
and not noticed by the scientific community. During the
last two decades the theory was taken up by W. Dréscher®
and J. Hauser, but redrafted to a so-called ‘Extended Heim
Theory’ (EHT, [45-49]), which only has the poly-metric
approach (see Subsection 3.5) in common with the original
theory. They focus on the research for novel gravity-like
interactions and exotic particles, which could be the basis
for revolutionary new propulsion concepts, respectively,
explain the puzzles of dark matter and dark energy. In
our understanding, the EHT tries to define a mapping of
its poly-metric structure to the known interactions and to
find the form of two further gravity-like interactions. As
far as we can see, it does not provide a new approach to
calculate a mass spectrum of elementary particles, and its
authors (meanwhile) evaluate Heim’s mass formula [44] as
incorrect [49].

Nonetheless, the author thinks that Heim’s original
theory is still worthwhile to be considered, as it can meet
some first principle requirements for a suitable fundamen-
tal theory mentioned above (see also Appendix J) and
since it provides a mathematical model with a non-linear
field equation which attempts to describe the physics of
spacetime and matter in a unified geometric approach
(“Einstein’s dream™). With its explicit non-linearity it fulfils
the pre-requisite for a “true” theory, as argued in the
previous section.

However, a huge amount of work remains to be done
to analyse whether and how the achievements of quantum
field theory and the SM could be derived from the theory,
i.e. how a linkage between the theories could look like.
This paper, beside reporting the achieved concrete results
(in Section 4), also pursues the objective to draw attention
to Heim’s work and to encourage a scientific analysis and
debate on his theory, by giving a hint with the subse-
quent results that relevant insight could be gained out
of it.

Therefore, we give a sufficiently detailed outline of
Heim’s theory to our best ability in this Section 3, thereby
transferring some details and longer calculations into
several appendices. We explicitly mention where we add
our own amendments or adaptations. We hope that the
theory, i.e. its parts presented here being relevant for our

6 A collaborator of Heim since the 80s. More precisely, an enhanced
version of the theory with 8 dimensions, put forward by Drdscher,
was taken up, see Appendix C.
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content, the mass spectrum of elementary particles, so
becomes understandable and reviewable. Other parts of
Heim’s theory which lie more in the area of gravitation
and cosmology and result, amongst others, in an adjusted
Newtonian law (compare the MOND theory [50]), in a
derived global length scale and a minimum particle mass,
can only be sketched in a nutshell in Appendix M, in order
to specify the minimum mass. An English written summary
of Heim’s overall theory, nearly without mathematics
however, can be found in [51].

3.1 Foundations

Since Albert Einstein, with the theory of General Relativity
(GR), found a theory which explains the phenomena of
gravitation by a geometrical solution, there have been
attempts to explain all physics, i.e. the elementary founda-
tions of physics, by a generalised geometrical approach.
Einstein himself tried to find a theory which not only
describes gravitation, but also electromagnetism in a
unified geometrical way, but did not succeed. String theory
is another geometric approach, up to now without a break-
through to concrete results comparable to experimental
data. As we shall see in the following, Heim’s theory is
based on a geometrised field in a 6-dimensional spacetime,
which is quantised on a microscopic scale and converges
to GR and the Einstein field equation on the macroscopic
large scale.

B. Heim was led by the following thoughts as founda-
tions of his theory [43]. There are empirically well-based
principles for a mathematical description of the physical
world:

a. Validity of general conservation laws as for energy,
momentum or electric charge.

b. There are extremum principles (as e.g. for entropy
with the second law of thermodynamics) which can
be formulated by variation theorems.

c. Physical action is always experienced as whole-
number multiples of h, Planck’s constant, the min-
imal action. The atomic structure of matter and
non-existence of an energetic continuum are conse-
quences of the quantum principle.

d. We experience the interaction fields of electromag-
netism (EM), of gravitation and of the strong and
weak interactions of short range, where the (classi-
cal) electromagnetic field is described by Maxwell’s
equations in a gauge invariant way (d1), gravi-
tation by GR, which in normal cosmic distances
leads to Newton’s law, not gauge-invariant (d2). The
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short-range interactions act in nuclear scale. Our laws
for these interactions describe nature within the range
of accuracy of measurement, but do not have to be
finally exact.

The experiments of high-energy physics have brought a
broad spectrum of particles which can be classified by a
set of quantities (quantum numbers) like charge, baryon
number, spin, isospin, strangeness etc. Our theories, first
of all the SM, make determinations about the question
which particles are elementary, i.e. not further dividable,
but at least in the case of the strong interacting hadrons it
is still difficult to judge whether mesons and baryons are
elementary (not dividable) or the quarks (and gluons).

Butall particles have the property of mass asa measure
for inertia and, with the principle of equivalence between
inert and heavy mass, of gravity, and with Einstein’s
equivalence of mass and energy E = mc?, of energy as well.
These principles are the logical starting point for Heim
for a unified description of matter. Heim distinguishes
between ponderable particles which have rest mass and
imponderable particles without rest mass like the photon.
Heim’s goal was to describe all particles in a unified
manner, i.e. in a unified theory and to calculate the masses
of the particles.

Duetothe equivalence principles, each particle with or
without rest mass, through its energy, must be considered
as a source of gravitation. Therefore, gravitation is the
general background phenomenon which belongs to all
particles as basis of matter, and Heim starts by analysing
the role of gravity in a purely phenomenological way. He
recognises that each piece of matter creates, beside its rest
mass as source of a gravitational field, an energy-mass of
this field ( 4 = Egqq/c?) which is a source of gravitation,
too (although very much smaller than the rest mass). Heim
found equations for the relation between rest mass density
o, field mass u, the gravitational ﬁgld (é = grad ¢) and

an introduced “meso field” Ji = aG + o0, with T being
the velocity of the moving mass, which have similarities
with Maxwell’s equations (see [43]). The source of the

gravitational field and the generated field build a unity.

3.2 Non-Hermitian spacetime structure

Putting together these phenomenological fields of gravity
and the Maxwell theory, the resulting unified field tensor
and, consequently, the respective energy momentum ten-
sor turn out to be non-hermitian Ty # T;.. In a geometric
description, considering the 4 interactions, to be separated
into gauge invariant and non-gauge invariant interactions
with at least the gravitation being of the second type,
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one can derive that a general (geo)metric tensor g; (as
coefficients of a homogeneous quadratic differential form)
in the R, is asymmetrical as well, see Appendix A for
details. The symmetric part of g, gl.(,?, resulting from the
non-gauge invariant interaction (—Gravity), alone makes
up the resulting Riemannian geometry g = (g,::)* as
g, = (glg)*, so g dx;dx, = 0.

However, there can be parallel shifts irrespective of
the metric, and the corresponding Christoffel symbols
remain non-hermitian and split into a hermitian and
non-hermitian part F};m #* Fim*k.

So, a covariant differentiation becomes possible and a
curvature tensor R;'(mp can be defined, being non-hermitian

as well. This is valid for its Ricci Tensor R, . = Ry, # R>

too.” Further theorems and identities can be derived for
8i # 8;; Whichare not analogous to Riemannian geometry,
while the geodesic equation

¥ +To id5m=0 12)
is formally the same as in the hermitian case. With x, ~ ¢
in the R, the x are accelerations which are always caused
by interactions, so that the gy # g;; should be identified
as non-hermitian interaction potentials in tensor form. If
we now approximately set the other contributions of g,
gl@ = l(]f) = 0 (see Appendix A), so gy = gi(;) = g](i.)*, we
get the Riemannian geometry. If we further reduce the
phenomenological energy momentum tensor T;, to the one
of an electromagnetic field and classical point particles,
i.e. neglect the gravity field part so that Ty = Vy =V,
becomes hermitian, then the divergence of V; is O due to
the known conservation laws of EM and classical physics.
In GR the gl.(,? of the Riemannian geometry, due to the
geodesic equation, are interpreted as tensor potentials of
the gravitational field. The only possible divergence-free
structure tensor, depending on glg? and its first and second

partial derivatives, is RS() - % ggl?R(l), which is set ~ V:
R -

g RY ~ Ty (13)

1
2

This fundamental relation, the Einstein equation, is
so interpreted in GR that the phenomenological tensor
Vi, being proportional to the divergence-free structure
tensor, as source of gravity generates this structure field
of Riemannian geometry, which on its part is interpreted
as the gravitational field. Heim’s postulate is that, due
to the validity of GR in the macroscopic realm, each
further theoretical approach must converge to the Einstein

7 Using the notation of Heim for the Rj(mp which differs from the
notation, e.g. in [52] by an exchange of the last two indices.
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equation in a respective approximation. Following the

scheme of (13), Heim now relates the whole non-hermitian

structure tensor to the whole phenomenological tensor T :
1

Ry — igikR ~ Ty (14)

In absence of the non-symmetric parts in g; and
T; this equation turns into the GR equation (13). But in
general, both sides of (14) are not necessarily divergence-
free, so that the conservation laws might be violated, which
shall be tolerated as a start.® Therefore, according to Heim,
relation (14) should be interpreted this way:

It expresses the validity of equation (13) and the overall
equivalence between two sides which both incorporate the
whole physics, the non-hermitian structure part on the left
side and the also non-hermitian phenomenological part
described by T, on the right side, which already contains
the phenomenological gravity with its field and source (see
above). The non-hermitian tensor gy, is to be considered as
the tensorial potential of interactions in the R,, which can
be seen from the geodesic equation.

As pointed out by Heim in his first book [43], Einstein
himself undertook an attempt to bring the hermitian
metric tensor of his theory of GR into a more general
non-hermitian form by adding a speculative anti-hermitian
term with the purpose to eliminate the phenomenological
tensor from GR, see Einstein’s book “The meaning of
Relativity” from 1954 (fifth edition with further appendix,
[53]). But the so created non-hermitian structure relations
of a Weyl-like spacetime geometry seem to have a too
limited manifold of solutions as it could be a universal
law of nature [43]. Furthermore, this approach, as GR,
excludes the whole empirical realm of quantum physics
(seec.).

3.3 Quantised nature and world dimensions

Also the theoretical ansatz (14) does not yet account for the
quantum nature. It can be introduced in a phenomenolog-
ical manner by the following thoughts:

Equation (14) can be brought into the form Ry ~
Ty — % 8T = Wy with T being the trace of T; and Wy,
the components of a different form of energy momen-
tum tensor. These energies relate to the R; and are the
time derivatives of actions wy. For the W; then Wy ~
c%w holds with dQ = wdx,dx,dx;dx,, x, = ct (or ict in
Minkowskian metric) and w = \/Ttgik, the functional

8 It will be seen later that violating parts cancel out, see Sections 3.4
and 3.5.
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determinant. According to nature (principle c.) generally
wy = hNy holds, where the N; in general are complex
numbers with integer real and imaginary part. Due to this
integrity, the typical discontinuity appears in microscopic
quantum levels. This means that the differentials in Wy,
have to be exchanged by differences. With the density #;;
defined by 7, AQ = AN, the W;, read W ~ chwny, or

Ry ~ wny. (15)
N expresses the number of quanta of action per spacetime
volume. Relation (15) shows that due to principle c. the
structure Ry, with F};m and g; does no longer appear as
metric continuum in the microscopic realm, but in discrete
quantised steps. On the other hand, the difference AQ
in the discontinuous density #;, indicates that spacetime
itself may be discontinuous, probably by the existence of
a smallest geometric unit.

From the discretisation of the structure field (this field
being a radical geometrisation of the phenomenology)
follows that the spacetime R, must be considered as a
medium with a Hilbert functional space, i.e. a convergent
state function (field) d);'(m of the metric state of spacetime
must exist and a hermitian state operator C,, actingon ¢,
in such a manner that an equivalent to the metric structure
term arises:

CP¢;.<m - CPF;(m = R;;mp (16)
with I} being the Christoffel symbol and R;,,, the curva-
ture tensor in the macroscopic realm.

On the other hand, because of the convergence of the
state function and its hermiticity, this operator must define
a spectrum of eigenvalues 4,

Condim = A (k. )LD

km

17)

which® are proportional to energy densities, as the con-
tracted macroscopic curvature tensor (i = p) is propor-
tional to energy densities as well. These eigenvalues form
a discrete point spectrum and give possible states of a
microscopic field source (a more detailed step-by-step
derivation of equation (17), according to [43], is given in
Appendix B). In this system of tensorial operator equations
the 3 indexes run independently over the 4 spacetime
dimensions, i.e. there are 64 discrete eigenvalue spectra

of metric structure. As this system of eigenvalue equations

2
is non-linear (due to Cp), the ’(bl(cfr)l) cannot be interpreted

as probabilities, since the solutions of the state functions of
the metric structure do not additively superpose. So, the C,

9 The brakets mean no summation over this index.
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describe non-linear metric states of a non-hermitian space-
time which occur in metric levels 4,(k,m). On the other
hand, these ﬂp(k, m) are equivalent to the energy masses
of those physical elementary structures which, according
to Heim, appear as spacetime deformations in the sense of
empirical elementary particles (see Subsection 3.4.5 and
Section 4). Due to the non-linearity of the spacetime states
the theoretical masses will not have quantum theory-like
uncertainties, but will have discrete values in accordance
with the results of empirical high-energy physics.!°

In the macroscopic realm the discrete density #; of
(15) becomes a steady function wny — Ty — % gy T and,
with contraction of p and 4, depending on k and m, 4, =
ﬂp(k, m), (17) turns into

Cpdp, = R and 4,07 — k (Tkm - %gka) ,
(18)
i.e. the Einstein equation is obtained again. Because of
the correspondence (16) the algebraic properties of the
curvature tensor are transferred to C pd);'(m, so from

—T

i
R, =TI Yo

i S i 1S
kmp kp,m + 1—‘msl—‘kp - l—‘psl—‘km

. . . . _ (19)
= Cp(l);(m = d);(p,m - ;cm,p + ¢lms ip - (l)ius im
follows, with ),m:=9,, = Q/dxm. For m = p, C(m)qb;'((m) =
0 holds and therefore 4(,¢ ., = 0and thus!t-12

Ak, m) = A, (m, k) = 0. (20)

So, beside the 16 spectra, given by 4,,(k, m), further
16 spectra A, (m,k) are generally empty, but the four
spectra m =k, A,,(m,m) =0 appear twice. This reduces
the number of empty spectra from 32 to 28. These 28 in
principle empty spectra must trace back to the nature of

10 The author considers it as an interesting open question whether
or how an analogy could be drawn between the appearance of
non-linearity given here for quantities which describe spacetime and
matter in a geometric approach, and the non-linearity in Quantum
Field Theory (QFT), given already in the QED (see e.g. [2]) or in the
Dyson Schwinger equations. Both produce difficulties in applying
the standard rules of quantum mechanics. A linearisation always
seems to be necessary to achieve probability statements, but produces
infinities in the case of QFT (when the perturbation series are
considered as linearisation).

11 The q,’)i{m vanish only in the Euclidean case or for geodesic
coordinates, but are in general # 0, describing the deviation from
the Euclidean metric. The 64 possible eigenvalue spectra /lp (k, m) are
discrete spectra of structure levels (equivalent to energetic states) and
so still unknown functions of integer quantum numbers. It is possible
that despite q,’)ﬁ(m # 0 some of these spectra in principle remain empty,
sothat Ay, (k, m)qb;((m) = Oin general s fulfilled through 4,,(k, m) = 0.
12 The 4, (k, m) are symmetric and real due to the hermiticity in (17).
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the non-hermitian spacetime structure itself. As the 4,

determine the discontinuous structure field of spacetime

with the property (20), the 64 relations of equation (17)

must be substituted with the 28 of (20), so 64 —(2? =
b

36 discontinuous energy momentum densities A, ¢," ~

ef{fg # 0 remain. These densities must be invariant against
the allowed coordinate tranformations, i.e. they must be
components of a canonical energy momentum density
tensor, i.e. a second degree tensor whose zero divergence
expresses principle a. The 36 components can be placed
in a 6-dimensional quadratic matrix scheme. Such a
6-dimensional density tensor can only be constituted in
a space whose dimension is identical with the row number
of the tensor. Because rows and columns of a tensor are
always vectors.

With this line of thought Heim (in [43]) deduces that
the R, should be extended by two hidden dimensions
x; and x¢ to a R¢ in such a way, that the R, spacetime
becomes a subspace of this R,. Heim analyses the general
condition for describing components of quadratic tensors
of a lower dimensional space in a higher dimensional
one, each with whole-number dimensions, and derives a
respective formula, see Appendix C.

Now, the eg;; with indices a, f of the R, have to be

related to the tensor Ty inthe Ry, i,k = 1t06, 61(:;7) = Ty This
assignment cannot be arbitrary, because the spacetime
sector T,; must match the phenomenological term (right
side) of (14), while T, arises from this spacetime section
by a double bordering with T;; and T, respectively, Ts;
and Tg;. If j denotes the indices 1 to 3 of the R; of physical
space, then the space-like components of this bordering T
and T with their transpositions would mean that x; and x,
structures would directly influence those of the R; if Tj; # O
and (or) T} # 0. In this case typical physical phenomena
would have to be empirically observable which, however,
never have been detected by experimental physics. For this
empirical reason the 12 space-like components are to be set
T;s = T;s=0and Ts5; = Te; = 0.7

13 In [43], Heim gives a derivation for this determination which had
been found by his collaborator W. Droscher: Due to the transition
C p¢§(m - Rimp into the macroscopic realm, independently from the
symmetry properties of the g, but only from the algebraic structure of
(17) the symmetry Cpqﬁﬁnp = —C,,,d);p or /lp(m,‘p)qbfnp + An(p, p)qﬁ;p =
0 follows. Herein the symmetry of the Cpqﬁ‘mp directly results from
that of the R;(mp, fo; which R;pm + R;mp = 0 holds (using the notation
of Heim for the R;{mp, which differs from the notation, e.g. in [52]
by an exchange of the last two indices), and from the symmetry of
the d)ﬁnp in the lower indices. As ¢\ # 0 always holds if a metric
structure is presumed and also qu(m < o0, but always 4,,(m,p) =
An(p,m) = 0 applies (20), the identities 4,,(p,p) = 0, respectively,
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Thus, the tensor scheme of the R, can be determined
as follows:

Iy T, Ty T,y O O
I, 0 O
Ty Ty, 0 O
Ty
0 0 0 Ts Ts5 Ts
0 0 0 Te Tg Tes

1)

Heim constructs the R, (as medium space for the
Hilbert space) with a signature I(+ + + — ——).1 Differ-
ent than in Kaluza Klein theories and in String theory
the additional coordinates are not compactified, but get
physical meaning. They cannot be two additional times,
neither can they act on the movement of point particles
in three-dimensional space, because in spaces with more
than three dimensions, e.g. calculations of planet orbits
lead to spiral orbits which are not observed. (The third
possibility of mixed signs in the signature of the additional
coordinates is excluded as this would lead to a different
signin the functional determinant w = /=g whichshould
remain unchanged compared to the R, as the space is only
extended.)

Therefore, Heim identifies these additional coordi-
nates as parameters with organisational and informational
effects which only act on structures, but not on points
and their paths. They are considered as true world dimen-
sions.!

It becomes apparent that the tensor components of
the ‘trans’-sector, T'ss, Tsq, Tgs and T, can influence the
spacetime sector only via the time sequences T; and
T, with 1 <i<6 and so only indirectly the R;. As the
coordinates x; and x, cannot (directly) be measured

Ap(m,m) = 0 follow from the symmetry relation above. 4 of these
16 relations were already taken into account in (20) with p = m. So,
12 further vanishing eigenvalue spectra remain, A,(m,m) = 0,p # m,
which means (because of e‘(fl’; = T, that the tensor Ty, of the R, indeed
contains 12 components which vanish. These zeroes can neither lie
in the spacetime sector nor in the temporal bordering so that the
empirical requirement T;; = T;, = 0and Ts; = T¢; = Ois fulfilled and
explained.

14 TheanalogueintheR,, I(+ + +-), is defined by a metric tensor g;;
which, in an Euclidean or local geodesic space, becomes the diagonal
Ny with ds? = nydxydxg = dx? + dx + dd — dx; = dr? — c2dt?. The
I(+ ++ — ——) means in an analoguous way ds?> = dr? — c2dt> —
dxZ — dx? in a geodesic R, space.

15 With regard to the R,x; and x4 have the properties of hidden
world coordinates which should not exist due to the Kopenhagen
interpretation of quantum mechanics. But possibly, the restriction to
the four spacetime dimensions and exclusion of a hyperspace was a
too narrow concept.
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and the T; are microscopic quantities, this means that
the future is always open, i.e. predications about the
future can only be statements of probability.’e Only if
many micro states superpose and build a macroscopic
collective system, a uniqueness of factual causality is
“pretended”.

The extended Cartesian coordinate system then reads
in Minkowskian notation (the — signatures in #;, lead to

1/—1 =i factors):

(. X%, x3) =R;, x,=lict, xs=1ie, xg=1in. (22)

These 6 coordinates are independent of each other, so
anormalised orthogonal system exists with unit vectors:

1<k<6, Xy=6€X, &-€ =35 (23)

The structure of (21) suggests that the set of the R, coor-
dinates is structured in the form {x;, x5, x5}, {x,}, {x5, x¢ }.
The fundamental eigenvalue Eq. (17), according to Heim,
now becomes valid for the Ry, i.e. with indices p,k,m =
1,..., 6 and the discrete eigenvalues 4, (k, m) being propor-
tional to energies. It describes all elementary structures of
matter.

At the end of this paragraph we shortly want to dis-
cuss!” Heim’s finding of a smallest element of area, which
he was able to derive from his enhanced phenomenological
theory of gravity which takes into account the field
mass (compare above) and leads to a deviation from
Newton’s law for very large distances (see Appendix M,

subsection M.1, and [42, 43])

_37rh

=55 7 6,15 -10™°m? (24)

T

with y being the gravitational constant, h Planck’s constant
and c the velocity of light. This smallest area, which was
also identified by Treder [56], is proportional to the square
of the Planck length and was called metron by Heim. Heim
was the first who concluded from this detection that the
smallest area makes a new calculus with differences of
these small but finite areas necessary. Contrary to GR
and Quantum Field Theory, infinities and singularities
cannot occur in the metron calculus. Heim developed
this calculus completely on his own (see [43]), although
there were already studies on calculus with differences
([57-59)).

16 Heim reminds at this point that C. F. v. Weizsdcker ingeniously
deduced the whole abstract quantum mechanics as framework from
the existence of separable alternatives and from the existence of an
open future [54]. The second premise obviously is fulfilled in Heim’s
6-dimensional theory from the start.

17 We follow the summary in [55].
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The infinitesimal tensorial eigenvalue relationship
(17), which described metric structural levels in the contin-
uous Ry, is translated by Heim into a discrete R, with ten-
sors becoming so-called selectors and curvatures of space
becoming so-called condensations (of metrons). Under
spacetime curvatures one has to imagine compressions or
condensations of the smallest areas of the discontinuous
world continuum, when projected onto Cartesian reference
areas. The correspondences to the Christoffel symbols act
as condensers. Therefore, instead of curvatures, in the
following the notion condensation is used. To keep a
comparison with Heim’s original texts ([43, 44]) easy, we
also use the terms selector and condenser, but occasionally
put the respective term of Riemannian geometry and GR in
brackets behind (tensor etc.).

In Heim’s findings on cosmology [44] the metron
appears cosmologically as a very slowly decreasing scalar
function of the world age. As the cosmos expanded, the
metrons kept dividing. A point in time can be determined
when in the past a metron was so big that its surface
encompassed the entire cosmos. Instead of a big bang in
Heim’s cosmology the first division of the metron occurred,
which then continued during the expansion of space. For
avery long time, spacetime was embossed only due to this
structural dynamic. Only as the fluctuations in densities
and metrons and their exchange in the sub-rooms of the
R¢ became more numerous, what we call energy and matter
was formed.

As Heim’s detailed theory of gravity and cosmology
shall not be subject-matter of this article, the metron
theory need not be introduced, because in relation to
three-dimensional space, there are four areas of validity
of the components of the fundamental condenser:

1. a “metronic area” in which the number of metrons is
relatively small,
an area with a high number of metrons,

3. an “infinitesimal area” in which the number of
metrons is so large that the structural (spacetime)
quantisation can be neglected, but quantum levels
exist, and

4. a “macroscopic area” in which the fundamental
condenser exponentially strives for a constant fixed
value.

The microphysical processes which we consider in this
paper are empirically given only in the third area of validity
(3.). Therefore, by default the metron calculation can be
dispensed with and the normal tensor algebra and calculus
can be applied. However, we shall see that when it comes
to the calculation of energy by means of a spatial volume
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element in our formalism, the quantisation of space (via
the metrons) is to be applied - to account for quantisation
of energy (see Section 4 and Appendix K). In treating the
evolution of quantum cosmology in Heim’s theory the use
of the metron picture is essential.

3.4 Solutions of Heim’s 6-dimensional field
equations in the microscopic realm

3.4.1 The Hermitian R, and fundamental equations

As a first step towards solving the 6-dimensional field
equations, we have to make clear their algebraic character.
Instead of the situation in the R,,, the metric tensor and the
energy density tensor in the R, are Hermitian quantities.
Heim deduces this fact from the requirement that trans-
formations of the 6-dimensional word structures should
be unique, have a unique inverse, that no singularities
should appear and the coordinate transformations must be
steady, meaning that the tranformations must be those of
the global Poincare group in the R,. As the world structures
to be described are non-Euclidean as metric deformations
of 6-dimensional manifolds, we must furthermore dis-
tinguish between co- and contravariant quantities. Due
to the Poincare invariance, a transformation to geodesic
coordinates #, must exist with unit vectors €, and 7, =
€M, being not necessarily orthogonal (because of the
non-Euclidean structure), so that (€;&,)s = A(x, ... X¢) #
E. With A=A, and the geodesic #, and their total
differential relative to arbitrary coordinates x; of the Ry it
follows

6 a—» aﬁ* ) .
Py a:I(IIJ szdxzdxk — gikXmka

6
ds? = )’ dif,dii} =
p.g=1

= g¥dx;dx. (25)

Here the coefficients g, = ﬁlﬁ*k = g;; are hermitian.
So, the world structures of the R, with the metric tensor gy,
are hermitian, although those of the subspace R, were non-
hermitian. This might be interpreted by the fact that the
R, structures are only spacetime ‘slices’ of the general Ry
world structures. The relation (25), finally being a postulate
for the R, shows a higher symmetry than the respective
relation for the R, (see Appendix A).

Because of the hermiticity of g; all theorems and
identities of Riemannian geometry hold in the so defined
R¢, where the parallel shifts are described by Christoffel

symbols in the well-known way F;(m = Fi:k, the metric
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determinant g = |g;|, (and so the functional determinant
w = 1/—g) keeps the same sign as in R,, as already
stated, and the known theorem of Riemannian geometry
% =2gI",, is valid in R, as well. Independent from
the number of dimensions the curvature tensor can be
expressed by the F}'(m as in (19). As also the empirical
principle b. must be met in the Ry, the valid geodesic
equation (12) tells that all accelerations in R, are deter-
mined by the F};m and so by the g;, meaning that
the components of g; can be considered as universal
tensorial interaction potentials and all phenomenolog-
ical interactions should be describable through them,
which would correspond to a radical geometrisation of
physics.

The 36 discontinuous energy momentum densities
ei’;‘]) # 0 of the R, form the components of an energy
momentum density tensor €, in the R, which shall be
divergence-free (as a postulate) and become ey — Ty in
the macroscopic realm. Analogue to GR with a hermi-
tian metric tensor, there is only one structure tensor
built from g; and its first and second partial deriva-
tives which is Ry — %gikR, so that again the relation
Ry — % giuR = aT, (with @ as proportionality factor) is
obtained.

Due to consistency at the transition from microscopic
to macroscopic states there must be a convergent function

kin }18 in the R, which converges to the macroscopic

I’ }(m With the same arguments as for Egs. (16)-(19)
respective equations and relations can be derived for
the microscopic realm in the R, leading, amongst
others, to the eigenvalue equation with the hermitian
operator C,

i i i
Cp{km}_/lp(k’m){km} = kmpzo’

which is stipulated for the same reason as in the R,,
compare Appendix B. The contracted form Qfmp = 0 with

(26)

C, { P } — Ry, directly leads again to the Einstein-
km

equation-like relation. Both equations, the non-contracted

and the contracted, with the abbreviations

18 In the following we denote the state functions of the microscopic
realm in the Ry, which converge to the macroscopic F;(m, as kfn ,
following Heim. They must not be mixed up with the Christoffel
symbols of Riemannian geometry and GR. We further denote those
with T} .
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. 6 6
({kin}) ={}, C=2Cp, /1=2é’p/lp, giving
6 p=1 p=1
Cp { k;n} =€), and

i - A, .
4y (ke m) { > } = (Gx (N
@7)
can be written in the more compact form

~ - N

C{}=4ax{}

A

and Tr c{} = i{}, (28)

Tr being the matrix trace. Beside this contraction which
corresponds to Rfmp, there a two further possiblities,

Rﬁmp::Bmp and R,’("mp = —Ry,, which are analysed in
Appendix D.

Considering in how far (28) fulfils or is able to fulfil
the fundamental empirical prinpicles a. to d., it can be
stated that (a) is met due to the hermiticity of g;, and Ty,
(b) as the geodesic equation is fulfilled and (c) through
the existence of a Hilbert space for the hermitian state
operator C,, carried by the R, with real discrete eigenvalues
7. Finally, Ry — % giR = aT; implies through its double
singular mapping into the R, the statement d. with its
empirical forms d1 and d2 (R,,), see Subsection 3.4.5, and
also Appendix] for thelinear limit and mapping to classical
EM (d1).

3.4.2 Connection to the phenomenology of the R, and
partial structures

Heim performs an analysis of the structure of the energy
momentum tensor Ty in the R, and concludes that
in the macroscopic realm T; can be composed of the
physical fields of EM and gravity, E,H and G, i, and of
a fifth so far unknown field K, which should couple EM
and gravity, see Appendix E, subsection E.1. From this
three-fold structuring a metric tensor can heuristically be
derived, consisting of three metric partial structures glg’(‘)
with 1 < p < 3 in the R¢ so that gy = g;; is considered as
a composition of these partial structures u.' The g; on
the whole, now called composition field, is hermitian, but
not necessarily the single partial gi(,f)(x1 o Xg) # gl((’l.‘)*. In
a part of the R, which is only determinded by a partial

19 With respect to the two-dimensional metron it should be men-
tioned that the R; can be considered as a fully into metrons
fragmented space as 6 MOD 2 = 0. Then M = 6/2 = 3 is the number
of possible metronic partial structures, which supports the heuristic
conclusion above.
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structure u, parallel shifts can be conducted with I" }'(m(ﬂ) +

i
ka(u)'

combinations of { i } ;é{ i
ko J ()

mk

Now, in the microscopic realm, there should be

*
}( ) which go over to the
7]

and super-

. . i i
macroscopic continuum as { } - ka(’l)

kam ) (uy
i\ _ y3 i X i
poseto { o } = 2,4=1{ o }(M).Wlth the same abbreviation

as in (27) {A}(M) = <{ :

o }(M)> ) the non-hermiticity {},, =
(0 + ()= gives
) ()
3
N — "+
{} - 21 { (”)$

U=

3
,,Z‘l 0, =0 (29)
because {A} is hermitian. Under this premise the state
function in (28) becomes a true mixed variant third-degree
tensor field, because geodesic coordinates can only be
found in respect of one partial structure so that a geodesy
for the other x4 isnot given and so {A} cannot be transformed
away.

The construction of the R, and the existence of its
hermitian structures g; as well as the microscopic law
(28) apparently are a consequence of the whole-number
numerator in the #; of (15), i.e. the physical quantum

nature (principle c.).

3.4.3 Hermetry forms

If in Eq. (28) condensations 7 # 0 do exist, then these
7 need not be defined in all coordinates of the R, but
this spectrum can be related only to a subspace V, with
1<k <6 in which each fundamental selector (metric
tensor) deviates from unity g # E. A physical interpretation
of the k-dimensional deformable subspaces represents a
hermeneutics of the respective world geometry. Therefore,
Heim uses the term Hermetry to distinguish that a deviation
from Euclidean geometry is given in a V. If k coordinates
are hermetric, then 6 — k Euclidean coordinates remain
anti-hermetric.

According to (22) the R, consists of three non com-
mutable imaginary coordinates and the real R; which,
concerning the hermetry, appears as one semantic archi-
tectural unit sy = R; of the world. The non commutable
imaginary coordinates make up three further semantic
units s = X, S3) = X5 and ¢, = x,. The hermetry notion
/T(Vk) # 0 must apply to these 4 semantic units s;. The
number of basically possible hermetry forms (hermetric
subspaces) can be calculated as Z = E;:zl ( 2 ) = 15. Heim
now argues that the units s, and s,) must be hermetric in
any case:
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From the divergence-free hermitian energy momen-
tum density tensor Tinthe Rgand T = Tr(M X M), diveM =
0 follows for the field tensor. In the non-hermitian R,
a phenomenological field tensor is defined, too, whose
4-dimensional vector divergence is proportional to a four-
current describing inertia and electric charge. So, from
divyM = 0 follows that the non-R,, parts of the tensor and
their partial derivations with respect to x; and x describe
these fundamental quantities of the physical R; which
reduce to field components in x5 and x,, thus in s5) and s.
Heim excludes the case that only one of the units s or s,
could be hermetric, as a world with hermetric coordinates
only in the R, seems to be impossible due to his argument
above, and the possible case of an anti-hermetric R, (s,
S() would leave all 4,(k, m) = 0 if only s5) or 54, i.€. Only
one coordinate were hermetric. This can be seen from the
relations after Eq. (30) in the next section.

On the other hand, s, and (or) s, can be hermetric,
but don’t have to. So, for them we get the possible
cases “none of them”, s, s, or (s, () are hermetric.
Combined with the always hermetric (), S this finally
provides the following 4 remaining hermetry forms:

a = H(sg), S4) = H(kg)

b = H(s), S), Swy) = Hlkq), k)

¢ = H(sq, S5y, Sw) = Hlky, k3)

d = H(sq), S Sa)s Swy) = Hlk), ks K3)

The forms a and b can be classified as imaginary
condensations, the forms ¢ and d as complex ones, as
here also the real unit s;) becomes hermetric. The form
a denotes condensations in the trans-coordinates xs, X,
but b time condensations, ¢ space condensations and d
spacetime condensations.

Here we have also introduced a new quantity x(,
which denotes the single distinguishable structure units
- Heim calls them lattice kernels — k) = k(;)(Xs, X¢), K 3)
=K X,). k3 = K3 XX, x3) (again 3 units, compare
above) with the properties x,, # KE; ) and g(,,) = Tr(k(,
xK(,)), the g(,,) being the partial structure fields which
make up the composition field g, per hermetry as given in
Appendix E.

3.4.4 General solution of the hermetric fundamental
problem

Prior to an analysis of the single hermetry forms we want
to find a solution for the general hermetric problem. This
means that Eq. (28), which we now write in the component
form using C,, from (19)
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a’{kin}_am{lil}-i_{lfs}{kin}_{rrl;s}{Ifl}
=1Ak0{é},

has to be solved for the general situation of 1< g<6
hermetric coordinates in the Ry. If the covariant compo-
nents k and 1, respectively, k or 1, are anti-hermetric, then
Am(k, 1) = 0 follows due to the definition of anti-hermetry.
If in contrast k and ! run in the domain of the g hermetric
coordinates and if m = m is anti-hermetric, then due to
{ i } =0and { lzl} = const(Z™) always A(k, ) { ;ﬁz} =0

ml

(30)

follows which, due to { ;ﬁz} # 0, can only be fulfilled by
As(k,1) = 0. This means that the eigenvalue spectra of
covariant hermetric components of the condenser cannot
have components in the anti-hermetric structure units
of the world. By the existence of such anti-hermetric
units these eigenvalue spectra remain empty: A;(k, ) =
Ak, ) = A,,(k, 1) = 0. Beside these identities there are
relations between non-empty spectra: Writing Eq. (30) for
k = m(Eq. (1)) and for exchanged indices mand land k = m
(Eq. (2)), then the sum of (1) and (2) provides the symmetry
relation 4,,(m, ) { ”ill } + A(m, m) { mim } = 0. Defining the

{rrin}:aml{mim}

and similar { i } = a;, { ! } Based on these relations
Im I

_ A4(mm)

D’ we can write
m(m,

relation a,; =

and on {A} = {A}>< being hermitian, one can transform
Eq. (30) to

((a(k, D—1)0,— Zam> bu+ ¢ = Ak, Dy (31)
m#l

with the abbreviations and quantities a(k, I), b;(k, 1), A(k, )
and the function ¢; = b;(k, 1) { 1:1 } as defined and derived
in Appendix F. This is a Bernoulli differential equation
which can be solved in a straightforward way, see
Appendix F, leading to a result expressed through the
normalised function

_ ¢ _bkD [ _ i\
T ) {kl} = (1+Gue™7)

= (1 + Ckl e_ﬂklx)_l

(32

where Zkl’/lkl are functions of the A(k,1),a(k,1) and (in
case of Ay) the angles of the g coordinates as defined
in Appendix F, C, a constant of integration and x
the g-dimensional “length” with x* = Z?zlxiz. From this
solution also the fundamental metric tensor g; can be
calculated as given in Appendix F. The function y; has

the extrema 1//,2“1“) = 0and W]E;nax) = 1, which turns out are
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the extrema of the g; as well. The maximum of 1is reached
for (AgX) = @ + i if e %e™# = e~*(cos p — isin f) = 0,
which is only achievable for cosf —isinff =0 or for
cos f = 0 and sin f = 0 when « < . So, the imaginary
part Im(4,;x) provides in principle four discrete spectra
() — +2(@n, +1)fromcos f, = 0and %) = +zn_ from
sin fi_ = 0. The real part Re(4;,x) remains instead without
effect concerning the formation of discrete eigenvalues.?
The existence of the three imaginary world coordinates
obviously causes the hermetric condensation (metric cur-
vature) and so quantum levels in the R; projection.

We now consider the dependency on x. As the real
coordinates of the R, Ss(l) always appear only as one struc-
ture unit, we can set for these real quantities r> = Z?zlxiz
so that the remaining g — 3 imaginary coordinates can be

combined to —&2 = Y ! x2. Then we get +ix = /&2 —12
and withy = ix

v = (1+Cy eiu“y)_l , VP =E-r. (33)

As long as r < & holds, due to et = cos(4,y) +
isin(4yy) discrete eigenvalue spectra of quantum levels
occur. Only for r > &, thus y =iy/r? — £2 the exponent
becomes real and y;; exponentially approaches a constant
limit. This indicates the existence of the fourth area of
validity, the macroscopic area. If r > &, then y = ir and
the quantum spectra become so dense that the eigenvalues
A — A approach a continuum in which the single ele-
ments (k, ) are no longer distinguishable, so that y; — v
and Cy; = C. In this macroscopic approximation

> &y =14 Cetn)! (34)

an exponential decay law exists for both branches.

3.4.5 Hermetric elementary structures

Now the hermetry forms a to d shall be analysed regarding
their physical interpretation. The forms a and b can
be classified as imaginary condensations, since the real
coordinates of the R; do not occur in them. They are not the
ones determining the masses of the elementary particles,

20 As Heim, we use the term ‘eigenvalue’ for these discrete spectra,
defined by the maxima of function y,, although they are not obtained
by the non-linear eigenvalue equation (30), respectively (31) alone,
which first still allow a continuous solution set. Other than, e.g. in case
of the Schriodinger equation for bound states in quantum mechanics
(see for instance [60]), here the requirement of a normalised (wave)
function cannot be used as a constraint to restrict the solutions to
discrete values. Heim’s approach considering the maxima therefore
appears plausible.
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which are the main subject of our consideration. Therefore,
we present Heim’s findings for the forms a and b only in a
short summary:

As the hermetry form a describes terms in x; and
X, outside the R,, a physical interpretation seems to be
impossible. It is only conceivable that the structure a has
an indirect impact on the R,. This is the case if a fulfils the
condition of a null geodesic, because then the R,-sector
of the fundamental metric tensor is pseudo-Euclidian
(due to its anti-hermetry) and the metric quantities of
a, for ds? = 0, depend on the R,-coordinates. So, even if
a is not directly physically explainable, its effect on the
(anti-hermetric) R, can be analysed, see Appendix G for
details. According to Heim [43] it turns out that it obviously
causes a gravitational disturbance which spreads out with
a finite velocity. As the eigenvalues build discrete spectra
in the a hermetry, too, these advancing gravitational fields
must have the character of discrete quantum levels as
well, which therefore are identified as gravitons by Heim.
The fact that x; and x,; appear in all hermetry forms
as hermetric coordinates (as lattice kernel K> compare
Subsection 3.4.3) explains, so Heim, why gravity is always
present for all matter.?!

In form b, all three imaginary coordinates x,,, x; and x,
are hermetric and this means that an analogous formalism
as for the form a exists. The obtained relation can be
extended into the R,, where with the anti-hermetric R;
coordinates geodesic null lines exist ds? = dr’ +dx; =
dr? — ¢?t> = 0 on the light cone. The R, coordinates then
occur together with the time coordinate as well-known
Lorentz invariant term in the equation (A — %g—;)P = ’%ZP
with P as state function, which is for A ~ 0 identical
with a transversal electromagnetic wave field. Therefore,
Heim concludes that the imaginary time condensations of
the Hermetry form b describe photons, the imponderable
quanta of the electromagnetic field [43].

The results of Heim’s mathematical analysis of forms
a and b can be found in Appendix G (but can be skipped
in first reading as not needed for the further outline).

The Hermetry forms c and d have in common that they
both contain the semantic unit s ;) with the real coordinates
X1, X5, X5 beside imaginary coordinates, so that the multi-
dimensional world vector and the line element become
complex X =7 + i€, x = a +if. As in the case of form a

21 It should be emphasised that Heim’s argument as given in
Appendix G may support this explanation and give a hint for
gravitational field quanta, as stated. But the gravitational field on
the macroscopic level of course is described by the transition to this
macroscopic realm and so by the Einstein equations of GR which hold
in Heim’s theory in this realm, as already explained.
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(see Appendix G), the coefficient C; turns out to be —1 and

Wi = (1 - e_jk’}> = (1- ’3_'1“)()_1 =(1-
y=8&-r, =+, &=+ +c. A short
analysis of possible singularities shows that in the third
area of validity the condition e"lkl’(cos ﬂsz —isin )t,déj) =1
causesapoleiny;, which means that only for sin /lsz 0,

: -1 .
etw) ™ with

i.e. 1y = nz and cos A& = e 3 singularity occurs. The
last relation can only be fulfilled if /lk,r <0.Forr— 0the
even-numbered eigenvalues cos /Tkzg =+1, i.e. Zkzg =2nr
lead to such a singularity which has to be excluded as
unphysical. So, only the imaginary values sin 71,(15 =+1
and the odd-numbered real values cos ZHE = —1 count
without restriction, the even-numbered real values only
ifr > 0.

Together with the findings for the maxima of
in Subsection 3.4.4 this means that we end up with

the physically allowed spectra /1 5 = ( e§> &= /lkl §§

i;(Zn ++1) and A4 55 = in(Zn_ + 1), which includes
)”21.55 = 212'155 and with )”1:159& = +2zn_ for r> 0. It is
now possible to derive a relation between & and r for these
spectra, when noticing that similar relations as for Akl §§
can be inserted for /lkl & and AH iy if a certain mathematical

relation is respected:

( klg) &= < k,§>2 (? +y%) = 7*(2n, +1)* + 2n,)")

= ’(2n_ + 1)? (35)

For the /1;1 55 = +2zn_ Eq. (35) changes to a relation
with even 2n, and 2n_. The equation holds for the inte-
gers n_,n,,n, if the squared terms on the r.h.s. form a
Pythagorean triple.?? Only then the n_ is a natural number
and fulfils the eigenvalue condition above. After a term

by term equalisation relation (35) can be transformed

2 — 2 2 2 — 2 2
0<kl§) E=n2n_+1) and(ﬂkw) r’=rx*2n,+1)
and by division to

E _2n_+1

2= , =1if n,=n_,
r 2n+1
, ) (36)
or = n_+ forn,.=n_-1, » 1for n_> 1
2n_—1

22 In Eq. (35) with odd terms for & (r.h.s.) a necessary condition
is met by having a combination of an odd and even number on
the Lh.s. Alternative to (35) this condition can also be fulfilled
by zrz((zny +1)? + (2n,)%) = x2(2n_ + 1)%. The three terms which are
squared in (35) can be generated by arbitrary integersu, v € N,u > v
via2n_ + 1=+ 0% 2n, = uv,2n, + 1= u? — v”. In the ‘even’ case,
analogous relations apply to the 2n_, 2n, and 2n,.
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Notethat & # r,i.e.y > Oonly has to berequested ifr =
0 to exclude the above mentioned singularity. It can easily
be seen that the same result is obtained for the spectrum

Ay 55 = +2(2n, +1) and that an equation > < = —: follows
for the /1“55 +2zn_ifr > 0.

We now want to consider the time dependency of &(t)
and r(t) (according to [43]). In general, independent of
the complex Hermetry form, £ must be a time dependent
function, as otherwise no interaction could exist for the
respective condensation, which could only be fulfilled
if there were no other condensation in the R,. But this
would contradict experienced reality. This means dy? =
d&2 —dr? = (&2 — 1)de? = w?(1 — v*/udde?, as é=w is
the imaginary part of the world velocity in Euclidian or
pseudo-Euclidian approximation and 7 = v a temporal
change of the position in the R;. So, with f = v/w we
gety = [wdty/1-f? = é\/l—ﬁ2 + [ EBPA — pA)Vdt.
As in general Ay #0 (r>0) and A, #0, also y #0
holds. If further § = const, which always must be possible,
then f = 0 andy = £4/1 — 2 # 0, which demands f* # 1.
Finally the algebraic character of y may not change through
the request f =0, so that the constraint 1— > # 0 is
stated more precisely as 1 — > 0, i.e. 0 < f < 1. This
characterises the pseudo-Euclidian Ry in which a null
geodesic is not reached. This in turn is characteristic for
massive ponderable quanta, so that we can conclude that
in case of the forms ¢ and d the A;; describe quantum
levels of massive particles. The physical difference between
the forms ¢ and d becomes clear by realising that these
complex-valued forms can be understood as couplings of
the imaginary forms a and b to the metric R; structure. And
since form b is to be interpreted as describing the photon,
the form d must be considered as a condensation which in
some way is coupled with a photonic, i.e. electromagnetic
field, in fact as a consequence of the time dimension
involved in the condensation process. So, the Hermetry
form d obviously describes charged particles and the form
¢ neutral.

An open question is, whether and how the strong
and the weak interaction with their gauge symmetries
could be derived from the hermetry forms. We consider the
possible relation between the 6-dimensional Heim space
and these gauge symmetries in Appendix C, subsection C.3,
and the r-dependent course of the interaction, in this case
obviously the strong interaction, as it must dominate the
condensation and so generation of mass, in Appendix L.
We find that this course seems to have a linear increase in
the area between an inner core and the outer asymptotic
region, which suggests an analogy to the confinement
potential of the QCD.
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3.5 Poly-metric geometry and partial
solutions

3.5.1 Basics

After these preliminary investigations we come to a central
aspect of Heim’s theory, which was already heuristically
introduced in Subsection 3.4.2, the existence of partial
metric structures and the composition of the overall
hermitian geometry in the R, of such structures, leading
to a “poly-metric” geometry. According to Heim, this
poly-metric allows for a refinement of the Riemannian
geometry so that internal structures (processes) of matter
become describable on a geometric basis. The fundamental
metric tensor gy, therefore is composed of a combination
of partial structures as suggested by the different semantic
geometric structures and groups of coordinates s; already
introduced in Subsection 3.4.3.

Starting with the metric tensor in an Euclidian
or pseudo-Euclidian coordinate system (assumed to be
orthogonal) #;, we can derive its form for a system of
non-Euclidian coordinates x;, but also can assume the
existence of another coordinate system y; which stands
for the partial structures x*):3

ar/m% i3vk
oxt 6xkdde

6
571m aya anm ayﬂ k
! dxidx
Z <aya oxi ayﬁ oxk

a,p=1

ds® =

6
— (0!) (ﬂ)dxldxk

lm mk
a,p=1

= gy dxidxk (37

We now can structure this expression according to the
coordinate groups s(; where we join s(3)(xs) and s, (x4) to
one group as they appear only as one unit (as already seen
in the analysis of the hermetry forms),

(a)ZK(ﬂ)
: () () g (@)
a 4 a
(o)

a=1

8ik =

23 As always, if not explicitly defined differently, the usual sum
convention over identical indices holds. In this compact introduction
of the poly-metric geometry we follow the summary of [55].
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6
(}S;c Y+ K“”)
mk
f=5

(KG) + K(Z) + K(l))(KG) r(jl)( + Kr(i])()

-z

(uv)
/4\/21 g

where a, f run over the coordinates and y, v over the three
partial structures k¥, The k¥ depend on the coordinates
as already noted in Subsection 3.4.3. As we have learned
in that subsection as well through the hermetry forms,
there are four complexes of metric tensors Which can be
composed of the partial structures: g(") = (g(’” , (”))
with x=a,b,c,d; u,v=123; i,k=1,... ,6 The con-
crete form of the g™, which correlates the partial metric
structures, therefore also called correlators, is given in
Appendix E. We now can define poly-metric state func-
tions, i.e. fundamental condensers (in Heim’s terminology)
depending on the partial metric structures. We denote the
composition state function like Heim as [ ]2

[Zz] =& lskl]

1 3 3

— is

=5 2 8k <
H,v=1

K,A=1

3 . 1A
K,A,u,v=1 kt (uv)

x4
o [#V]

So, in the abbreviated syntax the (xkA) denote the
contravariant and the (xv) the covariant basic signature.
The notation also expresses that the contravariant index
i is provided by the partial structure x. The index s of
the partial structure A facilitates the summation. In the
metron picture the condensers cause that metrons, lying
on the curved metron lattice and this being projected on a

flat plane, are compressed or condensed. They mediate
external interactions. As we see from (39), due to the

(38)

ag¥") . %8 ) ggi
oxk 6x’ o0xs

(39)

24 Heim already denotes all state functions/condensers with the
squared brackets | | (instead of { }) after having introduced his
metron calculus, meaning that the quantities are based on it.
We use the squared brackets only if we want to denote state
functions/condensers based on partial metric structures.
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three partial structure units, there are 3* = 81 fundamental
condensers in the poly-metric, instead of the Christoffel
symbols in the Riemannian geometry, so a much richer
overall structure. Other than in Riemannian geometry, in
which the product of co- and contravariant metric tensor
gives the Kronecker symbol gg;; = 5;., in the poly-metric
theory this product in general is a function fl’f(a) # 5;

with a= (;i) which expresses the correlation between

the elements (k' A) and (¢v). This means that [ ] becomes

. 3 .7 (xA)
i i i KA\ [m®d
+Q
[kl] x,z;v:l ([kl](ﬂv) m (,uv) [kl](yv))
L (x4l A
> ([K ]+TIQ<K >>< ) (40)
K,A,u,v=1 Hv Hv

with Q <Zj> being a so-called correlation tensor which

KA
uv

couples the respective partial structures. If g;, consists of
only one partial structure y, then no correlation exists, i.e.
Q ("” ) = 0, as in the monometric Riemannian geometry

Hu
of GR.”
Starting from the fact that a condenser with an

- 1A
anti-hermetric covariant index k always is zero, [él]( ) =
HV.
0, for the metric tensor in the poly-metric the subse-

quent interesting symmetry properties can be derived,
see Appendix H, with + denoting the hermitian and
the anti-hermitian parts of the tensors and V, being the
hermetric subspace of the R,

(uv)

gk (wv) _ (MV)(VY)’

= const, 84k +i

(uv) _
g—]}l - 0,
(41)
g(”kj) = const # 0,

from which follows that the poly-metric condensers are
hermitian (Appendix H):

HEREE

The anti-hermitian part of g¥) turns out to be
(ﬂV) — P(/W)

(42)

expressable through a spin field tensor g~

(roty @), with the spin field vector . A non-zero
spin evolves if the orientations of metrons do not cancel
out. In the overall metric tensor of the composition field

25 Here we should emphasize that the poly-metric still contains two
partial structures in the R, ¥ and x®. But in the macroscopic realm
of GR the r.h.s. of Eq. (17) becomes the macroscopic energy momenum
tensor as shown in (18), which “forces” the L.h.s., i.e. the geometric
side in (17) to behave as one metric structure.
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g = g¥ no anti-hermitian part exists and therefore no spin
tensor either, where in contrast in the partial structures
and correlators spin fields always appear, presupposed
that there is at least one structure unit in which metric
condensations exist, i.e. which is hermetric.

3.5.2 Solution of the fundamental poly-metric problem

B
K1 (uv)

an insertion of expression (40) into

With the definition of the tensor F(’“’Dl

(uv)kl
a ()
A pv ) LK )
Eq. (30) gives

Oty = Ol + Fy | 5 | = Fin | )] = 20 DF - (43)

after a term by term equation under the sum over the
indices x, A, u,v (here suppressed) for the general poly-
' ] as defined in (40), being the

composition field.?® From this form immediately the same
relations for the A (k1) follow as from Eq. (30) for the
compositive case if one or more indices are anti-hermetric.
With these relations and similar steps as in the solution of
the composition field (Appendix F) we find the solution

q
(ki 72 S
A(Zv;d exp <4klx—/z{dxigjs [kl]) (44)
]:

with A;'d as integration constant and the other coefficients
as defined in Appendix H, see there (135) and previous
equations for the details. The underlining of coefficients
means that these quantities belong to the special poly-
metric solution and therefore depend in general on the
(for simplicity of the notation suppressed) partial structure
indices, in contrast to the not underlined coefficients of the
composition field. The result (44) means that the problem
of solving the fundamental equation of the poly-metric
can be reduced to an integral over the condenser (state
function) of the composition field. We therefore insert this
result, given in equation (32), in (44) and obtain the final
expression

metric situation, with [ziz

(x A)i
F(uv)kl

(kA)i

Gkl — Clrty e (em B 1)_%
v

(uv)kl (45)

with the single steps, constants and coefficients given in
subsection H.2 of Appendix H. The further analysis of the
result (in that appendix) provides that under a certain
condition (see for reference (140)) the relation Zkl =a k,Zkl

26 Heim calls the tensor F (in German) “Fremdfeldselektor” which
possibly could be translated with “Extrinsic field selector”, but does
not seem very illuminating.
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holds and then the poly-metric state function can be
written in a simpler form as

(46)
with a,, being an exponent which contains the strength of
the correlations, i.e. interactions within the poly-metric. In
the limit, when the respective parameters which determine
a,, become equal to those of the composition field, a,
becomes 1so that ¥, = Vi i.e. the field becomes identical
to the composition field, as to be expected. So, a quan-
titative solution of the poly-metric fundamental problem
results in the calculation of the correlation exponent
a,, (and the Zkl in the general case). Note that a,, can
become positive or negative, depending on the mentioned
parameters (and these on the indices k, I). A negative value
does not automatically lead to an infinity of F, since its
course also depends on the quantity ile’ which in turn
can be related to a,, (see (144) in Appendix H) and in
general can have a diverse behaviour in the coordinate
space.

The extremum condition 6F;'d =0 analysed in
Appendix H does not only lead to a relation between
the A(k, D) and A(k,]) (see the appendix), but can also be

met by F}, = 0 if the exponent in exp(Z wX) is complex
Zk,?c =a +1if so that e?(cos f +isinf) =0 is to be ful-
filled by cos f = 0 or sin f = O for the real or imaginary
part. This leads to the same eigenvalue spectra as in the

case of the composition field: ,Bi:—') = i%(ZQ LT, B (_"—L) =
+zn_. Furthermore, the relations GiDext = d - Qg ext
and (A;")ey = d - (Ay&)eys (not mentioned by Heim) with a
parameter or function d can be derived at the extrema, and
the [3(+) and ﬁ(+) of the composition field can be calculated

as /3(+) / /3(") = &, fuxi(k, ), see both in Appendix H, subsec-

tion H.2. Here the in general X-dependent function f(k, I)
is introduced, f,,(k,1) being its value(s) at the extrema
(eigenvalues), which does not appear in Heim’s calculation
(his calculation would mean f(k,I) = 1), but is obviously
necessary to avoid a too rough approximation, see again
Appendix H, subsection H.2. We shall see below and in
Section 4 that f(k,I) # 1 plays an important role in our
further calculations, as together with the eigenvalues it
determines the exponent a, :

(%)
_ —kl

K 'B(i) ext(k I)

(47)

Here we explicitly marked the dependency on the
coordinate indices.
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3.5.3 Correlations and classes of condensation

Based on the results (45) and (46) Heim [44] derives expres-
sions for the metric tensor and the correlation tensor, see
Appendix H, subsection H.3. From these expressions the
roots, extrema and also second derivatives, thus inflexion
points can be analysed. It turns out that the extrema of
the correlation tensor Q fall together with those of the
condenser field y, and the second derivatives of the metric
tensor result in the following form

aQEZﬁ =0, Jyy=0, 08,y =0, 0°gy, =0. (48)

This can be interpreted this way (Heim [44]): The
coupling extrema of all condensers (out of g) lie in the
diagonal condensation levels of the composition field (y ).
In this coupling sector the metric tensor components are
extremal in both signatures of the condenser, in the basic
covariant signature as inflexion point, thus here a pseudo-
anti-hermetry seems to exist so that the number of (from
g) buildable condensers in each coupling extremum is
reduced. A variation of the couplings must lead to a restruc-
turing of the composition field. Each coupling extremum

E;’gext = Z’:) determines a coupling group containing
all coupling extrema which arise from permutations of
the signature figures. Heim performs a detailed analysis
of all possible combinations and sorts them, depending
on the associated hermetry forms and on the partial struc-
ture units. We only consider the a hermetry as simplest
example: In this case there are only two correlating tensors,
8an = Tr(k () Xk ;) and k(). They allow the construction

of four condensers, namely [Z:L = [K]+’ [iL = [g]+

as well as [’; L and [f L, where co- and contravariant
signature differ. As a correlation tensor couples different
elements of g, always QEZZ; = 0 must hold for couplings
of condensers with identical signatures. Thus, in the a
hermetry a non-zero coupling, i.e. correlation tensors can

and [K] .Forthe b and
+ gl+

the c hermetry each 30 condensers arise, for the d hermetry
92 — 9 = 72 condensers, as here all three partial structure
units are involved.

Another insight can be gained from the geodesic law

only exist for the condensers [i ]

. L 1(kA)
i+ [;I]( ) %*x%! = 0 which must hold for each condenser

in the poly-metric. Indeed, for each element (uv) of g a
geodesic reference system can be found in which ¥ = 0,
but this property does not hold for each other element of
g. So, if g consists of more than one structure unit, which
is true for the hermetry forms b, ¢ and d, no reference
system can be found in which all condensations can be
transformed away (as already stated in Section 3.4.2).



742 —— T.Warmann: Non-linear field theory

This is only possible for the condensations of form a
in gq;), containing only the structure unit (1). In such
a system Cg;, all physical actions resulting from g
do no longer exist. As these obviously are gravitational
actions (compare Subsection 3.4.5), gravitation appears as
a reference-system-dependent “pseudo” force. Therefore
the free fall is forceless, although the source of the
gravitational field remains unchanged. In addition to this
geodesic principle the principle of energy conservation,
expressed through the relations (17) and (18), holds and
leads to the basic equation of the composition field (28),
meaning that the overall state of condensations expressed
in this composition field is always conserved, independent
of changes of the partial structures. In Heim’s further
analysis [44] it turns out that maxima of the coupling of
partial structures (OQEZ:I; = 0) fall together with minima
of condensations (y) and vice versa. Combined with the
conservation law of the composition field this means that
a perpetual exchange mechanism between maxima and
minima is possible, which Heim calls condensation flux.
We now focus on those sorts of condensations which
obviously generate mass, i.e., as already derived on a
principle level in Subsection 3.4.5 and above, on the
condensers of the hermetry forms cand d which contain the
partial metric structure k) of the R;. Only if this structure is
involved, complex-valued condensers including a real part
appear and cause condensations of the R;. A real-valued
condensation of the space can be used as a requirement
and definiton to calculate the concrete state function F,
33

of a pure spatial codensation

ImF ) = Im <[33]+ +Tr (Qgg X Bg )) =0 (49)
where the results (44) and (45) can be inserted in the
course of the calculation. Note that in this case, the com-
position field nonetheless may contain further hermetric
coordinates, see the explanations below (54). Using the
fact that the Z,d and the coefficients ¢, , composed of real
eigenvalues, are real quantities and that the integral in
Eq. (44) runs only over the three spatial real coordinates in
this case, we get the result

F,’d(3 = “kz el [ (1+ cos K)

c)]

- 2
a+ (e M — cos K ) sin™? K)] (50)
with the constant a}, 7 being the 3-dimensional position

vector, K = Ayfand& = X1 5% the vector of the remain-
ing hermetric coordinates of the R,. See subsection H.4 in
Appendix H for the detailed calculation and the expression
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oftheexponent a @ (whichdepends on theindicesk, I, here
suppressed).

From the result (50) immediately can be seen that
the imaginary coordinates k > 3, which are present in all
hermetry forms (at least with the coordinates x and Xe)s
cause the spatial condensations, given through F W) # 0.
Namely, if K = 0 (or equally K = +27n) then sin K = 0 and
cosK =1, and as « X will remain > O for a set of indices
k,1(see Appendix H and subsection 4.2), llmj@oFkl(B) 0
holds for this area, i.e., a real-valued spatial condensation,
which distinguishes the hermetry forms ¢ and d, is only
possible if K # 0. Next, it is crucial to analyse for which
K extremal condensations occur. These obviously appear
for the half-integral spectrum K = i%(Zn +1), as then
cosK = 0 and sin K = +1 hold. The following extremum
of the condensation is then given

203)

1 i
Fi =al eikl'<f <1+e2’1k1’>>
kl(3) extl kl 2 (5 1)

K= i%(Zn +1).

In the realm of indices k,I where a5 >0, this
extremum with respect to K is a relative max1mum in
the area of a5 <0a relative minimum (with F kl(3) # 0).
As we shall see in Section 4, the latter area obviously
determines the energy-mass spectrum. So, as in variation
principles, a spectrum starting with an energy minimum
is found. But this half-integral spectrum is not the only
set of extrema, depending on K. Also the odd integer
spectrumK = +7(2n + 1) withcosK:=b = —landsinK =
0 provides extrema, as thentheterms1 + cos K = 1+ band
sin?K = 1 — b approach zero, which gives the following
result for the square bracket in (50): [...] = %(1 +b)+

- 2
% 11—22 <e A — b) .The first summand becomes O and in the

second we get 2 = L _, > forcosK = b = —1. Thereby
we get the following result as second spectrum of extrema?’

1-p2 ~ 1-b

_%0)
Fi =gl ehi (1 (1 + ezkﬁ)z ’ ,
kI(3) ext2 kl 4 (52)
K=+z(2n+1).

The results (51) and (52) provide important ingredients
for our calculation of a concrete mass-energy spectrum in
the R; in Section 4.

Before we concentrate on that, we briefly want to
consider the course of F! _ in the R; and also analyse

K3
the further existing classes of condensation. The function

27 Heim does not mention this second spectrum of extrema of F: G
only the first one, which obviously is an incompletion.
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F;'d@ becomes asymptotically for big r, i.e. r > &, thus with

At R AgX = a ) flk, DAgX = a g f(k,DA,yT according to

reference (144) and b = cos Z,dg:

oo e (1ePT)
KG) - \21-b

= Q01— b))g‘%)e@kz—g(ﬂkzﬁ

=001 - b))ﬂ%e_g(g)(l_f(k»l))zkﬁ: (53)

In the here considered limit of r> &, f(k,I) can
become positive and > 1 (see Appendix H and sub-
section 4.2) and so 1— f(k,1) < O. a4 will be negative
(as Ay~ fodlk,D), see (47), and at least f,,(4,4) <0
in our parametrisation with fit to empirical data, see
Subsection 4.2) so that the exponent in the result (53) in
total becomes negative if 4,7 > 0, and the function Flid(B)
approximates zero for large r, as physically plausible. To
allow for this behaviour puts a constraint on the a(k, I) and
a(k,1) which f(k,1) depends on (see Subsection 4.2 with
exemplary data).

Further classes of condensation can be derived from
the following consideration: The result of reference (44)

can be written as

P =457 (] + 2 3]

4,
j=1

where we have expressed the poly-metric indices by
afly, denoting the combination of the partial structures
operating in F (e.g. F(;53)) and so the class of condensation.
For simplicity, we have temporarily defined the F without
the constant factor Ajd, x denotes the respective hermetry
form and V the aggregate of the g, hermetric coordinates of

F.In general the condenser | | = [;I] +Q [:}] can have

a different (i.e. lower) hermetry degree than the solution
S
Kl

coordinate aggregate of the composition field and P the
remaining coordinate vector P = Q — V, we get

[ N1
. AV — AP -
etV — e
F(aﬂy)(x) = elklv<>

1— e~AP

of the composition field Cis [ ] If Q is the g-dimensional

5> o = 5 5 o S\ %

e <Akl_£klg;1)v _ e—i;dp—iklﬂ;lv '

— - 55
1—e 4P o

after a short calculation which is given in Appendix H,
subsection H.5. The exponent a, has the same structure
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as in reference (136), but for the g, hermetric coordinates,
and becomes identical to « if V=0. (In this case, Eq. (45)
holds for F.) The expression Zklg;117 in the e-functions
in (55) can be further evaluated by using again reference
(144), obtaining Aya 'V = A,V f,(k, ) where f,(k, 1) is the
corresponding function f(k, ) as in Appendix H, subsec-
tion H.2, but for the g, hermetric coordinates of F, which
then reads

- - > - - -

A=f, D)V _ a—AyqP+f,(kDV) -

€ € . (56)
1—e AP

Flappn() = (

The expressions which can be derived from (56) for
the possible classes of condensation (according to the
definition of the hermetry forms in Subsection 3.4.3) are
listed in Appendix H, subsection H.5.

4 Derivation of a mass spectrum

4.1 Basic approach and calculation

We are now approaching the central objective of this paper
which is to derive a formula for the mass spectrum of
elementary particles from first principles. According to
Heim this starts with the consideration that the r.h.s. of
his fundamental equation (28), in the contracted form,
represents an energy momentum density:

e} = i) = Y 4D [ ,fl] = D Aill ’)[ziz]

=Y Ak, DF. := D W (57)
i,a a

We have used the fact that the composition state
function can be set as sum of partial structure state
functions of the poly-metric (see (39)-(43)), and have
summarised the set of indices of the partial structures in
the index a. In general the W* according to (57) will be
complex, i.e. contain an imaginary part, which cannot
correspond to a mass. So, the mass must be given by
the real part Re(W), the imaginary part Im(W) instead
obviously represents an energetic fluctuation width I" and
so, due to the quantum complementarity, the lifetime of
the respective state (particle).

One obtains an energy (thus mass) by integrating the
energy density over the 3-dimensional space. Therefore, as
next step, the space volume element has to be defined in
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the frame of Heim’s theory. The metronic character of space
and thereby the quantised nature of energy, according to
Section 3.3, has to be taken into account and with it the
fact, that the metronic space element dV is not defined
unambiguously, as 0 < s < 3 coordinates can be metronic
constants. Therefore, there must be 4 possible volume
3-s
elements Vs = [ 9;v; with ; = const, v; being integer
= 3-s
numbers (of metrons) and [] v; = 1fors = 3.
j=1

Heim proceeds in his fu]rther approach by metronically
integrating the fourfold volume element, obtaining a sum
of 4 terms with different integer numbers and powers of
them and elaborates the ‘occupation numbers’ of these
numbers and the coefficients f, by extensive heuristical
and partially empirically related considerations, intercon-
nected with his theory, which we do not want to explain
here, see [44] for these details. On this path he achieves
to define a set of so far complete quantum numbers,
not only spin and isospin, but also a helicity and a
number which corresponds to strangeness. He succeeds in
obtaining a half-empirical mass formula which depends on
the quantum numbers, but also on 36 fit parameters (which
he artfully expresses through the set of mathematical
constants 7, e, {), and which is able to meet fairly well the
empirical mass/energy data of the elementary particles,
i.e. leptons, mesons and baryons and a wide area of their
resonances which were known in the eighties (see [44]
incl. listings of the particle masses which were calculated
with Heim’s formula at the DESY). Later (in 1989) Heim
revised his mass formula, but did not publish this version.
It was documented by the Research Group Heim’s Theory
in 2002.% This version does no longer depend on the
mentioned fit parameters, but on different coefficients
which are finally expressed through the set of quantum
numbers. This seems like a big step forward, however, there
is no derivation or explanation, how the new parts of the
formula come about.

Nonetheless, in the eyes of the author, this work was
a remarkable and creditable achievement and his formula
in this way is still unique. But it has the shortcoming that it
contains a lot of heuristic considerations which are not
mandatory and by this do not directly follow from the
equations of Heim’s basic theory.

Therefore, we want to follow a different approach
which foots directly on the equations and results described

28 See document “Heim’s Mass Formula (1989)” on http://heim-
theory.com [55].
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in this paper so far. We shall see that the calculation
with a quantised space volume and discrete summation
(instead of a continuous integration) will be crucial
to achieve an expression which obviously can describe
the phenomenology.”” In our approach we shall not
be able to derive a complete set of quantum numbers
which correspond to those of modern particle physics,
and thus, our results will not show a dependency of
the energies/masses on such numbers, but only on two
main quantum numbers which arise from our theory.
But the results will show a clear correspondence to the
phenomenological results presented and discussed in
Section 2.

So, we continue®® by calculating the mass/energy
through evaluating the integral over the energy
density

3
E= / > v,y wr,,
s=0 a

3 3—s
= Y0 [ TIow X Al =40F 2, G =7+ )
s=0 j=1 a.p
(58)

where the index p now denotes the contraction of the
eigenvalues /lp(k, I = 4) with the condenser state function
ofthe partial structure F f K=t (X) over the coordinates of the
Rg. The further coordinate indices of the eigenvalues must
be equal 4, denoting the x,,, i.e. the time coordinate, which
marks the energy density within the energy momentum
density tensor. In the following we suppress these fixed
indices k,1 = 4. As next step we realise that the integral
with the quantised space volume element can be written as
amultiple sum of discrete elements, each sum indexed with
ij(1<j<3~-5),and with Av; =v; —v; ;. Each product
of the Avij gives again an integer number n,,, which e.g. is
Av3fors = 0andall Avij = Av, and which can be a sum of

such terms if the F} (71-]_, .;?) fulfil, e.g. a spherical symmetry
or are constant in a certain region (the larger the region,
the bigger the n,) so that the really different F”(7;, £) can
be grouped in the overall sum:

29 Note that a ‘normal’ volume integral over the energy density could
not be calculated at all in a concrete way, since the integrand with the
condenser state function depends on the special function f, which
is not known in its full course, but only roughly qualitatively (see
subsection 4.2 and Appendices H and L).

30 All further content and results were elaborated solely by the
author.
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3 3—s
£= S AT 2 4% T4pr0, 5
s= =1 i

(59)

3
ZZﬁs lszl1 Ci»E)

According to (45), the FP depend on the index p
only via the constant coefficient C2, which means that the
contraction 4,C? (sum over p, other indices suppressed)
should be proportional to the well-known term Zp/lp =4,
compare Appendix F.3! This leads to /lpCp =C'A

As next we make a further assumption which seems
to be justified due to the symmetry of the 3-dimensional
space: We presume that f; = f = const, which allows to
set ). B;n;; = PN; with new integer numbers N;.

For the further evaluation the properties of the F,, have
to be considered: As we have learned in Subsections 3.4.5
and 3 5 3, the condenser state functions have extrema at
K= /lé m(2n + 1) with parameter m=1 or 2 and,

according to Subsectlon 3.4.5,atK = /15 = +2xnforr > 0.
The latter ‘even’ extrema were derived for the composition
field, but are not valid for F(;. As already stated in
Subsection 3.5.3, we assume that these ‘eigenstates’ are
the states of the particle mass spectrum, which means for
the expression in (59) that these extremal terms of F, are
to be inserted under the sum over index i. The dependency
of the F, on E is easily defined by the eigenvalues K(n)
via ;lE = K(n) and already led to the results (51) and (52)
for the F 3. These still depend on 7. But now the relation
(/?r')ext =d- (/_IE)ext (the same holds with Z) can be applied
(see Subsection 3.5.2) if we interpret the states of the
particle mass spectrum as the extrema of the F, with
respect to the variables E and 7. Therefore, we can reduce
the sum over i in (59) to those contributions which fulfil
the relation C’ AfN; = C(AE).,, = CK(n) (with C = const).2

ext

31 This assumption cannot be made without loss of generality. But as
the constant coefficient C2 (currently) cannot be determined by the
theory in general, our assumption, meaning the coefficient not being
dependent on index p, seems to be the most trivial choice, which, as
we shall see from our results, is supported by the phenomenology.
32 The condensation at the extrema should be proportional to an
integer number N; of condensed metrons and this can be measured
by a projection of the metronic geometric structure onto a fixed
“reference” (see [51] for anillustration of this issue) which obviously is
the constant (coordinate independent) vector 1=ia! /g, occurring
in the solutions (32) and (45). Sinceg # 0 generates the condensations
(compare subsection 3.5.3), it is plausible that E is projected onto
7 and provides the measure proportional to the N;, and thus also
proportional to A. Hence ASN; ~ (/_IE)QX, = K(n) follows.
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Assembling these steps provides

E= ﬁZNi/IFa(C;,_fi, JE = K(n))

= Y KMF,(C,. ZF=d-K(n), A =K(n)  (60)
o

where we have expressed that in the result the F, have to be
taken with an adjusted constant coefficient C,, depending
on «a (the coordinate indices k, ! = 4 remain fixed). Note
that in our above treatment the R; space volume effectively
was transformed into a term proportional to & times a
constant with dimension of an area, which seems only
possible in our metron-based discretised R,. It provides
energy terms ~ IE = K(n) which are linearly proportional
to a natural number, similar to a harmonic oscillator.

At this point we furthermore notice from (60) and the
expressions K(n) for the eigenvalues that only the positive
branch in these expressions should be physically relevant,
since an energy representing a particle rest mass should
have a positive sign.

The further evaluation needs to consider the F,(K(n))
concretely. In principle, in the sum over the « in (60) all
those condenser functions introduced in Subsection 3.5.3
and in Appendix H, references (158) and (159), have to be
taken into account which contain the real partial metric
structure k(3 of the Ry (as explained in Subsection 3.5.3).
The F(3) and F 123)(d) in which é appears as full vector
5 =ct+ T with iT = x5 + X4, and no other coordinate
dependency with ct or T is given (compare Appendix H,
subsection H.5), belong to this group. These two functions
can easily be calculated at the extrema K(n), see subse-
quently. The function F(;3)(c) corresponds structurally to
F(123)(d), see reference (158), it only misses the dependency
on Et, as this variable is anti-hermetric in the form c. But our
formalisn obtained so far can be applied to this form, we
just have to realise that E =Tin K(n) = ZE in this case.
This means that there is no difference between F;3(c)
and F;53)(d) in our formalism, i.e. the difference between
uncharged and charged particles which we associate with
the hermetry forms ¢ and d cannot be expressed by it.
Different energy levels due to this difference cannot be
resolved. These may come into play through “second
order” effects as influence, respectively, interaction by the
form b (electromagnetic field) and should be subject to
further analysis. The remaining relevant F, are F;3)(d) and
ict or P=iT
appears in the term e~*P_ For this respective term the
eigenvalues K(n) of the extrema cannot be inserted. But
a calculation in Appendix H, subsection H.5, shows that
these F, (f’), i.e. their relevant real part, depend on the Pin

F(B)(d), in which one of the variables P =
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a way that the condenser function fluctuates around zero,
i.e. gives a contribution of 0 in average.

Therefore, we restrict the further evaluation of the
sum in (60) to the functions F3 and F(;53)(d). From (60)
and the expressions of these functions according to (51),
(52) and (159) we see that the terms (A7), and (A7),
have to be expressed through (ZE)ext = K(n) etc. to achieve
results reduced to the eigenvalues. This is possible with
the introduced relations (7). = d - (A€),, and with the
eigenvalues (defined at the extrema which we consider)
(ﬁE)eXt = f,, both also given forz and £+:

(I?)ext = ﬂida ﬂi =K(n) = %m(zn +1),

m=12 or =%m(2n), m=2
) } (61)
(&ﬂext = Eid’ E+ = E(zr_l_'_ + 1)9

7 7
p_=zn_= E(ZE_)’ = éi =5n

Here we have applied the expression for the eigenval-
ues K(n) (positive branch). The eigenvalues ., are given by
m =1, the f_bym = 2. The £+ can be summarised in one
expression, as they do not have to be differentiated in the
further evaluation of the F,. With (61) and (47) at hand, the
F3) of (51) and (52) at the extrema and with the redefined
constants C, can be calculated as

~ Tag
m=1: F(3) extl = C(3) ezﬂ
5 (%(1 " e;:(2n+1)gl))_Z(ZTrUf‘:"1
62
=2 F =C Znd (62
m=2z IFgyexn = L) €2

n_oe
foa

v ( %(1 i e7r(2n+1)d)2 ) T aent)

The f,,, are the values of function f = f(k,1 = 4) at
the X-extrema of the F,, compare Subsection 3.5.2. In that
numerical range of d and f which becomes relevant to
meet empirical mass data the expressions above can be
well approximated (error of <0.002% for n > 0) by

~ n —1 - _
F(;) ext = C(3) 2 (2(2n+1) fex() eEﬂd (l_fexD. (63)

For the calculation of F(;3), We can use the results of
(45) and (61) and continue with

Fapyext/ Can)

—a

= eszﬂf)em (ez(?"'ig)ext — 1) -

— oin(d+) <eK(n)(d+i) _ 1)‘5
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=5 (cos (En) +isin <£n>>
2- 2-

X [eK(")d(cos K(n) +isin K(n)) — 1] - (64)

After a simplification of the term in the square bracket
as given in Appendix I and with use of the trigonometric
addition theorems we get the approximate result (error
<0.2% for n = 1 and <0.004% for n > 2)

Fapyext/ Can)

— olind (i1 T I G Vi
=e <COS<ZE<1+(2 m)2n+1fexi>>

.. (T (=pr _
+1isin <2£ <1+(2—m)2n+1fexi>>>
— e (/& (cos(%g)+isin<%g>) for
n>1(m=1)orm=2

z — n . .
=e(-fa) (—1):  if n iseven,

=eiM(-f) (-1 if nisodd.  (65)

Note that the result puts a selection rule on the number
natm=1if n> 1and for m = 2, as then the real part of
F(153)ext» Which is relevant for the mass contribution, is # 0
only for even n. For these the imiginary part vanishes. This
is to be discussed when it comes to lifetimes.*®

With these results the calculation of the energy (mass)
of (60) can be finalised. The sum over the partial structure
terms « reduces to the terms of F(3) oy aNd F(133)ey and only
the real part of these functions has to be taken:

2

ez

x e3nd (1-15)

- — (=1)N n o,
E="mN [Ce)l(zl) 2 Gy fad)

for N=2n+1and m=1,2

33 We see from the results of this subsection that a non-zero
imaginary part and thus a finite lifetime only exists for F(;y3)ex and
m = 1(for even n which provide non-vanishing real parts, i.e. masses),
which does not meet the empirical results. Concrete values which
could be calculated from these non-zero contributions (with the F;,3,
contribution in Eq. (66) and a sine instead of a cosine expression
in it and the relation for the lifetime = = #/T, with I" = Im(E)) are
far to small (order of magnitude 10~3s). This is obviously due to the
fact that our theory cannot yet model the elementary interactions
(including their coupling constants), responsible for the decays. The
only qualitatively true result can be seen for the leptons, the electron
is stable (zero imaginary part due to n = 0), the muon and the tau
decay. Here the imaginary energy contribution I" amouts to about
50-55 MeV.
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or N=2nand m=2 (66)

In (66), we have added the resulting expressions of two
partial structures, which in general differ in their structure
dependent quantities. As these resulting expressions con-
tain the same numbers m, n, n, their potential remaining
difference reduces to the functions f,,; and d. So in general
these would have to be indexed with ‘(3)’ and ‘(123)’ per
term in (66). But we assume that they do not differ between
the partial structures and shall see in the next subsections
that a very good agreement with the empirical data can
already be achieved this way, with f,,, assumed to be
constant, i.e. independent of the quantum numbers. This
approach also implies that the above mentioned selection
rule that only even n yield non-vanishing values has to be
applied to the F) contribution as well, i.e. to the whole
formula (66).

But first we consider the behaviour for n > n. Formula
(66) then becomes:

=~ 1—=(=DV | - 2\ Zad(1f-
E = GmN (C@ S +C(123)(—1)2> 514 (-/5)

(67)
We find that in the relevant numerical range
equation (67) differs less than 2% from (66) for n > 8 (F3,
contribution), respectively, for n > 4 (F(;,3, contribution)
(for n = 2). This means that (67) is a good approximation
for the area of mid and higher n, but not exact enough
for the lowest n. Another important aspect is the question,
how the coefficients C,, here a = (3)’ or /(123)’, have to be
treated, i.e. whether they are global constants or depend
on certain indices. We have made clear in Appendix H
(subsection H.5) that the exponent @ and the function f
in general differ between the various condenser functions
F,. As each a depends on the index n (see (47) and (61)),
which parametrises (in integer steps) the condensation
strength, it can be assumed that in a superposition of
F,(n) the coefficients differ not only between the different
F,, but between the n per F, as well and also depend
on the parameter m and on the “parity” P = (—1)V, see
above, thus C, = C,(m, P, n). We shall use this assumption
and notation subsequently, but no further dependency of
the C,.

4.2 Determination of unknown functions
- link to empirical data

Next we have to consider the properties of the functions
d and f, both at the extremal points of the F, (d is only
defined at these). For this we realise that the exponent

“nd (1— £.}) should be positive, as it obviously describes
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an increase in the energy spectrum in which n = 0 marks
the lowest level of a set of states differentiated by the n (in
%mN). From this positive exponent we conclude that the
function d should be positive and the term 1 — f_} as well.

Formulae (66) and (67) provide the following results
for the lowest n and certain n for theodd (N =2n+1,P =
—1) and for the even spectrum (N = 2n, P = 1) which can
be related to the masses of the electron, the tau and pion
and be used to adjust the so far unknown functions and
parameters to empirical data (we use the convention E =
M,ie.c=1):

T

E et p=—1n=0n=0 = 5 (C,-1,0)
+ Cuzy(1,—1,0)) :=m,,
51z

E 1 p=—1n=2n=25 ® > (C1,-1,2)

- 6(123)(1’ -1, 2)) emd (1-11) (68)

=m

T
Epey petpmanes = =27 Ci1p3)(2,1,2) €™ (-1

=m,.

The second expression (according to (67)) holds
approximately (error <0.5%). Apparently, these results
lead to an appropriate scheme if we set

a > 2m
C(B)(l’ -1,0)+ C(123)(1, -1,0) = 79',
8 > 2m
C(B)(l’ _1, 2) - C(123)(1, _1, 2) = S
- e () x M ves2, (69)
e 2m
-C 2,1,2) = —¢
(123)( ) p
- e (~fa) = Mz ~ 68.5.

e

In the last row there is no Cg; contribution since it
does not exist for the even eigenvalues K(n), as we saw
before. The numercial value for the e™ (=/) term in this
row was obtained by inserting m, ~ 140 MeV/ c2, which
corresponds to the phenomenological rule of Mac Gregor,
compare Section 1. Both calculated values are close to half
oftheinverse fine structure constant, 1/2a = 68.518, which
we shall analyse further in the next section. This allows to
derive a value for f,,, in terms of order of magnitude if
we assume that d varies only weakly with £ and lies in
the range of 0.5-1 (see below): f,,, & —0.6 for d = 0.5 and
fext ® —2.9 for d =1 (a limiting value which must not be
reached, see below). It has to be checked, whether this
result can be consistent with the finding of (53) et sqq.,
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stating that f = f(k, ] = 4) should become positive and > 1
forlarger. The definition of f in Appendix H, (144), suggests
that its coordinate-dependent part f can vary strongly,
depending on the relation of the coordinates x,, x,,, to each
other. If we assume x; and x,,,, i.e. all coordinates, thus rand
¢, being in the same order of magnitude for small r, which
should hold for the area of condensations creating mass
and which corresponds to our assumption 0.5<d <1,
then the approximate formula for f of Appendix H (below
(143)) and hence for f becomes applicable and allows to
calculate pairs of coefficients a(k,! = 4), a(k,l = 4). With
these coefficients, f and f can be calculated for the limit
of large r, i.e. x,, > x; in (143) and this indeed yields
f > 1and so a negative value for 1 — f, as necessary for a
asymptotically vanishing function FZ 4" Thus, the ansatz
to assume f = f,,, being constant in the range of the said
negative value for the considered area of condensation
seems to be compatible with the expected asymptotic
behaviour.

In order to find an approach for the function d
we first remember that r < &, i.e. d <1 must hold in
the area of discrete eigenvalue spectra (compare (33) et
sqq.). The question is how d concretely appears at these
condensation extrema K = IE = %m(Zn + 1) (respectively
K = 2zn) which determine the relevant points in the Ry
for the mass spectrum in our model. We recall the relation
(36) between r and £ which was obtained for these extrema,
and realise on the other hand that the starting point for it
was the integer dependency 2n + 1 (or 2n) of the &-related
eigenvalues, and that an analogous integer form is possible
for r (under the conditions explained below (35)), but not
necessary and could be a too strong restriction. However,
the relation (36) provides a means to model d if we can
eliminate theinteger variable n, asindependent parameter,
as then an expected nearly linear course of the relation
r — &, i.e. a nearly constant d can be achieved. Our ansatz
is to set n, = n/s with real parameter s > 1 so thatn, <n
andr = z'zliﬁ‘;lé‘ < &, thusd = 2';5:1 < 1(d = 1 would only
occur for n = 0 which is not relevant in the spectra for
n > 0 where d becomes active, see (66) and Table 1). For the
even K we getd = "T/S = i < 1. The parameter s ultimately
has to be considered as a fit parameter, but should lie
in a range which is compatible to the given constraints
and with kinematic considerations (see Appendix H,
footnote 57).

34 Concrete exemplary data which provide a realistic value of f =
—2.15 for x,, = x; (core area of condensation) and which yield f =
1.74(1.59) in the asymptotic area x,, = 10x;(100x;) > x; are a(k,l =
4) =2.0,a(k,l = 4) = 1.366,q = 3.
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It should be mentioned that an even simpler approach
for d as d = const < 1 cannot be excluded from the start.
But calculations with such a constant d do not provide
results better than 0.89% error to the empirical mass data
on average (for the subset of particles listed in Table 1 of
the next subsection), so worse than the results presented
in the following. In particular, the mass of the muon is
underestimated with 98 MeV in this scenario. This supports
our above approach derived from (36).

4.3 Results

Assembling the results of the last two sections, we can
derive a concrete formula for calculating the mass energies
if we succeed in reducing the ambiguity given by the
dependency on the parameters C,(m, P, n) which the the-
ory cannot determine (which results from the fact that its
fundamental equation (28) is homogeneous, different from
the Einstein equation). The relations of (69) give a good
hint, how this dependency can be shaped with a minimal
remaining degree of freedom: For the even eigenvalues
(K(n) ~ 2n,m = 2,P =1) the C(3)(2,1,n) can directly be
determined by m, through C(;(2,1,n) = 2%(—1)%, as
there is no dependency on the () in this case. The
sign-factor ensures positive energy values. For the odd
eigenvalues (K(n) ~ 2n+ 1, P = —1) there is a superposi-
tion of C(5) and C(y3 terms, which for our two “fit” masses
m, and m, add equally balanced (disregarding the sign).
Since the C’a remain undetermined by the theory, we must
adjust them to the empirical values in a way so that the
mass scale is fixed on the one hand, but that the existing
freedom in the weight between the F(5 and the F(;y,
contributions is expressed by a remaining parameter on
the other hand. We do this by introducing the parameter C
with 0 < C <1 which determines the strength of the 6(3)
in the superposition of the F and the F(;53) terms in
(66) and (67) globally. Furthermore we take into account
that the energies have to be positive and that obviously
only a superposition of positive partial contributions can
add to a phenomenologically right spectrum. This leads
to the approach Cg(m,—1,n) = %C, Cuzy(m,—1,n) =
2%(—1)% (1 — C) for the odd spectrum. Thus, we obtain the
following formula for the energy E in continuation of (66)

E = mymN [Cz(z);vfe_x}) +(1-0)|cos

(’2[2 <1 te- m)(_z\})nféi)) I] e324(/) - (70)

for odd terms N=2n+1,m=1,2 and d=2'2'£f:,05
1

C <1, or for even terms N =2n,m =2,d = g,C=O. The
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absolute value of the cos-term expresses the effect of
the sign-factors of the chosen C(m) coefficients, ensuring
positive values. It differs from 1 only for m = 1. We conclude
from this that, as a calculation rule, the absolute values of
the condenser functions |F,| have to be taken. For n > n
formula (70) generally takes the form which holds for the
even spectrum (N = 2n, m = 2) exactly
E — m,mN e5 (=/)/s (71)
and merges from a formula with four adjustable parameters
in (70), being m,, f.,s and C, to an expression with
effectively the two parameters m, and a = (1— f.1) /s.
The running “quantum numbers” m, N and n instead, just
as the structure of the formulae, emerge directly from the
theory. When we use the free parameters to adjust to the
empirical mass data, we find a best fit with the following
numerical values: For m, we of course have to insert the
electron mass of 0.511 MeV/c?. f,,, and s become f,,, =
—2.1573 and s =1.089, ie. za =7 (1- f}) /s = 4.2221
and exp(za) = 68.175. The last value is relatively close to
the half of 1/a, the inverse of the fine structure constant,
1/2a = 68.518, which is not surprising, as we have found
the same structure of relations for the most considered
masses as Mac Gregor did and as Hansson’s approach (6)
and our subsequent derivations of Section 2 suggested:

For m=1,n=0 and n=0, i.e. N=1 we get E =
m, in (70) and (71), which simply reflects the fixing of
the mass scale by setting the coefficients C, as defined
above. m =1,n = 21in (71) gives E = m,(2n + 1)exp(za) ~
m,(2n +1)/2a, which provides m,, ~ %me/a (n=1),m, ~
%me/a (n=25) and m, 4 ~ %me/a (n = 4) for the con-
stituent u, d quarks and my = gme /a (n=13) for the
nucleon (p, n) in the hadronic sector.

m=2 and the odd spectrum N =2n+1 provide
E ~ 2m,(2n + 1) exp(zan/2) ~ 2m,(2n + 1)(1/2a)2/? = m,
(2n+1)/a for n =2 and = "+(2n+1)/a’ for n = 4. The
latter formula yields a mg, ~ %me /a? for n =4, which
relates it to the m, 4 by mg, = m, 4/a. So, my, is identical
to Mac Gregor’s “gauge boson” mass, compare Section 1.
Finally, for m =2 and the even spectrum N =2n we
find E = 2m, 2n exp(zwan/2) = 4m,n(1 /2a)2/2, which is
=2myn/a for n = 2 and provides m, = 2m,/a (n = 1), or
=men/a? forn = 4.

The accordance of these resulting formulae with the
phenomenologically derived expressions of references [10,
11, 17, 18] and with our derivation (11) in Section 2 is one of
the most interesting achievements of this work.

The numerical results obtained with the expressions
(70) and (71) are presented in Table 1 for a selected subset
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of particles, including the three leptons® and those light
hadrons which may be most interesting in a first step to
evaluate the accordance with the empirical mass data. The
complete calculation for (nearly) all known particles and
resonances is given in Appendix N (Table 2). The empirical
mass data presented in the tables were taken from [1].
Before we evaluate these results, we should become aware
of the constraints for deviations between the calculated
mass spectrum and the empirical data.

With the calculated formulae, containing the even and
odd eigenvalue terms, we have obtained a mass spectrum
in the shape of “grids” with a nearly constant distance
between the consecutive values per grid. The number mN
in (70) and (71) “counts” the positions in the grid, the
quantity n in the exponent of the e-function determines
the size of the distance for different levels, i.e. grids: m, for
the lowest level n = 0, ~ 35 MeV for the second level n =2
and = 2400 MeV for n = 4 (odd values are “forbidden”, see
(65) et sqq.). The lowest value and the distances in the grids
are determined by our fit to the empirical data as decribed
above (by setting the parameters m,, f,,, and s as defined
above) and by the observation that the 35 MeV distance
(of the second level) describes a set of the lower particle
spectrum very well, similar as observed in [10—-27].

This being put in place, we can compare the empirical
particle masses with our grid values, but cannot assign
a single particle to a certain value in the grid, as our
theory does not (yet) provide an assignment of the known
quantum numbers like spin, isospin, strangeness etc. to
the mass-energy grid values. Instead we can allocate the
best fitting grid value, determined by the integer numbers
m, N(n), n of our theory, to each empirical particle mass. In
this way Tables 1 and 2 have been created. A consequence
is that the error, the deviation between the calculated
and the empirical mass value, has a maximum and an
average value even for a radom empirical mass value:
The maximum is given by the half grid size, e.g. =
35/2=17.5 MeV for n = 2, the average error by a quarter,
i.e. = 8.75 MeV for n = 2. We call this average error for a
random set of masses the “statistical” error and compare
the errors, calculated for our theoretical results, against it,
since it provides the measure to judge about the quality
and predictive power of the theory when calculating a
mass spectrum. This “statistical” error A, is 1.29% for
the data set of Table 1 and 0.49% for the full set of
Table 2 in Appendix N. The lower value of the full set
is of course due to the much larger amount of bigger

35 Without the neutrinos, see Section 5.
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masses in this set, while the absolute average error remains
constant.

We note here that the statements made above have to
be qualified concerning the assignability of a spin: Our the-
ory can derive a spin from the metron picture, these being
oriented elementary areas with angular momentum-like
properties, see subsection 3.5.1 and Appendix K. However,
the connection of the ingredients of our mass formula to
a spin is not clear. Nambu and later other authors who
analysed the empirical data (see e.g. [18, 23]) concluded
from the observed patterns that the mesons (as bosons)
obviously are assigned to an even quantum number in
Nambu’s formula, i.e. the number mN in our formulae,
and leptons and baryons to an odd number. Therefrom they
derived the picture of constituents (as in the constituent
quark model) or partons of a mass unit of 35 MeV which
the particles consist of and which carry spin 1/2.

If we follow this picture, then the parameter m = 1,2
in our model defines, whether an even or odd number of
partons makes up the particle and thus whether its spin
is integral or half-integral. For the systematics described
above, how to assign a mass value of the “grids” to a
single particle, this means that values with even quantum
number (m = 2) can only be assigned to bosons and values
with odd quantum number (m = 1) only to fermions in this
picture. We have conducted such a different classification
in Appendix N, Table 3. As the distance between two
“allowed” neighbouring mass values then doubles to
70 MeV, the “statistical” error doubles as well (to 17.5 MeV
for n = 2) and the real errors increase roughly be the same
factor (see Table 3). Since this “parton number — spin”
relation (as we want to call it) is only a conjecture and not
without alternatives,?® we regard it only as one possible
model variant and first consider the less restrictive variant
introduced above.

When we therefore first consider the errors of the
calculations for the full set of Table 2, we see that the
average percentaged error over all particles lies between
0.43% (calculations E; and E,) and 0.53% (calculation
E,) and thus is only slightly better than the “statistical”
error of 0.49%, or even a bit worse (E,). This shows
that our approach unavoidably looses significance against

36 Since in Heim’s theory the elementary spin results from the single
metrons, it is conceivable that there could be constituents/partons,
i.e. amounts of metrons, with zero or, more general, integral spin,
instead of 1/2 spin. Secondly, note that Nambu made his assumption
of bosons having even and fermions having odd numbers of 35 MeV
mass units on the basis of only 8 particles known in 1952. The overall
set of particles known today does not show such a clear picture in
this regard.
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randomness for high mass values (compared to the grid
size), since the calculated mass grid then becomes too
fine-meshed.? Nonetheless the calculations reach a very
low error to the empirical masses, which means that the
error is less than 0.5% for more than 63% of the particles
(in calculations E, — E;,53% for E,), less than 1% for 90%
of the particles and less than 2% for more than 99% of
them. The only particles with a higher error than 2% are
the 70 with 3.24% (resp. 3.76% in E,) and the #, but the
latter only in calculation E, with 2.25%.

Comparing these results against the calculation of
Sidharth [29] who, although coming from a different
approach, also obtained a “grid”-like result without
assignability of the physical quantum numbers as spin,
isospin etc., our results show noticeably less deviation
from the empirical masses.>® According to his resulting
formula E =mp = m(n+1/2)m, with natural numbers
m, n, his model provides only masses in a subset of our
results, as mp =2m(2n+ )m, /4 =~ 2m(2n+1) (35 MeV)
in our result structure. It misses the odd terms for our
parameters m=1,N=2n+1, i.e. E~ (2n+1) (35 MeV),
thus it cannot well reproduce the masses of particles which
obviously belong to this number pattern like the nucleon
(p, n) and alot of other baryon and meson states, see Table 2
(the x4 and 7 also fall into this odd pattern in our theory,
but as leptons they cannot be covered by Sidharth’s model,
since it bases on a QCD derived approach). It nevertheless
seems remarkable that our model, in a subset, obviously
produces a result set which contains the results of a QCD
based model. Varlamov’s approach [7] instead, as already
mentioned in Section 1, covers the leptonic and hadronic
sector of particles with an excellent average accuracy of
0.41% and can assign a spin per particle state. Though,
our result E; reproduces the masses of some particles
of particular interest, as the u,7,N,z* and p, slightly
better (0.36% in average for these particles) than his
results do (0.72%). Interesting in his approach is, similar
to ours, that the formulae of Nambu and Sidharth (latter
approximately) can be brought into Varlamov’s form.
Then the formally calculated spin does not make sense,
however.

37 Also Greulich pointed to the fact that an accurate calculation of
heavy masses via an Eq. (1) with large N is trivial [27].

38 Sidharth achieved an error of less than 1% for 63% of the particles,
less than 2% for 93% percent of the particles, and less than 3% for
all particles with the sole exception of the w(782), in which case the
error was 3.6%. His list of particles was (of course) not fully identical
to ours, but so far in agreement that the results can be compared on
this statistical level.
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We now consider the results in Table 1with the selected
subset of particles. Most importantly, it shows that the
average error of the calculated masses compared to the
empirical data is clearly lower than the “statistical” error.
The ratio A/A, to it ranges from 0.52 (calculation E,) to
0.59 (calculation E,), so the calculated masses for this
subset clearly have predictive power (due to the fact that
these masses are not too high compared to the grid size, as
already explained above).

A comparison of the four different calculations E; — E,,
showsthat E; and E, give nearly identical good results, both
calculated according to Eq. (70), i.e. our result with high
accuracy also forlow N, and differing only in the parameter
C which determines the weight of the F contribution.
Calculation E; with C = 0.9 provides a very slightly lower
error for the particle subset of Table 1 than E,, which on
the other hand is for a tiny amount better in the error
for the whole particle set in Table 2 (can only be seen in
the minimally lower ratio to A, in the error itself only
in the third decimal place). The admixture of the F,;
contribution in E; is low, only 10%. It was obtained by
varying C and finding that C = 0.9 provides the lowest
error value for the set of Table 1. That C lies so close to 1
shows that the F 5 contribution dominates the mass energy
for the odd eigenvalues N = 2n + 1 (m = 1, 2). In the even
case (N = 2n, m = 2) there is no F 3, contribution at all (see
(70), i.e. C = 0), only F;,3), so that the calculated masses
do not differ between E,; and E, for this case. The effect of
the F ;53 contribution for the odd terms can be illustrated
by indicating the masses for the nucleon and the p meson if
calculated purely with F;,3y: 952.40 and 793.05 MeV. Thus,
the F ;53 contribution provides noticeably higher values
than the F3) (which is purely given in calculation E, for the
odd terms).

Calculation E; according to Eq. (71) was carried out to
test the quality of this approximation. As to be expected, it
delivers noticeably worse results for the subset of particles
in Table 1 (average error of 0.75%), which lie in the lower
range of the overall spectrum and therefore contain also
terms with low N, for which the approximation (71) is not
very good. Overall it underestimates the masses in this
range compared to the “exact” calculations E;, E,, which
in few cases leads to even closer agreement to experiment
(nucleon, 1), but provides too low values for e.g. the
A, Z, K, p and w(782) particles. Note that it gives identical
results as E;, E, for the even terms (N = 2n) because the
|cos()| term in (70) becomes equal 1 in this case without
approximation. It is remarkable that calculation E;, despite
the comparatively worse reproduction of the data, still
provides a good description with a formula containing
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effectively only two parameters, m, and a = (1— f.!) /s
(the last term can be considered as one parameter, since s
and f,,, appear only once at this point in (71)). Calculations
E,,E, contain a more complex dependence on them and
additionally on parameter C, so they depend on four
parameters in this sense.

Finally, we consider calculation E,, which was per-
formed according to Eq. (71) et sqq. with exp(ra) := i =
68.518, i.e. as an approximation which corresponds to
the phenomenological approach of Section 2 and so, in
a subset, is fully identical to the Nambu formula (1). The
difference to E; consists only in the slightly different value
in the exponent of formula (71). The results show a still
little bit higher error (0.76%) than E; for the set of Table 1,
but a clearly larger error than E; (and so E;, E,) for the
whole particle set of Table 2. Also for single values like the
masses of the 7, the nucleon and the Q(1672)~ calculation
E, provides the worst match with experiment compared
to the other three calculations. But, as already stated
above, its remarkable value is that it demonstrates the
obvious correspondence between the phenomenological
approach of Section 2 and our theoretical ansatz based
on Heim’s theory. It shows that the inverse of the fine
structure constant, as a factor between the strengths of
the electromagnetic and the strong interaction, obviously
plays the role of boosting the mass scale, as suggested by
the cited references (first boost in terms ~ é for n =2,
second boost in terms ~ - for n = 4).

We now shortly evaluate the results given in
Appendix N, Table 3, in which we applied the “parton
number - spin” relation, we explained above. We clarified
already that in this case the “statistical” and real errors
are around twice the values of calculations of Table 2.
It should be noted that the results for several particles
appear to be much worse than in the scenario of Tables 1
and 2, especially for the A,%,E and the Q baryons
(incl. many of their resonances). The very good agreement
with the experimental data for these particles in this
first considered scenario suggests that there should be a
physical mechanism to allow for even numbers of mass
units (partons) also for fermions.

At this point it is time to draw a conclusion about the
hierarchical structure of the “grid” levels n. It obviously
divides the particles into three groups according to their
mass, the electron alone makes up the first group (level
n = 0), all particles in the energy range from ~100 MeV to
~10,000 MeV fall in the group of the second level (n = 2)
and the currently known heavy particles with masses of >
10,000 MeV like the massive gauge bosons, the top quark
and the Higgs obviously belong to a third group (level
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n = 4). An exact energy threshold for the levels cannot be
given, but if the overall model shall have predictive power,
it seems to be clear that the high masses in the range of
gauge bosons and the top quark must belong to the third
level. Empirically, there is a big gap between the heaviest
known (bottom and charm flavoured) mesons and baryons
and these very heavy particles, which supports this
view.

Up to now we have purposely avoided to name the
three levels “generations”, because the grouping which
is clearly suggested by our theory does not comply with
the generations defined or assumed in particle physics
according to the SM so far. There, each of the leptons
together with its neutrino is combined with two quarks
to a generation, depending on the mass (lightest lepton
with lightest two quarks etc.). The massive bosons are
not part of this classification and all other massive par-
ticles are not considered as elementary, but composed of
quarks. Our theory instead is based on the 6-dimensional
space with its partial geometry only. All particles or
constituents (quarks) are “equal” in terms of gaining mass
“from scratch” and are the subject of this mechanism.
Therefore, it is not surprising that we find a different
classification, given by the three levels defined above.
These are the particle generations in our theory. But there
are similarities to the generations of the SM. The electron
clearly belongs to the lightest generation and so differs
from the y and 7. The top quark with its huge mass is
clearly part of the third generation, other than the lighter
quarks.

At the end of this section we want to understand the
role of the non-linearity of our theory for the generation
of mass as the central topic of this work. The non-linear
term in the fundamental equation (30), (31), respectively,
in Eq. (43) for the partial geometry, echoes in the formalism
in the terms b,(k, ), b (k, D), see Egs. (91) and (132). These
again determine the exponent o i and via relation (47) the
number n, which defines the mass levels discussed above.
Ifb s(k, I) becomes zero, i.e. our theory becomes linear for
the considered partial geometry, then «,,, A(k, ) and n are
zero as well and thus the functions y and F, become
constants (see (45) and (46)). This means for our mass
formulae (70) and (71) with n =0 that only the lowest
level O exists, i.e. the electron mass. The masses of all
other particles are “created” by the levels n > 0 for which
the e-function in (70) and (71) becomes > 1. Therefore,
the non-linear term in our basic theory creates the mass
of all particles heavier than the electron. It provides the
“boost” to the higher mass levels n = 2,4 which scale
in their strength with the power of the inverse of «, the
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fine structure constant. Mac Gregor’s boost is explained
this way.

5 Summary and discussion

In this paper we have considered the state of research on
the mass energy spectrum of elementary particles and
investigated, why phenomenlogical formulae like those
of Nambu [10] obviously can reproduce the empirical
data well and whether the theory of B. Heim could
provide a new approach, leading to more insight into this
issue. In a first step we followed the line of thought of
Hansson [2], asuming that the mass energy of a parti-
cle has a local origin, arising from its self-interactions.
From this approach we could already derive a rela-
tion for the mass being proportional to the powers of
1/a with the fine structure constant «, which in turn
agrees with the phenomenological findings of Mac Gregor
([13-18]).

In the main part of this work we adopted the idea
that mass might have its origin in a non-linear theory [2]
and chose B. Heim’s field theory as basis for a concrete
investigation. For this purpose we outlined Heim’s theory
(Section 3) with its basics and properties as a poly-metric
structure theory in a 6-dimensional space. To our knowl-
edge it is the first presentation of this theory in English
language on this detailed level. As a theory of spacetime,
the theory exhibits a natural alignment with the general
theory of relativity (GR). Quantisation is introduced by
a direct quantisation of actions w = hN and with it by
a discrete structure field. From this discretisation of the
structure field, the field being a radical geometrisation of
the phenomenology, follows that spacetime is considered
as a medium with a Hilbert functional space in such
a manner that an equivalent to the metric structure
term of GR arises. Also a smallest two-dimensional area,
called metron, is derived by Heim. The resulting math-
ematic structure of the theory is, similar as Einstein’s
equation of GR, non-linear. A direct connection to the
formalism of quantum mechanics (QM) is only possible
in a linear approximation (as outlined in Appendix J) in
which the Dirac equation can be derived as a possible
solution. This is in agreement with the linear nature
of QM.

The property of interactions comes into play by
Heim’s recognition that the obtained mathematical struc-
ture suggests a 6-dimensional space with two additional
trans-dimensions and thus an overall space with three
segments, the known three-dimensional space, time and
the two trans-dimensions. From this a poly-geometric
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structure theory is derived which, in a systematics of
physically meaningful combinations of partial metrics,
the so-called hermetry forms, provides poly-metric state
functions, corresponding to the Christoffel symbols of
GR in the macroscopic limit. These functions represent
partial geometries which describe deviations from flat
Minkowski-like space, called “condensations” by Heim,
which correspond to the curvature in 4-dimensional
macroscopic space of GR. Different from GR these con-
densations of partial metric states cannot be transformed
away by a coordinate change. They represent forces, i.e.
interactions.

In an own new approach with help of the poly-metric
state functions and the fundamental relation of the energy
momentum tensor to the space-structure-side of the theory,
we derive a formula to calculate energy levels which
are interpreted as the spectrum of elementary particles
(Section 4). Our approach uses both of these ingredients
in a straightforward way and differs in this regard from
Heim’s further development, but bases also explicitly
on a quantised space. Whether the assumptions and
approximations made on this way are all justified, must be
determined by further analysis of the theory, in particular
also by calculation of other observables. (From the theory
a spin and, more speculative, isospin can be derived, see
Appendix K, but they cannot yet be related to the single
energy levels.) It then should also be clarified when or
whether a derived calculation rule, to use the absolute
value of the state functions in the expression for the energy,
is to be taken in general.

The non-linearity of the theory generates a formula for
the mass-energy which provides a discrete spectrum on
several levels. These levels, defined by natural numbers
n, describe a mass hierarchy ranging from the electron on
the lowest level, over the muon and tau lepton and nearly
all hadrons on the second level and finally the top quark
and the heavy bosons on the third level. These levels are
not identical to the generations of the SM, but suggest that
there is a hierarchy in the mass spectrum which shows
a sort of universality, i.e. self-similarity, since the ‘basic’
pattern, running with a quantum number N, is repeated on
different scales (the levels). This is known from non-linear
theories.

Our concrete calculations of the mass spectrum show
a very good agreement with the experimental masses
(average error of 0.43% overall, respectively, 0.85% in a
scenario which assigns bosons to even and fermions to
odd numbers of “mass units” only) when the lowest mass
in this model, the electron mass, is fixed to its empirical
value and the second main parameter in the resulting
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mass-energy formula by a value which corresponds to
that of the half inverse of the fine structure constant. The
latter fact is in accordance with our inital result mentioned
above, including its connection to Hansson’s and Mac
Gregor’s works. The formulae of Nambu, Sidharth and
Mac Gregor can be obtained as limits (for bigger N) or
special cases of our general result. The results of our
‘exact’ calculations (calculations E; and E,) are in excellent
agreement with the data, especially in the area of the
lower masses where the actual error is clearly smaller
than the ‘statistical’ error of our model (see Table 1),
which verifies the predictive power of our theory in this
domain. (The ‘statistical’ error results from the fact that
single values of the running quantum number N cannot be
assigned to certain particles.) The better agreement with
the empirical data in this domain, e.g. for the u, 7, N, 7+
and p, compared to the Nambu formula or to [7, 29], i.e.
approaches with somewhat similar resulting formulae, is
due to the shape of our result (70) with a slightly more com-
plex structure and dependency on two further parameters
which of course also give room for better adjustment to the
data.

At this point also the lower limit of the derived mass
spectrum has to be discussed. In our model we have
assumed that this should be the electron mass and have set
the respective parameter to m,, consistent to the (mainly)
phenomenological results of Section 2. Our model, based
on Heim’s structure theory, has in common with the cited
other approaches that it cannot derive the lowest mass
from first principles, nor the absolute strength of the
boost to the higher mass levels (function f,,,, respectively,
1/2a), since in the absence of natural constants in the
fundamental equation (30), the theory does not define an
absolute mass scale. Heim, however, succeeds in deriving
and calculating a lowest particle mass, which lies very
close to that of the electron, by combining results of his
structure theory presented here with his phenomenolog-
ical approach for a corrected large scale behaviour of
gravitation (see Appendix M, [43, 44]) in the sense of his
principle of equivalence between the geometric structure
equation and the phenomenology contained in the energy
momentum balance of matter and fields. Thus, in an overall
consideration of Heim’s work, one could consider the
electron mass, gauging the mass scale in our model, as pre-
dicted. This of course would require the (here only briefly
sketched) phenomenological part of his overall theory to be
true.

With the electron having the lightest mass in our
model, neutrinos currently cannot be treated in it. In the
sense of Hansson’s model (Section 2) neutrino masses



754 =—— T.Warmann: Non-linear field theory

should correspond to the weak interaction. But a derivation
of the weak interaction from Heim’s field theory is missing
up to now (see below).

On the whole, the value of the presented model and
calculation lies in the fact that for the first time the cited
phenomenological observations seem to be explained by
a more fundamental non-linear theory which also offers
an approach for a unification of QM, GR and the other
interactions — although this theory (by B. Heim) has so
far received no attention, let alone recognition. However,
a lot of open questions remain and some of them can
be connected with some interesting, partly speculative
conclusions:

Heim’s theory is a holistic theory of spacetime and
matter, as matter consists of “condensations” of the dis-
crete spacetime (the metrons). Interactions are implicitly
contained, but not easily explicitly derivable.* Heim
sketched first approaches for (microscopic) gravity and
EM (see Appendix G and Appendix J for EM in the linear
limit), we made a proposal how the gauge symmetries
of the SM (U(1)SU(2)SU(3)) could be explained by the
6-dimensional Heim space (in Appendix C) and drafted a
qualitative ansatz for the r-dependent course of the strong
interaction (Appendix L), but a concrete formalism for
deriving the three gauge interactions from the hermetry
forms and the condenser classes is still missing. Such
an approach should reproduce the known laws of these
interactions in respective limits. Thereby, the nature of the
“internal” degrees of freedom like (weak) isospin, flavour
and colour would have to be clarified, too. The absolute
strength of the interactions, i.e. the coupling constants
will most likely not be derivable from the theory, as the
pure geometric structure theory may not accomplish this.
(In GR the empirical “anchoring” happens in the form of
the gravitational constant as proportionality factor in front
of the energy momentum tensor.)

In our theory we have learned that the exponent
a determines the transition from the composition field
to the field of the particular partial geometry and its
condensation and thereby sets a measure of the respective
interaction. According to our formula (47) @ in turn is
determined by the (mass) level parameter n and by the
function f which obviously is crucial for the course of the
strong interaction in our model, showing that these two
quantities describe the interaction and also the values of
the particle masses (via Eq. (70)).

39 Except for gravity on the macroscopic scale, since Heim’s basic
equation merges into Einstein’s field equation in the macroscopic
limit, see subsection 3.3.
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When in our model, as stated above, the boost to the
higher mass levels is determined by the inverse of the fine
structure constant, as difference in strength between EM
and the strong interaction, then also the masses of the
non-hadron particles, the u, r and the heavy gauge bosons
are generated by this “force”. Why don’t they “feel” the
strong interaction? This issue may once again indicate that
a clear derivation of the interactions from Heim’s theory is
still missing, but also more concretely that the hermetry
forms c and d of the theory should include more than only
the strong interaction.

Can an equivalence be found between Heim’s theory
and Quantum Field Theory (QFT)? This question will be
strongly related to the issue of the interactions and the
way how the linear limit to quantum theory is derived.
It should be emphasised that QFT is non-linear as well,
perturbation theory and Feynman graphs only hide this
property.

If quantum theory, in form of the Dirac equation, can
be derived as a possible linear limit from Heim’s theory
(Appendix J), can the measurement problem of QM be
solved by such a non-linear basic theory? Several attempts
have been made over the decades to solve the issue
([61-69]), non-linear approaches played an important role
(e.g. the Newton-—Schrédinger equation, [61, 62]). Hansson
([69]) suggested that the non-abelian (non-linear) gauge
theories of the SM could be the source of the collapse of
linear QM not only in the measurement process, but in
general, causing different coherence lengths, e.g. between
photons, underlying only the abelian QED, and electrons,
being also subject to the non-linear weak interaction.
Heim’s theory and our model are basically non-linear
and therefore provide such a mechanism to “destroy”
coherent linear superpositions of quantum states. To derive
concrete higher-order expressions from the non-linear
basic equation (30), which add to the pure linear Dirac
terms of Appendix J, could be a next interesting step of
research in this domain.*°

In this context, considering the border between
the quantum and the classical regime, it should be

40 Note that the non-linear term of (30) should carry the same
pre-factor in terms of the imaginary unit i as the first term on the
r.h.s. of Eq. (170) which contains the partial derivations of the 3
space coordinates, provided that both terms would not be changed in
their “phase” in the course of the transformation towards a Dirac-like
equation, as outlined in AppendixJ. As a consequence of the structure
of the Dirac equation, the non-linear term then would carry the same
factor in terms of i as the time derivation in (170), different from the
non-relativistic Newton—Schrodinger equation. This should lead to
damping, similar to master equations with a decoherence term [70].
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noted that in Heim’s theory a quantisation of GR by
means of the canonical formalism is not necessary,
nor appropriate. Heim’s fundamental equation instead
defines the quantisation in his theory and turns into
the Einstein equation in the macroscopic realm (see (17)
and (18)).

Finally, we remind of the fact that rest mass obviously
can be measured without a limit of accuracy, there is no
explicitly known uncertainty principle for it. We conclude
from this work, in agreement with Heim ([43] page 40), that
the reason seems to be its non-linear origin.

Author contribution: The author has accepted responsibil-
ity for the entire content of this submitted manuscript and
approved submission.

Research funding: None declared.

Conflict of interest statement: The author declares no
conflicts of interest regarding this article.

Appendix A: Non-hermitian
spacetime structure in the R,

We summarise the content of chapter 1.3, pages 26-28,
in [43]:

We consider as a general case m > 1 non gauge-
invariant and n — m (n > m) gauge-invariant interaction
fields. For each field a characteristic partial event struc-
ture determined by the field symmetries can be defined,
given through a geodesic coordinate system in spacetime
E(j) = _U)f(j) with 1 < j < n different interactions and 1<
p < 4 coordinates. The unit vectors &' do not have to be
necessarily an orthogonal system. The 4 geodesic coordi-
nates can only be related to the 4 Cartesian coordinates x;
of the empty R, so that transformations Eg)(xl,xz,x3,x4)
exist which must be those of the global Poincare
group.

Regarding the structural properties in the R, the
n fields can be split into the subsets of the m non-
gauge-invariant and n — m gauge-invariant interactions.
The total differentials per coordinate for both subsets
can be written as dz} = ¥/ ldé‘(’) and dz, = Z;’zm +1d§§,j)
So, vectorial line elements appear ds, = szldfz';—’ with
E;—; = Egz;—“.

The vectorial line element in the R, thenis ds = ds_ +
ds_ where in general cos(ds, ,ds_) # 0 holds.

Thereby the metric for z* = (z*)* in the R, becomes
ds? = ds2 +2ds +d§ + ds?, or with the definition of total

differentials dz*+ = %2 dxi
p oxi
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4 0z} oz}
2 _ =+ = k (1) k
ds’ = . ; q+0x‘ ax’f(dx‘dx =g, dxidxk,
4 0z} 9z
2ds,ds_ =2 Z €re, E = dxidxt = (2 didxk,
- P ax’ oxk
p.g=1 (72)
az 0z-
2 _ k_ 50 k
ds? = peq o Bx{?‘ dxidx =g, dxidx
p.a=1
or ds’= (g(l) G’)dx’dx" = gy dxidxk,

The coefficients of this homogeneous quadratic dif-
ferential form g(ﬂ ) or gj are tensor components, namely
in relation to the invariance against the global Poincare
group. They are field functions of the x; of an empty
R,. g4(xq, X5, X5, x,) is the field of the fundamental metric
tensor which designates the allowed event structures of
the R, in an invariant form which correspond to that
material structure phenomenologically represented by the
Ty # Ty

The symmetry of gV = gt 0) = g0

ik = gkl and glk = gk
ately evident, while g(z) # g(z) proves to be asymmetric so
that g;, # g, overall is asymmetric as well.

So, in the R, a non-hermitian fundamental metric
tensor of a general Cartan geometry holds asa consequence
of a geometrisation of general interaction fields of matter.
Because of their non-hermiticity and being tensors, T,
and g; each can be split into a hermitan (‘+’) and anti-
hermitian (‘=) part, Ty = T} + T, gy = g5 + & Where
the index + of course no longer relates to the z;*, but to the
sign of the hermitian conjugation.”!

is immedi-

Appendix B: Derivation of
equation (17) according to Heim [43]

Subsequently we reproduce the content of pages 37-39 of
chapter II.1in [43]:

As stated in Subsection 3.3, from the discretisation of
the structure field follows that the spacetime R, must be
considered as a medium with a Hilbert functional space,
i.e.aconvergent state function (field) q’)ﬁ(m of the metric state
of spacetime must exist and a hermitian state operator C,
acting on ¢, = in such a manner that an equivalent to the
metric structure term arises C,¢} — Cpl"}'(m = R;'(mp. This
finding shall be derived hereinafter.

41 In general, a tensor can be split into a hermitan (‘+’) and anti-
hermitian (‘=) part by A = %((A +AX)+ (A - AX) = %(AJr + A7)
with A* being the adjoint of A. From the defintion of A* and A~ follows
that (AT)X = A" is hermitian and (A~)* = —A~ anti-hermitian.
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While theI™ }m do not have to be convergent, for the d)j{m
convergence can be achieved so that a spacetime integral
of the form is ];'(m =/ ;(m B dQ < oo, which allows the
normalisation J; =1. But this convergence in general
gets lost in the transition d);'(m - Fikm into the macroscopic
continuum. So, the convergent d)}an describe the metric
but non-hermitian state of the R, in the microscopic realm
and continue according to the principle of correspondence
as not necessarily convergent F}'(m into the macroscopic
continuum of the R,. Therefore, in the microscopic R,
there must be 1 < p < 4 hermitian functional operators C,
which separately act on the ¢, ~so that for each index
p holds

/((d)(p))xc(p)d)(p) ¢(P)(C ¢(P))X)dQ 0. (73)

The functional operators act on the ¢7 as C,¢,
so that in the transition into the macroscopic contin-
uum, beside d)j( — F}(m, the action of the operators gives
Cqufm — Ry, the metric structure tensor. This transition
means at the same time that the discontinuity #; from
(15) goes over to the steady function wwny — Ty — %gikT
(up to a proportionality factor). Then Ry ~ wyy fol-
lows, as Ry = a(Ty — % 8 T) = aWy. On the other hand
Cpdy = Ry holds, as stated above, so C,¢; — aWy,
can be set.

Now a W, can be constituted as a sum of 4 parts (cor-
respondent to the summation over p) aW,,, = Z;’zlG( km
which differ in their type (j). Ordered in away so thatp = j,
we get C(p)qﬁffr’i = Gyim- Due to the quantum principle c.
the G, can be described by state operators of a state
space (as a subspace of the abstract function space) in
the same way as the q,’)ﬁ(m whose state functions y can be
interpreted as probabilities (of future possibilities). The
respective hermitian linear operators of this state space be
H ;{’,2 and Lg{’r’i with the eigenvalues h;fr’g = h;{fg* and 15513 = l;{fg*
and the state function y, for which the normalisation
[ wy*dQ =1 holds in terms of the probability interpre-
tation of quantum theory. Therefore, when transferring

to the microscopic realm, G,y — Hl(fr’n)w = hgr)lt// and
d)l(clr)r)lw - L(’fr)l V= l;(fr)l Y is to be set.

In contrast, in the macroscopic area ¥' = —Fi
holdsand duetoI’, — ¢i also ¥ — d)’ i, Integrals

of the form / ¥dx! are always proportlonal to energies
which holds microscopically, too. Also, a metric struc-
turing of the R, will require energetic effort so that
Heim heuristically conceives H]((’r’n) ~ Ll(('r’r)[ in terms of H,((fz =

(p) .
Ak, m)kan . With
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H(I‘J Py = Ak, m)L W = Ak, m)l one gets

0= / W Hy — y(HDy))dQ

= (A e L) = (A (e, LPY*) / “dQ

(74)
which because of / yy*dQ = 1and Igr)! = l;(fr)l* can only be
fulfilled by A, (k, m) = (4(,(k, m))*. So, the 4, obviously
have the property of eigenvalues, too. For the transition of
the G, into the microscopic realm therefore holds

Gy = HIEIrZW = Ap(k,m)L p)l/’ A (K, m)(pgr)zw’

thus G(p)km i A(p)(k, m)(l)gf:r)l (75)

On the other hand the transition G, — C(p)¢§5;
holds (see above), which provides C(p)d)gg = Ak, m)qbgz
i.e. Eq. (17).

In this system, the /1p = /1;; # 0 are eigenvalues
which build discrete point spectra. The indexing (k, m)
at the eigenvalue symbol /lp (k, m) refers to the associated
structure (state) function q’)fm. So, C(p)qbgz = Ak, m)d)ﬁfr’z
indeed fulfils the empirical quantum principle c., but, as
stated in Subsection 3.3, the q’)fm cannot be interpreted
as probability functions, since the operators C, act (due
to C,¢; = Ryy) as functional operators in terms of non-
linear connections so that the solutions (as metric structure
functions of the R,) do not superpose additively, which
is the precondition for the probability interpretation in
quantum mechanics.

Appendix C: Dimensions
and symmetries

C.1 Heim’s dimension formula

Here we summarise the results of [43], chapter II.1, pages
45-46 and 48:

Heim derives his dimension formula in the following
way: From relation (20) for the eigenvalues A,,(k,m) =
An(m, k) = 0 follows that 2n? values are zero, n being
the dimension of the considered space wherein n values
are double counted. So 2n? — n different are zero which
have to be subtracted from the n? eigenvalues ﬂp(k, m) in
total. Thus the number of non-empty values amounts to
z=n?-2m+n=n(n?*-2n+1)=nn-1)>~

Next the further diminution of the non-zero
eigenvalues by the property /lp(m, m) = 0, described in



DE GRUYTER

footnote 13 of Subsection 3.3, is taken into account, which
means a reduction of n?> — n (no redundant counting of the
An(m,m)) so that the overall number of non-zero values
becomes

r=z—-mW-n=nh-1-n+n=nh-1)n-2)

o(2)

To find a mapping R, —» Ry with N > n > 0, r must
be equaled to a quantity N> — aN, where a = const >
1 is a still variable factor. For the resulting quadratic
equation N> — aN = r one gets the solutions N,=a/2+
\/7+ a?/4 and can set @ =2 to ensure a whole-number
result for N. Thus

(76)

N=1++r+1, r=nn-1)n-2), 0<n<N
77)
In this dimensional law the number r + 1 must be a
square number in order to obtain an integer N. For the R,
i.e.n=4,wegetr+ 1= 25andforn = 6,r + 1 = 121 which
provides N(n = 4) = 6 and N(n = 6) = 12. Therefore, the
R,, according to R, - R, — R;,, can only be the subspace
of a R, or R;, while all other possibilities must be excluded.
Heim first of all chose and analysed the lower dimensional
case, the R, and founded his theory, as elaborated in [43,

44], on it.

C.2 Later expansion of the model space

Later Heim and W. Droscher also considered the R,, space
and came to the conclusion that the additional 6 coordi-
nates x; — x;,, which do not contain or transport energy
(this is restricted to the first 6 coordinates x; — x¢), can be
grouped into two further subspaces, I, of the coordinates
x; and xg and G,, containing the coordinates x, — x;,. In
a longer analysis, published in an additional chapter IV
5. “Background and Sources of the Quantum Principle”
(translation by the author) in [43], they concluded that
the I, is to be considered as subspace of two dimensions
containing information. The remaining subspace G, can
only be assigned with a length, no more can be said
about it. In their concept, the I, subspace causes that
observables in the R, can only detected with uncertainty
and probabilities. They speculate that the quantum theory
could be interpreted in a way that its sources lie in the
G, with timeless structures which become effective via the
mapping chain

G,(xg, ..., X)) = L(X;,xg) = (X5,%) » x, — R; (78)

so that quantum structures, changing in time, manifest in
the physical R; space of the universe. This highly abstract
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model is based on formal and physical considerations
about the dimensions space, including the cosmological
part of Heim’s theory, and has been continued in Heim’s
third book [71] (with the assistance of W. Droscher).

In the eyes of the author it is not a priori clear that the
extended model of the Ry, or the Rg (R + I,(x;, Xg)), which
Droscher/Haduser use in their ‘Extended Heim Theory’
([45-49]), is better capable to explain the existence of the
quantum world than the R,. As stated in Subsection 3.3,
already the R, (via the trans-coordinates xs, x;) leads to a
world with an open future and together with the existence
of binary alternatives to the abstract quantum theory (see
[54] and the further arguments in C.3).

Another question is whether the ‘Extended Heim
Theory’ will be able to provide more specific answers
with regard to the derivation of the known interactions.
With the 8-dimensional EHT Drdscher/H&duser presented
an approach which provides 12 [45], respectively, 15 [47]
hermetry forms and thus a much bigger set of partial
geometries than the original Heim theory. They assign
the combinations of 4 subspaces (the three K ;) of Subsec-
tion 3.4.3 plus a fourth subspace (K(4)) of the coordinates
X7, Xg) to matter particles, respectively, interaction bosons
and suggest that the transformation from the partial
geometries to Lagrangians could be accomplished by
the non-linear sigma model [72]. However, as far as we
know, they have not yet published concrete derivations
on this basis, but refer to the known Lagrangians of the
gauge theories of the SM [49]. To map to the known
forces still seems to be easiest for the electromagnetic
interaction. Here the metric can be well approximated by
S = ggc) ) 4 hy, where gg: ) is the flat metric of the Euclidean
4-dimensional space and the h; are small quantities
whose products are negligible. The derivation in [46] gives
a result containing the expected terms with the vector
and scalar potential of EM, but also an additional tensor
potential which is not present in classical electrodynamics.
It remains unclear, how a mapping can be derived for the
strong interaction where a similar approximation does not
seem to be reasonable. Currently neither Heim’s theory nor
the EHT can present an elaborated mapping to the weak
and the strong interaction.

C.3 Heim space and gauge symmetries

(Consideration of the author, not by Heim)

The existence of binary alternatives can be modelled
mathematically easiest with the SU(2) group. The relevance
of this group and symmetry in the physical R, can imme-
diately be seen from the symmetry of the Lorentz group,
valid in the Minkowskian R,,, which islocally isomorphic to



758 =—— T.Warmann: Non-linear field theory

aSU(2) ® SU(2) space with 3 generators of spatial rotations
and 3 of Lorentz boosts.*?

In the 6-dimensional case of the Heim space the
symmetry of the R, defined by (22), should be locally iso-
morphic to SUQR) ® SU(2) ® U(1) ® U(1) if the dimensions
x5 and x4 are distinguishable from each other (which they
are in Heim’s approach) and follow a U(1) symmetry, i.e.
can be rotated in the complex plane, but without a change
of the length (radius).

We compare this overall symmetry to that of the SU(3)
which is an eight-dimensional compact group. A parame-
terisation of the SU(3) can be obtained which matches a
duplicated structure of the SU(2) ® U(1) groups, see [73,
74]. Such a structure is called Cartan decomposition:

D®a, f,7,0,a,b,c,d) = DP(a, B, y)el*s’ D@

X (a, b, c)el*s® (79)
D® denotes an arbitrary element of SU(3), and D is an
arbitrary element of SU(2) as a subset of SU(3). The 4;
are 3 X 3-matrices, therefore also D® and D? are 3 x 3-
matrices. The two exponential functions e%? and el%s®
describe the two U(1) manifolds as subgroup and coset in
SU3) [73].

Thus, we have shown the local isomorphism of the
6-dimensional Heim space to a duplicated structure of the
SU(2) ® U(1) and, via these, to the SU(3) if the “trans”-
dimensions x;, x, follow a U(1) symmetry. This finding can
be used to conclude that the 6-dimensional Heim space
carries a symmetry which contains a SU(2) ® U(1) as a
subset, i.e. the gauge symmetry of the electro-weak inter-
action, and furthermore the SU(3), the gauge symmetry of
the strong interaction (according to the QCD).

In a similar way, Gornitz and Schomacker deduced
the gauge groups U(1), SU(2) and SU(3) as structures of
these interactions [73]. But their starting point was the
abstract quantum space which, according to [54, 73] (and
citations therein), carries a U(1) ® SU(2) symmetry. The
electro-weak interaction, acting on real particles/quanta,
directly can be derived from this. Concerning the strong
interaction, they argue [73] that it only acts on “virtual”
quanta, the quarks and gluons, never detected as free
particles/quanta, and draw the analogy of the transition
from real to complex functions in quantum theory, a
“duplication” of real functions, to conclude that a duplica-
tion of the U(1) ® SU(2) structure is necessary to describe

42 Remember that Varlamov bases his approach for a particle mass
spectrum on the Lorentz group symmetry of spacetime [7].
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these “virtual” quanta and their interaction, providing the
SU(Q3) (in an analogous way as above).

This derivation now suggests a further connection,
viz. that of the 6-dimensional Heim space to the space
of abstract quantum theory. A duplication of the sym-
metry group of the quantum space seems to lead to
Heim space — which could mean that the 6-dimensional
Heim space includes quantum theory and that it doubles
already its space and so accounts for interaction which
always “implies a division into separate spaces, ... since
ultimately the term ‘interaction’ is useful only for things
separated from each other” (to quote [73]).

Appendix D: Further contractions

of R;(mp

We recap the content of pages 66—67 in chapter I1.3 of [43]:
Beside the well-known contractions of the Rieman-

nian curvature tensor, the Ricci tensor R;,,, = Ri’mp and the

curvature scalar R = R;j, there is a further possibility to

build a trace withi = k,

—TX

km,p

ko _rk k k L
kap - ka,m + l—‘msl—‘ip - I_‘psl—‘im =B _BIJm

(80)
with B,,,,, = 0. Refering to Eqgs. (26)—(28), this antisymmet-

ric tensor arises from the trace

mp =

€Tt {Dmp = Bup O AXTr{Dyp = By (8

mp mp*

Because of B,,,=0 and B,,— 4,(k,m) { k’;n }
also A,,(k,m) { k’:n } =0 holds and thus Tr (71 xTr{}) =

AT {A} = 0 in Heim’s compact notation. In the hermitian
R this can generally only be met by cos(4, Tr { }) = 0,i.e.by
the orthogonality LT {A}. Due to the transition Tr {A}m =

{ k’:n } - Fim in the macroscopic realm this orthogonality

can be further interpreted. With the theorem {kl:"} =

= 1Ing= axim In w (see [52]), g being the determinant
of the metric tensor in the R, and w = y/—g (compare
Subsection 3.3), we can write

LT {} - V, In w. (82)
This relation states that the 1 are always perpendicular
to the gradient of the logarithm of the functional determi-
nant w in the Rg.
Heim additionally considers the contraction R]’:’mp of
the Riemannian curvature tensor, yielding the negative
Ricci tensor R]Tmp = —Ry,. With this contraction another
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transition, beside the one of Eq. (26) et sqq., C, { k’:n } =
Ap(k, m) { kI:n } — Ry,,, can be achieved:

o) =hiem (1) = -5,

Heim speculates that this further relation could have
a physical meaning, too, and interrelates it to a virtual
spectrum of discrete structure levels with a curvature
measure (condensation) of opposite sign, instead of the
real spectrum, represented by (26) et sqq., with a positive
curvature measure (condensation). If this corresponded to
the microscopic properties of the R, then real and virtual
states of structure levels could interchange as temporal
oscillations and establish a dynamic equilibrium of per
se non-stationary microscopic structure fluxes (of con-
densation) in case of stability. Heim relates this possible
picture to the perpetual exchange mechanism, which he
calls condensation flux, referred to in Subsection 3.5.3. He
further speculates whether notions like vacuum polarisa-
tion, virtual terms and the empirical Casimir effect could
be interpreted by these fluctuations in the microscopic
realm.

(83)

Appendix E: Structures and metric
tensors

E.1 Partial structures from the
phenomenology of the R,

Ananalysis by Heim in [43], pages 69—74, of the structure of
the energy momentum density tensor Ty, in the R, will give
us some insight how T;, can be composed of the empirical
physical fields in the macroscopic realm:

The canonical energy density tensors in the R, can
always be written as iterations of field tensors. So, it
is obvious to also set Ty as the iteration of a unified
field tensor M in the R, in the macroscopic realm,
Ty = Zileivak, and to determine the M; from the
phenomenologically known Ty. As Ty = T}, it can only
be M = £M;.. In the empirical domain of EM (d1) M is
given by the field tensor F (E, ﬁ) = —F* with F,,,, =0 in
the R,. On the other hand, a photon (as gauge particle of
EM), although with zero rest mass and imponderable, must
be attached with a field mass through its energy. Therefore,
the spatial gravitational vector fields G and i must exist
for a photon, too, and in a form that the spacetime segment
of M, My, — F for G — 0 and ji — 0. From this, it could
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be concluded that clearly M = —M* holds with M,,,, = 0.
The ( ; ) = 15 components of the uniform field tensor M of
a photon in the Ry are linearly composed of the spatial
vector fields E‘, fI,Z} and }i, according to the empirical
principles d1 and d2. Here, the field energy=mass of the
EM field is to be considered as the source of G and i.
But field source and field are always a unit so that an
additional field K must be conceived which accounts for
the coupling between the EM and the gravitational field
structure. So, M is composed of 5 spatial vector fields
whose 3 X 5 components can fill the 15 components of
the R, tensor. These 5 phenomenological spatial fields
which define the My = —M;; with M, = 0 build three phe-
nomenological groups of phenomena, namely (E“ . H ), (é, 1)
and K.3

E.2 Composition metric tensors per
Hermetry

Referring to chapter VI.1 of [44], pages 80—81, we state the
concrete form of the g™ which correlate the partial metric
structures per Hermetry, and start with the form d in which
all partial structures are active, i.e. “condensed”:

(11) (12) (13)

g § §
g(d) = g(Zl) g(22) g(23) (84)
gy B 63

The columns and rows represent the structure units
indexed with y, v in (38). On this “super” tensor so-called
sieve operators S[n] can act which make the structure units
in (84) Euclidian:

g(ll) @ g(13)
g9 =5g=|x® E O (85)
g(31) PRE) g(33)
g(u) g(lz) D
g(b) =503)g = g(Zl) g(zz) @ (86)
D L@
g(ll) PROI
§9=523g=|(xY E E (87)

0 E E

43 The speculative postulation of an additional new field is currently
not backed by direct empirical hints, but otherwise its existence
cannot be excluded a priori. In the context of a 6-dimensional theory
it should not be astonishing that so far unknown forces (fields) come
into play. The gravitational Meso field i was already the first “new
physics” conceived by Heim in the frame of his theory.
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Appendix F: Solution of the
hermetric fundamental
equation (30) and further relations

We refer to the calculations of chapter IV.2, pages 196205
and 211 in [43], but apply directly normal differentiation
and integration which is valid for Heim’s third area of
validity, considered here.

F.1 Solution of equation (30)

Based on the relations for the coefficients a;,, of subsec-
tion 3.4.4 and on {} = {}* being hermitian, it directly
follows { ! }={

i m and thus the system of sym-

metry relations aml{ i }— a,, { H} 0 or as propor-

tionality {m’m} = aﬂ{ } So we have two systems of

I
proportionalities at hand, the last one and {”lll} =

am,{ i }, already introduced above in the cited sub-
mm

section. We can use them to substitute in the general
equation (30) so that uniformly only the covariant com-
ponents k,l are related. The mixed-variant sum over

s in the quadratic term runs in 1<s <g, as only in
this interval zero factors {;p} =0 do not occur. So,

we get

i _ i\_as Ji|l_a )i h
15} als{”} alk{lk} alk{kl}’ s
_ Qs Gy | T S -
= a ay { kl} { y } Similarly follows
Pl a Ul _Gns | T\ _ s @am J 1
ms ™\ mm A \ km e Qg LKL S~
(88)
Inserting into (30) gives
<“kma, p ) { i }+ (azakm_%akrn>
2% ki A A Ak Ay
i S
X{m}{m}
i
= A,k 1 .
im( s ) { kl }

With the abbreviations ak"’ =a (k l) and :IS ikm
Ik A
ns Y — P s(k l) Eq. (89) reads

Ak Ak

(89)
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(@, (k, D0y — ){ k,} + bus(k, ’){ }{Zz}
= A, (kD) { kl}

If we now sum over the hermetric index m and use

the further abbreviations a(k,l) = fnzlam(k, D), by(k,l) =

g bms(k,D) and A(k, 1) = X1 _ A,(k, D), then we get with
a(k, o, —

?n:lam = (a(k, l) - l)al - qu’:lam

S
((a(k,z)—l)al—néam> {k,} +by(k. D{ } Lo
_ i
_/l(k,l){kl}.

This equation can be multiplied with the coefficient
b;(k,I) and summed over 1 <i < g, leading to covariant

b = bk, D) { : } As

bk Db, D {4 {2} = k0 { ) bt {2 h =
<, holds, Eq. (91) becomes

(90)

(91)

selectors  (tensors) further

((a(k, D—10,— Y 0,

> ¢kl + ¢i1 = i(k, l)¢kl‘ (92)
m#l

With the normalised orthogonal system of the g
hermetric coordinates é;¢, = ; and d,, = €(a(k,) — 1) —
Yo #,Em Eq. (92) can be written as

akﬁqd’kl = Alk, Depyq — d)il
_1 (200 Y
= Z,p(k, ) <1 ( Mkf’l) 1) ) (93)

with V o being the gradient in the g coordinates and having

reformed the r.h.s. so that a variable u = +( ,12(?5) 1) can

be introduced. If we furthermore apply an inverse of

the (@y)~' = @,;' and multiply with the differential dx =
Zizleldxl we get
-2 1
dx V,u = 2—/1(k Ddxa,'(1—u?)

. _
=5 4k D1 u2); dxi(a;);

=+ Ak, D1 — u?)dNy (94)

1
2
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with dNy = 1 37 dx;(a;!).** Having a total differential

on the 1.h.s. we can transform to

du
1—u?

- %A(k, DAN,,

or with the primitive on the L.h.s.

1+uy _ 1
7d In (1 i u) = 2 A(k. DNy (95)
Integration gives
In ( ! t u) —In Cy = Ak, )N, or
(96)
1 f u _ Cy e AkDNy

with the integration constant C;;. With the definition of
Vi = ¢/ Ak, ) and u as above we can write for the
negative branch of u

u=—(Qw,—1), whichgives
1+u _1-2yy+1_1-yy _ 1 _,_ Cg A0,
l—u  1+2y,-1 Vi Vi
97)
This finally gives the result
Wiy = (1+ Cyy e kDN~ (98)

which is already close to Eq. (32), but we still have to
evaluate the N;; and consider the positive branch of u. After
an analogous calculation as (97) this branch gives the same
result as (98), but only with an inverse constant 1/C;; in
front of the e-function. With a value of C;; = —1, found in
Appendix G, this does not make adifference to (98). For the
Ny holdsNy; = —x akl =x! ex akl ! with x being the absolute

value of the q-dlmensmnal ‘position” vector X asin Subsec-
tion 3.4.4 ((32) and following). Note that the unit vectoré, =
7+ ig) /y/r2—E%isin general a complex-valued quantity.
With the aggregations Z,d A(k Da', respectively, ey =
15 al= =, e, (elalk,) — 1)~ i
the angles of the 6-dimensional X in the unit vector €,, we

Ay — Y mu€m)> Which contains
get

44 The factor 1/q results from the fact that in the step from
equation (93) to (94) we fragment the scalar of (93) into g parts,
which requires a division of the r.h.s. in (94) by q.
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Ny = €yx, andso

o1 (99)
Wy = (1 +Cy e"lkl") = (14 C e AlkDewxy-1

which provides the result stated in Eq. (32) when denoting
Ak, Dey = Ayy. We shortly want to note two important
properties of the solution:

The extrema of (99) can immediately be derived
from Eq. (92) as if the partial derivations become d¢; =
0, then q’)il = A(k, D¢p,; holds which gives the solutions
¢ =0 or ¢y = Ak, D), or expressed with y, y; =0 or
Via = 1.

The second point is the question whether the general
covariance of Eq. (30) and its solution can be shown
(which was not explicitly considered by Heim). For this
we realise again that the solution of Eq. (92) solves (30)
and that we get the expression A(k, l) = A(k, )*y; on both
sides of (92) when inserting the solution (99), respectively
(98). This expression depends on the coordinates x; only
0A

in scalar form which means that it transforms as o=
i

ox L . .

0—337‘4 due to the derivation chain rule, i.e. transforms
i j

covariant.

F.2 Calculation of the metric tensor

Next, the metric tensor in the R, shall be calculated from
the result y ;. To achieve this, Heim derives from y; =

bk [ i
Alk,D) { kl } (32) that

q . > .
- b, D)\ [ i bk,D)- [ i
Vi <Z; € 20, D )e’ { kl} CURAL S
and thus, by summing over the indices k, [, he defines a
component

Ak, 1) d { i }
Vi = .
: k,12=1 ki
With the abbreviations ZZ=1gik = g;and Z” 8i=
and with the well-known relation between the Chr1stoffe1
symbols and g;, (see e.g. [52]) we get*®

(101)

45 g may not be mixed up with the determinant of g; . Different
from Heim, who uses the symbol y; for the metric tensor (structure
selector or fundamental selector in his terminology) to express that
it has a different mathematical character in his first and second area
of validity with finite metrons, we keep the notation g;, of GR which
makes sense in the third and fourth area of validity which we consider
only.

46 As always, if not defined explicitly differently, it is summed over
identical indices.
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q ke 1 >
. Ay = Ak, Da;t
W, =g k= g M Mg
-3 ()
1 . q
= ingZ (0r 85t + 918ks — 95811 /d/‘ Vi = /de g¥u
k=1
1 9 1 < — % -
2g15<26kgs+201gs sg> :q;/(l‘f'ckze K ) dx,,
/ =

i - i\t _ —ZApXp -
— %gls <2<Zak> gs_asg)‘ (102) /<1+Ckle klx) dXs_ (1+Ckle ? > dxs

k=1
=2 ApXp—AsX 1
Summation over i gives (with d = ¥, 9,) = / <1 +Cue ™ > dx
q 1 —m—1
=— [(Q+e™)d
D 2w = Z g°(20g, - sg)z g Ag / ( S
i=1 i,s=1
1 e
= dn
q
A / en+1
= )’ 640208, — 058) s
ls=1 _ 1 / d(e” +1)
q A er+1
= (20,g, — 0.8,)
s,kzzl kEs ~ OsBi = % In(e"+1)+c

S

q
akg — i elk’X
sg::l s pa In | By Cy +1
q (106)

q
=0g= ZQ&‘, or 214 (Qy;8;—08) =0. Here we used the substitution 7 = —InC;, + 2pusApXp
=

AgX,, introduced the integration constant By; and partially
(103)  suppressed the indices k, I. The integral / dyu w; now gives

This leads to . . -
Alk, D) 1 ehuX
q duy; = —In | By| — +1
=3 08 _ Z* Vgl / ’ ;‘1 qbi(l,z); Ag ( “( Cu
i B (107)
s - 25, where the sum over the 1/4; and the argument of the In
=ZVlng = Ving= 62 Vi (104)  an be further evaluated as
withZ =Z1 = >, éx- Here we have made a similar step as 1= Ak, D) 1 B )
in (94), i.e. fragmented into g single equations through ™ g alk,h—1 77 ’
the gradient, thus the factor 1/q appears on the r.h.s. q
Multiplying with dx and defining dy = dxZ/q = ¥, dx;/q = 2 % = Z l (ak,) —1—(g—1))
gives =1 s (kD)
o k,1 ,
4%V ing =2duy, dlng=2duy, /1(k plated—a)
i i = A, : - Tk
and afterintegration g; = A; exp <2 / du y/]> , Ce ii_ 1 _ L = eCL 1=y,
the A; being constants The exponent is Vi K (108)
/d,uu/l—z/du { } }*(kl /d leading to
k=1 ki=1 bi(k, D
(105) .
The integral in the exponent can be further evaluated / duy, = Z a(li(’llz;q In < By ) (109)
as follows, at the same time using the abbreviation k=1 i(k.D 1=y
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With ¢;(k, 1) = (a(k, ) — q)/b;(k,]) the contracted met-
ric tensor becomes®’

By
4, ezklz_ kD) 1n( H)

q —2¢;(k,l)
—A <1 —Yu )
1 ’
k=1 Byq

or with the explicit form of the y;

o AR 26i(kD)
2 ik = 4 H By| —=— +1 . (1)

k=1

(110)

F.3 Relation for a condenser anti-hermetric
in the contravariant index

Finally we want to give a relation which Heim derived for
a condenser (Christoffel symbol) which is anti-hermetric
in the contravariant index. According to the anti-hermetry
conditions as given at the beginning of subsection 3.4.4,
all condenser components with covariant anti-hermetric
indices vanish. This does not hold for a contravariant
anti-hermetric index. But due to the cited relations the
coefficients b;_;(k, I) are not defined in this case. Nonethe-
less, a solution for the non-vanishing contravariant anti-
hermetric condenser components can be obtained in the
following way:

If Eq. (30) is summed over index m, giving (91),
and the contravariant index i = 7 is anti-hermetric, then
due to by(k,1) { lfl} = ¢y = Ak, Dy, (with sum over the
hermetric index s) it follows

> {kl} Alk, D1~ "’k’){lz}

(112)
with y; being the solution of the hermetric problem
according to (32). We use again the vector d;, and the
transformation to g equations with the gradient

Vin{ )=
anfal=g

{u)=2

((a(k D-1)0,— Y0,

m#l

/l(k I)a 1—wy) or
Ak, D' (1 = yy)dX,  thus

1 €Xp ﬂ(k l)a (?—/u/kldk’).

(113)

47 These results were not explicitly specified in [43].
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Appendix G: Analysis of Hermetry
formsaand b

Here we summarise the main content of chapter IV.3, pages
212-225, in [43]:

In case of the form a, which we want to consider first,
the general line element x> = Y)7 x? becomes x? + x; =
—¢?as x, and x4 are imaginary. According to the analysis in
Subsection 3.4.4 there must be discrete point spectra A{ for
a condensation with a lower limit £ > 0 for {, as otherwise
there would be a continuous spectrum, contrary to the
meaning of condensation. As only x; and x, are involved,

EIREY

and { . 6} which are, as explained in Subsection 3.4.4

there are only the condenser components

and Appendix F, interconnected through proportionali-
ties so that we can define ¢ = o } ¢ Ja= {5’6} and

@ib/a = {6’6 } If we further set A, = 4¢(5,5) and 4, =
As(6, 6), then the relations a/llg, = (05 — ad6)g, — %fiQG
and b/lzgl_ = (0 — bas)ﬂ- - %ﬂ?s are obtained with the
factor & = ab — 1. Using the abbreviations 4 = al; + b4,
and Q = ?5 + ?6, the in total 4 relations (i = 5, 6) can be
added, providing /lqﬁ =—(b—-1)0 + (a— 1)06)(]5 - fqb

Now, it can be assumed that qb only depends on the two
coordinates in the form ¢(x5,x6) = ¢(&) with the new
variable &, deﬁned via the substitutions xs =x(b —1),

d
=yla—-1) and —= + —d) =2 and thus not to be mixed

dé
up with 5, as deﬁned in the other chapters of this paper,
and with ¢ = %qﬁ yielding the equation

‘if +¢' = -4, (114)
which formally holds for 4 = —4, too. The equation can

easily be solved by separation of variables, leading to
the result ¢ = A(1— %e"w)‘1 with C=1-Cy=-1 in
Eq. (32), fulfilling the convergence requirements.*® As &
is imaginary, the eigenvalues which provide a maximum
of ¢(= A) correspond to those of the general problem
described in subsection 3.4.4 ([43]). But, as the hermetry
form a describes terms in x; and x4 outside the R,, a
physical interpretation seems to be impossible. It is only

48 Heim does not explicitly state which convergence requirements
should be fulfilled. But, as the above choice for C, Cy; is the only way
to achieve a course of ¢, respectively y;;, which converges against co
for £ or X — 0, his way of thought is obvious. It seems clear that the
strength of condensation should increase to infinity for zero distances
in a “curved” space. Note that it always remains finite, since there is
a smallest distance, defined by the metron.
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conceivable that the structure a has an impact on the R,
if £ depends on the coordinates of the R, in any form.
This is the case if the structure a fulfils the condition
of a null geodesic, because then the R,-sector of the
fundamental metric tensor is pseudo-Euclidian (due to
its anti-hermetry) and the metric quantities of a, for
ds? = 0, depend on the R,-coordinates. So, even if a is
not directly physically explainable, its effect on the (anti-
hermetric) R, can be analysed. Heim therefore undertakes
an analysis of the condensers (Christoffel symbols) and the
metric tensor components gy, i,k = 5,6, using the alge-
braic properties gy = g, div ¢ gy = 0,*” and derives the
equation

Ady _

2
dz"’—l(d"’> Sae =0 (115)

dé&2 4\ d¢

withy = Ingy; + In g, giving the solution g5 g4, = B(1 +
Ae‘g‘f)—‘*, A and B being integration constants. Carrying
out the step to a null geodesic, this means ds?> = dr? +
dé&? = owithdr? = Z[,::ldxi ordé = idr. (115) then becomes
an equation in the R, spacetime

dy _1 <dw> N
drz 4 \ dr
For the further consideration the quadratic term
(dy /dr)? can be neglected (as it describes only interactions
between similar null geodesic processes in the R,). The
remaining equation can be solved by the approxima-
tion d’/dr’ - ¥,_,0° /0x; and by the separation y =
IBwx,), 1 < k < 3. After a somewhat longer calculation
(see [43], pages 219-222) the following result is obtained
withR = Zizlxi and x, = Ct

i )'2
wWR) ~ (1+Ae?Rye aRPR with p= ﬂa— é’

a being the separation constant,

9O ~ Bo(1+F)e 4 with F=Ae* and

\F
Kk =iCy/A2/16 + a,

the remaining constants being constants of integration. As
y is a state function, it must converge, i.e. lim; p W =
lim, & limp , w < oo, which is fulfilled by the spatial
function w if Ref = 0 and Img > 0, because only then
w becomes a complex periodic function. This provides
a constraint for the separation constant a < 12/16. The

idy _

. 11
2 dr 0 (116)

117)

49 giving amongst others dgs; /0x> = 0gg. /0x° = 0
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run of 9, however, is determined by C which in the
anti-hermetric R, can be C = ic (with c the velocity of light)
in the case of an Lorentz invariant Euclidian spacetime
R_, or can be a real value C = w. The case C = ic gives
lim,_ . d = oo as can be seen from (117), which means that
the R_, cannot be the anti-hermetric spacetime of the a
form and the null geodesic process of y cannot appear in
the R, as an electromagnetic radiation quantum (photon).
In the real case C = » (R,,) 9 instead becomes a complex
oscillation law so that the convergence lim, 9d < oo is
fulfilled. So, the anti-hermetric realm can only beaR,, in
which only gravitational actions can be present. If the x;, x,
appear in the connection x§ + xé = —{?, and the world
lines of the a hermetry form are null geodesics, y obviously
causes a gravitational disturbance. As the A are discrete
spectra in the a hermetry, too, these advancing gravita-
tional fields must have the character of discrete quantum
levels as well, which therefore are identified as gravitons
by Heim.

In the Hermetry form b, the coordinates x,,x; and
X¢ are hermetric, i.e. all three imaginary coordinates,
and this means that an analogous formalism as for
the form a exists. So, the respective state function
becomes

p) —4
v = In (84 855 8¢¢) = In <B (1 +Ae—5~f) )
=InB—41In <1+Ae_§5), (118)

We now calculate®® the first and second derivative

2
of y, usin = 2 2 2 gnd ¥ =% 1’d7§=
W g & X, + X5+ xg A o

2
% (1 - ’é‘;) — 0 for x, — & (i.e. x; = x; — 0) and the abbre-

viations X = Ae_gé and f =1+ X:

W _ ypje3E f‘lg — X[
4

ox,
Py _ g pe-iera (€Y g d’E (119)
6x§ =—Ale 2= f dx, +2A%e 2" f dxﬁ

- —A2Xf?
If we assume X <1 and therefore expand yw =

—4Ae 5 = —4x linearly, we get f ~ 1 and the following
relation between y and its second derivative

2 2
v _ _px=Ay, (120)

ox; 4

50 Thesubsequent calculations were not specified by Heim, only the
final result.
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This relation can now be transferred to the situation in
the R, where, because of the anti-hermetric R; coordinates,
geodesic null lines exist ds? = dr* + dx; = dr2 -2 =0
on the light cone. The R; coordinates then occur together
with the time coordinate as well-known Lorentz invariant
term A — — = This leads to the result

z()tz
1 0% A
(8- am)P=%r

with P =y ()W(x;, x,,x3). If we identify the r.h.s. as a
current term,’! this differential equation describes the
dispersion law of photons in the frame of Quantum Elec-
trodynamics (QED) in which, according to the quantum
dualism, the particle character retreats in favour of the
wave character for A ~ 0. Then AP — 7;P 0 results
approximately. This is the equation of a transversal wave
field in the R; which propagates with the velocity of
light, identical with the empirical law of electromagnetic
waves (principle d1). Therefore, it can be concluded that
the imaginary time condensations of the Hermetry form
b describe photons, the imponderable quanta of the
electromagnetic field ([43]).

(121)

Appendix H: Properties and results
of the poly-metric geometry

H.1 Properties of g;, and [/:1]

In this subsection we present content of chapter V1.2, pages
86-94, of [44]:
The vanishing of a condenser with an anti-hermetric

(k4)
covariant index k, [kl]( 0= = 0, means that also the con-

denser with a completely covariant signature vanishes

(pq)) —

7(akg(pq) +0 g(pKI) 0, thus

[ il~<l] (vg)

(pg) _ (pq) (pq)

0i8y = 0i8;, — 08
(122)
leading to results for the hermitian and the anti-hermitian

part of the partial metric tensor g9 = g% 4 g(v0);

51 In doing so, we have to be aware that P is not only the state
function of the EM field, but also of the matter. A distinction or split
into two parts as given in the field equations of the QED - into the
Dirac matter field y and the EM field A, - is not yet given and still
has to be found for a one by one comparison.
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dkgiﬁ,q) akz(g(pq) pq)X) =0; (g (pa) | glpq)*)
— 7( al_ gl%wq) 0 g(pq +0 g (pg)* -0 g(pq)*)
— (() (g(pq) I(fq)*) _ al(g;fq) (pq)*)) _
0; g(pq) 0; (g(pq) pq)X) — akz(g (rg) ghpq)*)
— 7(61_ gl%wq) 0 g(pq 0 g (pg)* +0. g(pq)*)
— 9 g(pq) 9 g(pq) (123)
as g]((f’ ) = gk’fq)* is real. This means that g(p 9 is constant

concerning k and that g9 can be calculated by integra-
9 over k, giving a function A(pq) / g(pq)
and thus g(”J %) = 61-Afp 9 aA(l’ D = (rot, APD),; : —P(” q)
So, g'?? can be expressed through a vector wh1ch we
identify as a spin field vector and already introduced in
Subsection 3.5.1, A®® = $ra 52

Next we can derive a further property of g,

tion of g,

(P9 with an

anti-hermetric coordinate k: From the defintion of the Afp )
folllows

0, / q)dx pq) = 0 g(pq) 0 0, A(pq)
= 0,0;A%)  or gqu) 0; AP
(pq) _ (pg) (pg) _ (r@ (pq)
and with g g+l~<m g— g+km Pf(m
= g(Pq) + qu) 0: ql)(P‘I)
With prq) = (rot(x)¢(1"”),~(m we get
pq) =0; ¢(pq — (rot,y d)(pq))fm =0, ¢§_(pq).
(124)
So, we can summarise the results so far as>>
g_(fj:]) = const® = 9 d)(PlI)
) v (125)
(pq rq 7(pg)
g =Pl = (10t V),
Now, with g”q) being hermitian, we can exchange

indices and get with (125) 0,"(;’){’ ) = gPd — glpd)

+km +mk
0;¢%?, thus

0,;¢£,’l’q) -0, ¢§~(pq) = (roty PP = ngq) = g(pg)

= (1’ Q) = 0; ¢ =const. (126)

52 Different from Heim we define the spin vector as equal to 4, i.e.
without factor 7, the metron.
53 with respect to an anti-hermetric coordinate k.
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If we integrate the last relation, we find ¢,, = f(V,) x,
with a function f of V,, the space of the hermetric
coordinates. Doing the same with d,,¢; = const, where the
constant must be the same as in the previous relation,
as both being equal to the hermitian = g, ¢,, we get
¢; = f(V)x,, and, as a generalisation, the expression
¢ = anzl fim(V,) x,,,- A derivation of this expression with
respect to an anti-hermetric coordinate gives a coefficient
fi> as expected, but a partial derivation to a hermetric
coordinate x; yields not only fj,, but additionally a second
term anzlak( fim) X, depending also on anti-hermetric
coordinates x,,_;. This contradiction to our starting point
0iPm = 0z = const with respect to k can only be
solved if the functions f;, are constants f;,, = a;,. This
leads to

8.1 = O = aj = ag, = const (127)

while in the hermetric space V, always

8 = 8ru(V3),

8_n = Py = (roty$)yy = ay — ay = const # 0
(128)

but

holds (we suppressed the indices (pq) of the partial
structures in the last expressions), as in this case in
general ay; # ay. The obtained relations for the metric
tensor in the poly-metric mean that its hermitian part g/ (pa)
is constant in an anti-hermetric sector, but is a structure
functionin the V, of the hermetric coordinates. Instead, the
anti-hermitian part g9, identified as a spin field tensor P,
completely vanishes in the anti-hermetric sector and exists
as a constant quantity in the hermetric V,.

With these results we have derived all relations pre-
sented in subsection 3.5.1 in (41) and can conclude from
them that the condensers in the poly-metric are hermitian:
Their purely covariant form is given as

Z[Skl] W)

= 018151 + 018 4ks — 9584k

085+ 018ks — 958

(129)

[skl]w)ﬁ

because alwaysg_,; = constor g_g; = Oholds. But thisalso

means
o [ o
+

as the covariant symmetry is not effected by an anti-
hermitian part in the contravariant signature.

] , (kA)
1S
S [skl] ) [kl]

(uv)+
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H.2 Solution of equation (43)

We subsequently refer to the content of chapter VI.3,
pages 108—113, of [44], but note that we calculate different
results than Heim at some important points. Especially
the function f(k, I) is not introduced by Heim, i.e. remains
equal 1in his calculation.

As for the A (I,m) and A,(m,m)** the same identi-
ties hold as in the case of the composition field (see
Appendix F), we obtain similar relations for the anl as

for the { i 1} of the composition field, Fi = a,_ (k, l)F,id as

well as F = a(l)F andF. = a(z)F ThlS leads to

(ﬂm(k’ Do, — am)F;;l + (a(l) [kin] e) [lfl] )F;d

= A,k DF, (131)

Kl

Fully analogous proportionalities hold for the compo-
nents of the [ | so that a, [kfn] —ag [;l] =b, (k1] [Ifl]
can always be set, which after summing over the
hermetric indices 1<m<gq and with the abbrevia-

tions al(k, l)— m a,.(,D, b (kD)= m bk, 1) and
Ak, D) = m 1A, (k. D) provides
((g(k, D - 10, — Zam) Fi, +b (kD) [’fl] F
m#l

= A(k,DF}, (132)

Note that for simplicity of the notation we have again,
as in reference (43), suppressed the indices of the partial
structures in the previous expressions, but that in general
the underlined terms depend on these indices. Therefore,
this will hold for subsequently underlined quantities,
too.

With a normalised orthogonal system of the q her-

metric coordinates and d = éa(k,l) - 1) - ¥, €, the
previous equation can be written as
VoFy = 2 (4D - b (kD | 2 PR, (133)

similar as done in Appendix F (94). Also similarly multi-
plying with the differential dx = Y7 €;dx; we get

54 We mark the A and the quantities derived from them of Eq. (43)
by an underline to distinguish them from the respective quantities of
the composition field, and we subsequently move from the { Ifl } to

the [ kl] in the notation, as we have expressed the composition field

in the poly-metric this way, see (40), because it has to be understood
as a superposition of poly-metric structure terms.
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XV, Fl = dFl, =

zdxa—lu(k D-b,kD |5 ]F,

(134)
which can be integrated to

Fi = Al exp (1 / i dxja! (i(k, D —b (kD [ S D
q) = T\ - ki
. - q s
= A e (i"’} - / DL [kl])
j=1

(135)

with the integration constant Ajd and the abbreviations
Zkl = ;i(k, Da—! and €= 1g]7125(k, D). This result means
that the problem of solving the fundamental equation of
the poly-metric can be reduced to an integral over the
condenser (state function) of the composition field. We
therefore insert that result, given in Eq. (32), in the form

b {5} =bkD [ ] = 2D — e T,

To derive a needed expression for a single [ :1]

(instead of the sum over the index s), we again use
the fragmentation into g parts on the r.h.s. (as done
in references (94), (104) and (133)) and get [s] =

K
q;l(kkl)l)( o oMbt X) 1. The integrand then becomes
< [:l] fa—lb(k l)b Lk, DAGK, (1 — —3/1(1(,1)3—1;)_1 _

Qi(k, D <1 — e ﬂkl") , where we have expressed the sum

over index s as the scalar product between E and b1
In the last step we have introduced the abbreviations
Ty = L3, )a and (kD = ;g;lﬁ(k, Db (k, DAk, D).
The integral can be calculated as follows, using the same
substitution as in reference (106)

-1

/}Z:dxjgiS[ZI] zq:co kl)/dx 1_e—/1kIX>

j=1

- 1 w.(k1)
=In (eM¥ —1 ="~ 4 const
2y

9 w.(k1)
with the factor Z =/ ;

Jj=1 Kl

-1
9 (g(k, D —alk,l) 4 q>

= b(k,Db7'(k,])

alk,l) —1
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providing®
(137)

with By, being a constant. Note that the exponent a,,
can become positive or negative, depending on the coef-
ficients a(k, 1) and l_;(k, D), and that it becomes = 1 if these
coefficients become equal to their analogous quantities
of the composition field.*® We now insert this result into
equation (135), merge the constantsA;dBkl1 = Cl and obtain

F;.d = C;'d eZk,i (ezk”? _ 1)_g’d . (138)

This result can be analysed by identifying the extrema
with the condition 0F;, = 0 which is already defined via
Eq. (134). It can only be fulfilled by Fi, = 0 or A(k,l) =
b (k) [ Ifl] .F ;'d = 0 leads again to an eigenvalue problem if
X contains imaginary parts, which is identical to that of the
composition field. The other condition means, as A(k,l) =

const and b (k,I) = const # 0, 0 [:1] =0, thus A(k,]) =

by(k.D| ;| .butalsodlc.) =by(k.D|;| whichdirectly
can be seen from the expression (32) for the composition
field and its maxima (y = 1). We again have equations with
sums over an index s which cannot simply be solved for
a single [:l]m. But both equations can be fulfilled if they

are fragemented into g parts and the single terms equaled
(bg(k, D) [ ]fl] = A(k,1)/q for a single s, analogical for the
ext
Alk) _ b

s) (kD
A  bkD

s, or after summation over s to A(k,l) = MZL]% =

Ak, 1)%’1“‘”). Thus A(k,D) = A(k,) holds if b (k,}) =
b (k, D).

We now consider the poly-metric state function V.,
and transform it as

underlined terms). This leads to for each

(139)

55 The exact term of the exponent was found by inserting the result
(138) into the differential equation (132) and obtaining an equation
for a,,, because the algebraic evaluation in (136) remains ambiguous
in the sum Zlala‘

k,D) q

56 18b,(k, ) = b,(k. ) then b(k, Db (k. D = XL, 208 = 37 = ¢.
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The analysis of the exponent of the first term gives

T 2 D (gl (D atkd
Qa4 27\ atkn -1

=1
_, Mk.Da <1_q)=0
q q

if a(k,l) = a(k,l). Note that the dependency on the
I_?s(k, l)b;l(k, I) cancels out, so only the a(k, ) need to be
=a(k,l) to obtain Zkl = gklzkl. Important to see is that
this equation does not hold in general, different as Heim
specified it. If it holds, then the poly-metric state function
can be written as

- —a
_ CaAgX) M %
Y= <1 € ) =V -

1))

(140)

(141)

As next we can derive another important relation by
considering again the extrema of our solution. Applymg
the derivation 6F1 = 0 directly to (138) we find 4,(,
e/lklx(&kl
the scalar product with the vectors 7 and & (of X = 7 + i)
and divide these relations, we get

- _kl/lkl) after a few transformations. If we build

- -

= gikl _ (142)

$du— lef A

T u

r A — ar Ay

as equation which (only) holds at the extrema Xy, i.e.
Toxt and &y of FL . This equation can definitely be fulfilled
by (?Zkl)ext =d- (‘EZkl)ext and (?Zkl)ext =d- (E Zkl)ex’( with
a parameter or function d. The algebraic properties of d are
considered in Subsection 4.2.°7

57 Equation (142) and the resulting relations were not considered
by Heim. These relations have a certain similarity to dispersion
relations of waves which becomes more obvious in the limit of
vanishing variables x; and x,: A “phase” velocity of the extrema
iS Uyt = Toyt/toye = d € A¢/ A,, where A, A, are the projections of Zk,
on _é,, respectively, _é4 at the extrema. In this context the definition
of d can additionally be checked under kinematic aspects. We
consider its deﬁnlng relation ([’)m =d (Af)m => Arw cos 0, =

dAié,, cos Hext Toxe = Eoxe d COS 0 /] €08 O :=&, d,,, meaning
also 2, = d (8 + € + 17 oy, if the coordmate definition of ¢ is
inserted. Applying the second time derivative and neglecting terms
with accellerations and higher order terms in %63 (i.e. presuming
d being smooth and time dependent only via 7, E) results in v~
2r(Vod)X/d + dw, with v =F, the radial velocity in the R;, and
w = & = (2t + €€ + nn) /&, the ‘radial’ imaginary part of the world
velocity (compare subsection 3.4.5), all quantities to be taken at the
extremal points of r and &£. As the term with 663 can be positive
or negative, though small for smooth little changing d, and w can
vary around c (assuming that the velocities of the trans-coordinates
are moderate), our assumption in subsection 4.2, 0.5<d <1, is
compatible to the constraints given by the approximate formula
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We finally can derive an expression for ¢, depending
on the eigenvalues E+ of the poly-metric field and the f,
of the composition field: We consider the arguments of the
e-function in v, and yy

du _ Ak, D@%
T Al Da'x
alk,) —1)"x, —
_ kD (alk,) —1)7"x mZ#lxm
Al D) (alk, ) — 1)~ — X xp,
m#l
_AMKD 4
=D (143)
with the function f(k,1) ~ % if the x;,,, c

be approximated in average as x;,,, ~ x, and fk, l) -1
if a(k,)) = a(k,D. In this limit also A(k,D/A(k,]) = a,,
holds (see above), but in general A(k,)/Alk,]) = a . clk, 1)

with c(k, 1) = % + 1 (compare reference (136)). This
means®®
/lklx
= =a,clk, Df(k,D): i=a,, fk,D. (144)
le

On the other hand the ratio of the arguments for
tge extrenla, i.e. eigenvalues (see subsection 3.5.2) is
(ikl})ext/(/lkl})ext = (gext + i£+)/(aext + lﬂi) with a and a
being the real parts of the arguments. For the regime of the
eigenvalues we can assume y? = —x? = &2 —r2 > 0 with
X = F+i&. If we now further apply (A Peg = d - (Agdext
and the analogous relation for the Zkl, as obtained above,
we get

AiDexe _ @+ DeDexe _ L.
Gidext @+ DAgdege  Pa
B
> ay= ﬂ+ (k) and %E”:”g =ﬁ foi(k, D).

(145)

These relations become relevant in Section 4.

for v and the empirical fact that v < ¢ holds for massive particles.
In nuclear matter there are momenta (of the nucleons) of about
250 MeV/c (see e.g. [75]), i.e. velocities of about ¢/4. In our picture
of elementary particles, considered as condensations in the R, at a
microscopic level smaller than nuclear dimensions, higher velocities
closer to ¢ seem to be likely so that values of d close to 1 appear to be
possible as well.

58 As already stated in subsection 3.5.2, Heim instead derives a
result without the modulating function f(k, 1), i.e. f(k,1) = 1, which
corresponds to his (according to (140)) wrong finding that Z W=a kljk,
would hold in general.
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H.3 Expressions of the metric tensor and the
correlation tensor in the poly-metric

Based on result (138), Heim obtains the following expres-
sion for the trace of the metric tensor

q
D S = C(uv)H ( e )
k=1

= Cul (M =1) 5 (40)
with integration constant C(,,) and the 71,(1, a,, as being
defined similarly in subsection H.2. |...| denotes the
determinant.

The correlation tensor results in the form of an
invariant scalar sum as

(kA) _ i(kA)
Q(/w Z QS(MV)

i,s=1

(x2) ®d) (1_ _1,,7()‘211
= A0 1C1(/4V) (1 €

-1
q )=\ —1
(B -e))
=1
_ 1)%?’“ |

(uv)

( )*
X|5k1<e'1kl; —1> “t-g

l(h A3

X |6y (e i

(147)

with A*” =2, C-1 . Note that these expressions are
(uv) (kD™ (uv) .

only valid under the condition that (141) holds. The

derivation of these results can be found on pages 113-121

in [44]. We do not present it here, since we do not use the

expressions (146) and (147) in our further calculations.

H.4 Calculation of the condenser class [3]

We refer to chapter VIIL.1 of [44], pages 174-177:
To calculate the function F), defined by the gen-

eral solution (44) and the definition Im F;, = Im([zi] N
Tr(Qgii X [33] +)) = 0, we introduce the definitions A;<l(3 =
a+ib and Z} CisG) )/ dx; [kl] = f +iF. With the always

real ikl and X, dx in the R; we get 0 = Im((a + ib)e?~F) =
e?Im((a + ib)e™F) with ¢ = A, x— f in the R,. With
e F =cosF—isinF it follows (a+ ib)e ¥ =acosF +
bsinF + i(b cos F — asin F), which with the Im() = 0 con-
dition yields tanF = b/a and F3 = e?(acosF + bsinF).
Using the substitution with tan F we can write cos F =

(1+tan? F)™/2 = \/ﬁ and sin F = (14 cot? F)~1/2 =
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m thusa cos F+ b sin F = Va2 + b?: —a’ = const.
Thereby the real-valued solution becomes

Fi, =ae? with ¢=71,%—Re ( / de, 56

with the coefficients Cise) being real quantities, as they
are composed of real eigenvalues. Similar as already
derived below reference (135), the integrand becomes
Cisd) lfl = qz ](3)b(3)b LAk, Dy = @j3)(k, Dy with the
abbreviation w}(B)(k ) as coefficient and the state func-
tion yy of the composition field. y; is a function of

-\ 1
the 6 coordinates of the Ry as y = (1 - e“kl") with

) (148)

X =7+if and the A, as defined for reference (136).
The integral in (148) runs only over the three spatial
coordinates 7 so that the i imaginary coordrnates é‘ appear
as constants in y; = (1— e~ (cos /1;(15 isin ,1,(15)) 1=

(x +in)~!, having defined the quantities x and # this
way. According to this relation, also y; = a +if must
split, thus Re yy = a and f = [ & dra. As k and  are
known, # must be eliminated out of a +iff = (k + in)~!
in order to obtain a. Because of 1= (« +if)(x +in) =
ak — pn+i(an + kp), thus ax — fyp=1and «f = —an,
we get a=k(k*+n?)"1= (1 - be‘zkl?) 1-2b e 4

e‘z’ﬂlkﬁ)‘1 where we have used the abbreviation b =
cos Ayé. With @) dr = ?zlwie)dri and the substitution

u= (e Aat _ b) /V1=b2, dr; = du—”;bze‘zkﬁ we can cal-
Kl

culate the integral for f after some steps as

f Z ](3 = 67)(3)11:11(111 \/H'—uz + C)
j=1

- PN 2
= By iy <; In(1+ (e’ —b) /01— + c) :

(149)

duu
uz+1

The integration constant C can be determined by
choosing u( = 0) as lower limit of the integral above. Then
C becomes

C= —%ln(1+(1—b)2/(1—b2))
- —%ln(1+(1—b)/(1+b))
- %m (%(1+b)). (150)

This gives

<§(1 +b)(1+ (e - b)2 /- bz))>

(151)

- 1
— -1
’ = a)(3) Akl *2 In

and for the factor
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(;5(3)/1;11 = 5a a(3)b(3)b 1
o = faaD—alk,]) -
_ -1{ =0
=bob ( alch-1_ " q)

=ag,. (152)

in analogy to reference (136). The condenser function then
becomes

(77 -)
Fi =al el (1+b)1+7

s = — (153)

with b = cos Zik,é (b not to be confused with b= E(k, D).

H.5 Further classes of condensations

The first part of this subsection refers to chapter VII.1 of
[44], pages 179-186.

Analogue to Subsection H.2 we can evaluate
the expression of reference (54) by inserting the
function of the composition field in the form ¢ [ kl]

= L as1h(k, DBk DA D1 — e e ADa Oy,

a)(k )]

(1— e~ w®P+")-1 The integral in reference (54) then can
be calculated as follows, using the same substitution as in
reference (106) and taking into account V = 0 at the lower
limit of the integral over the V;

[ Save, ;]

4y

= Z Qj(kv )] / de(l — e Zkl(ﬁ"’v))—l
j=1

& o

(ln (ezk,(ﬁ+¥7) —~1)—1In (ezklﬁ _ 1))

& w;k,D)
j

Jj=1 K

= b(k, Db~'(k,])

a(k, ) — a(k, I) !
X < atk.) -1 +q)

=a,, (154)
providing
eP+7) _ 1
/Zdl—ls[ ] Uln( 1P
et —1

ol — a=iuP \ ™

=ln| ——— (155)
1— e 4P
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Inserting this expression into reference (54), the gen-
eral result for classes of condensations of reference (55) is
obtained.

We finally want to give the concrete expressions for
the possible classes of condensations according to the
definition of the hermetry forms in subsection 3.4.3:

In the hermetry form a only the partial structure 1
with the coordinates x; and x4 is hermetric, so we have
V =X; + X :=iT, P = 0 and only one condenser function
according to (45)

N -a
Foy(@ = e47 (e — 1)

7T -1\ 7o\ %
— (el(l Aa )T_e ila T)

_ (eii(l— DT _ =il ﬁ)_g
(1 _ e—i,'ﬁ)_g

where we have used, as in (56), zg‘lfl =iV f. To keep
the notation simple, we have suppressed the coordinate
indices k,lat 4, 4, a and f = f(k, ]).

For the hermetry form b there are three possi-
ble combinations of the hermetric coordinates X, =
icte,:=ict and X; +Xg:= iT which yield (with (56),
respectively (45))

> =, - oo -
iA(1-)T _ a—idlct+fT) =
F(l)(b) = (e e(w )

\

if f-1 (156)

1 — e—idct
1— e ile+h -
N
1— e—Mct

- . N
i1-1ct _ a—id@+f \
Fp)b) = (e - >

1 — e—idT (157)

1 —1A(ct+T) <
1 i e—l/lT

Qid1-pet+T) _

)

e\~
Fp(b) = —1/1f(ct+T)>

(1 —1/1(&+T)>_g

)

including the results for the limit f — 1.

For the form c¢ with the hermetric coordinates ¥ =
Zizlxké'k and again X5 + Xg = iT, which describes neutral
ponderable particles as complex-valued space condensa-
tions, there is only one class with a leading imaginary form
(F;)(c)) and the class according to (45):



DE GRUYTER

1—e ¥

(1 _ e—z(7+i7") >—a
g —_——
1—e#
Fug(0) = (ez(l—f)(ﬂﬁ) _ e—i’f(?+iT)>_g

- <1 _ e—Z(_f+ﬁ"))_g

QiAU-PT _ o=iG+ifH\ *
F(l)(C) = =

(158)

The hermetry form d with the hermetric coordinates
7, ict and iT, describing charged ponderable particles
as complex-valued space condensations, provides six
classes:

- - - > - -
A=AV, _ a=AP,+fV,) -
e a e a a
Fa(d) B ( iP )

1—e P

(1! 1 i_:(_[);; - > with
!7,1 =iT, f’a =7+ict for a=()
!7“=i7,13a=7+if for a=1(2)
Va:iT+1_;f,}_5a:_r' for a=(12)
I7a =F+iT, 13“ =ict for a=(13)
V,=7+ict,P, =iT for a=(23) and

Foip(d) = (eZ(l— DEHEHT) _ o= fG+HctHT) ) 2
N (1 _ e—1(7+ic?t+ﬁ)>_g (159)

These results correspond to those of Heim in [44],
page 186 (his reference 80), but are slightly different, as
Heim evaluates /l =a 7 exactly, which we do not, compare
reference (140) above. Only if the function f — 1, the
results become identical to Heim’s. Note that, although
we have abstained here from marking them with indices,
the exponent @ and the function f in general differ between
the single results, as according to their general expressions
(136), (143) and (144), they depend on the particular
hermetric coordinate structure of each class.

Finally, we analyse the condenser functions of the
form as given in reference (55) concerning their depen-
dency on the variable P.>® We are interested in the functions

F13)(d) and F 53)(d) in which one of the variables P=ictor

P =iT, in the following generalised as P=1, appears in

59 The subsequent results were not derived by Heim.
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the term e‘il3 , and the other variable is part of the vector

V=7+ ié_; —iz:
AG+iE-iZ) iz\ *
_ j(?—{—lé—fé) e r+ic—iz) __ e—l z
Fap(d) =e= < >

= @ AG+iD) (e i) _ 1>_g A g laZ
X <1 _ e ik >g
A a
= Fupy(d) €74 (e —1) (160)

Here the definition of F;,,(d) in its initial form (45)

was used. We continue with the abbreviation x = 1z and
the definition ZZ =qa szz in analogy to (144) (i.e. f,
depends on the indices lg, land in general on z as well) and
use the substitution e*? —1=cos x — 1 +isin x:=rel?,
meaning r> = (cosx — 1) + sin’x, ¢p = arctan( sin x ) and
(rei?)2 = r2ei$? = (2 — 2 cos x)%/*(cos agh + 1smg¢).

Fq2)(d) = Fu3)(d) (cos a f,x — isin & f,x)

X (cos a¢p +isin ag)(2(1 — cos x))2/2

= Fp3)(d) (cos a(f,x — @) —isina(fx — ¢))
X (2(1 — cos x))2/? (161)

We now assume that f, hardly varies with z,i.e.x, and
at the (for our purposes) relevant index pair k, l = 4 takes
a numerical value similar to f,,,(4, 4) (see Section 4). Then
the dependence on the variable Z is defined by x and ¢ (see
above) and is periodic in form of the cos-, respectively, sin-
function, and (2(1 — cos x))%/2isamodulating factor. In the
areaof data givenin Section 4 (for f,,, and thus &) this factor
only creates small peaks at the cos x = 1 points, but does
not change the overall numerical result that the arithmetic
mean of F,,3(d) over a whole period (depending on Z) is
essentially zero.

Appendix I: Simplification of
equation (64)

To simplify the term in the square bracket of (64) it is
set = Rel® and the abbreviation K = K(n) used so that
R?2 = (ekd cos K — 1) + e sin® K = e2Kd — 2ekd o5 K +
1=eXd 11 for m=1 and = eZd 4 2ekd 1 1 = (ekd 4 1)2
for m=2. For both R— e holds if eX4 > 1, which
is true in our data range. The angle ¢ is given
by ¢= arctan(ﬁ:‘KKl) and (Re!¥)~¢ = R~%(cos

Znd f

ap—isinagp) » e %K (cos ap — isin ap) = ™22 /ext(cos
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(’Z%fe—x{ ¢) —isin (%fe;} ¢)). The angle ¢ can
be evaluated in the range e >>1 via cos K=
cos(g(Zn +1) =0andsin K = sin(%(zn +1)) = (=" for
m = 1and cos(zn) = (—1)" and sin(zn) = 0 for m = 2. This
gives ¢ = arctan((—1)"+e:@Dd) (=)Z for m=1
and n > 0 and ¢ = arctan(0) = 0 form = 2.

With these results the expressions of reference (65) are
easily obtained.

Appendix J: Linear approximation,
Dirac and Maxwell equations

We study the linear limit of the fundamental equations
of Heim’s theory (according to [44], chapter VIIL5, pages
358-363). We can expect that in case of the b hermetry, a
linear approximation should lead to the known equations
which determine the electromagnetic field and the parti-
clesinteracting with this field, i.e. the equations of Maxwell
in the classical limit and Dirac’s equation for a relativistic
fermion field (particle).

The b hermetry contains 6 possible signatures in
terms of combinations of partial structures, namely the
elements (1), (11), (2), (22), (12) and (21), which can occur
in the co- and the contravariant signatures. If we now
consider Eq. (43), neglect the non-linear terms in it and
assume a stationary status in which only the compo-
nents of the R, are non-zero and all field components
and also eigenvalues A; for the trans-dimensions xs,x,
become zero, and finally sum over twoindices F,, = ). kF’;m,
we get

OnFy = 0pFy = A Fyy =14, F,, (162)
where we have re-defined the ip. The relevant partial
structures of the b hermetry lead to two different condenser
functions according to Appendix H if we take into account
thelimitxs, x; = 0, thus T = 0, namely the functions F;,(b)
and F;,(b) according to (157). This means that there is
a second equation for the second function, which we
name G:

0nG, — 0,G,, = ime :=14,G,, (163)
(Heim uses the notation of functions g,, and h,,, see [44]
page 359 bottom.) Summation over 1 < p < 4 leads to

Y 0,F, — 0,F,, = iAF,, and
p

(164)
Y 0wGp — 0,Gy = 14G,,
14
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with 37 4, = 4, or in matrix representation
o — Y0, 0, ) 0,
b
d, 0,— )0, 2, 9,
P F(G)
0; 0s 05— D0, 0;
p
9, 2, 9, 0, — )0,
p
= 1AF (G). (165)

These two linear matrix equations for F and G can
be transformed to one matrix equation with two other
quadruple vectors @ and b which are linearly coupled:*°

49, O 9 o O O 0 0
0 +id, & -0, 0 0 -3, O
d 9 =+, O O 9 O O
9 -0, O =+, -3, O 0 O
0 0 0 -0, +id, O 9 0
o 0 9 0 0 =+, 9 —0s
0 -9, O 0 05 0, i, O
0, 0 0 0 0, —0d; 0 #ig,

a -4

a )

as as

X Z‘l* =il _“l‘;l (166)

b, —b,

bs by

b, b,

This system can be written as a four-dimensional
equation of a complex vector field ¢ = d + ib

+id, 0 o, 0,—id, —,
0 £, O+, =0 | _yl=,
o 9, —id, =id, 0 o,
0 +id, —0s 0 +id, b4
(167)

which in turn can be expressed through the well-known
four-dimensional matrices of the Dirac equation

0 0 0 1 0 0 0 —i
0010 0 0 i O

+id, + 0 +0

—4""o 1 0 o]l ?lo -i 0 O
10 00 i 0 0 O

60 In (166), we have corrected the sign errors which [44] obviously
contains at this point.
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0 0 1 0
o 0o o0 -1|]-

0

+31000¢

0 -1 0 0

10 0 0
01 0 o0f-

=i 168
o 0 -1 0]? (168)
00 0 -1

or compact (and with partial derivatives according to x*
written out)

. 0 0 d J \ 7 s T
<ila)(4+alaxl+aza)(2+a30)(3>d)=_1/1ﬂ¢ Wlth

0 o; . 1 O
ai:(a. ()1)7 l=17273? ﬁz(o _1)7
1
(169)

the o, being the Pauli matrices. The «;, f fulfil the anti-
commutator relations [a;, a;] = 26y, [a;, f] = 0 and “12 =
p? = 1. The eigenvalues A have the dimension meter—! and
should be proportional to the mass of an electric charge
carrier if the photon field of the b hermetry interacts with
the field of this charge carrier. On the other hand it is always
a matter of quantum structure so that A can be regarded
as ratio of the momentum mc to #, thus A = mc/h. With
X, = ict this gives

|

+ih

é= EZ ak%$+mczﬂ¢; (170)

t 1 &~

o7

which is identical to the Dirac equation if the four-
dimensional complex vector field <,5 is equalised with a
four-dimensional spinor y and the branch with negative
sign in front of the energy operator h% is omitted.®!
The usual form of the equation which explicitly shows
the Lorentz invariance can be obtained by multiplying
with the matrix f/c on both sides and introducing
the gamma matrices y° = f,y' = fa;,i=1,2,3 and u

=0,1,2,3[76]:
(ihy”a — mc> w =0 @171

OxH

Hence, it is possible to obtain the Dirac equation, the
linear wave equation of relativistic quantum mechanics,
from Heim’s theory (basic equation (43)) as a possible
result in the linear limit of hermetry b. However, only
its structure as linear partial differential equation of first
order, acting on a complex 4-dimensional function, can be

61 Solutions with negative energy appear when solving Eq. (171)
anyway and are interpreted as solutions for the anti-particle e*.
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deduced unambiguously, but not its Clifford algebra, given
by the y matrices. Equation (165) does not provide them
automatically, but allows only a linear transformation to
them.

We now consider the macroscopic domain (i.e. Heim’s
fourth area of validity) and an empty R, space which means
mass m — 0, thus A — 0. Going back to the system of
equations (166) and setting the components of the vectors
dand basa, ~E;a, ~E,a;=0,a, ~—B,,b; = 0,b, ~
E,, b; ~ B;, b, ~ B;, we obtain the set of equations

+i0,E; — 0,B, + 0,B, = 0,
+i0,E, + 0yB, — 0,B; = 0,
05E; + 0,E, + 0,E, = 0,
0,E; — 0,E, — +i9,B, = 0,
(172)

0,B, + 0;B; + 0,B, = 0,
+i0,E, + 0,B; — 0;B, = 0,
—0,E, + 0,E, + +i0,B; = 0,
0,E; — 03E, + +i0,B, = 0

which, when using again x, = ict, can be written in the
compact form

rot§=i%%€, divE"=0,
. 173)
rot§=—i%a—1§, divB = 0

and obviously corresponds to the microscopic Maxwell
equationsin the vacuum. An exactidentity is obtained with
the positive branch of the + signs and when transforming
B cB.

So, Heim’s theory allows connecting to the classical
theory of electromagnetism on a mathematical level.

Appendix K: The spin in Heim’s
theory

We have seen in subsection 3.5.1 and Appendix H, subsec-
tion H.1 that a spin field tensor can be derived from the

properties of the g; and [ lzz] , meaning that in a hermetric

space V, always g_; :=P; = (rot(x)@,-k = const # 0 holds
for the spin field tensor P, with (17 being a so-called spin
field vector.

We now want to connect these quantities to the
properties of a spin in 3-dimensional space as an angular
momentum-like quantity (see chapter VIL3 in [44]). In
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analogy to the electromagnetic field we construct the
angular momentum density from the energy momentum
tensor T as

ik — l(XiTkl — kil (174)
w
with w being the absolute value of the imaginary part of
the 6-dimensional world velocity Y=0+id,u?=c+

€% + 17%). The divergence of L becomes

oLM = % [(0pd) TH + xd (,T4) — (9pk) T

—x(o,1")]
1 /g i

= (5T = 5T")

- l(Tki _ Tik) - l(Tki _ (Tki)X)
w w

S (175)
w

having used that the divergence of T vanishes. For a
hermitian T, i.e. T~ =0, this means that the angular
momentum L is conserved. Vice versa a conservation of
angular momentum forces T~ = 0, which with (18) and
(28) leads to {A} = {A}>< and g =g*. In the metronised

poly-metric case, despite g, # g(f( Y it remains [Zj]_ =
0 (see (42)) which leads to the constant metron spin
g% .= pd = const, compare above.

A spatial spin density vector in 6 dimensions is now
defined by a trace over the angular momentum density
tensor

-

1 i1 P Xz
Gl = *ijlekTh = —Zxkskleh = - P!

with the Levi-Civita symbol ¢;; and sums over identical
indices. The tensor P = ¥’ ., T" is in general notidentical
to PX of above, but structurally similar. It has the dimension
of an energy density, so it can be written as a sum of energy
density contributions P = ¥, W, where the W, depend
on the partial geometry of the respective hermetry form,

denoted by the usual mdlces, and can be expressed as
w, W(’“’” Tr C [”] /IEZ'VD [’“'1] according to (57).
If we now 1ntegrate over the 3-dimensional space in the

metron calculus (compare Section 4) we get a spin vector
i= [ovei= [ovX Bi= [ov Yy wh
= fovel= fovy B [oriEw.
=y / OEK Xk (177)
m w

where i denotes the index of the vector and a stands for
the hermetric partial structure. For the differential aEgi the

(176)
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quantisation of energy must be taken into account E =
hv so that the differential becomes 0EXN = hvkomk, with
m’;i being selectors of whole quantum numbers when the
metron calculus is applied.®? This provides

f=hY [ omk Xk,
s z/ i X

In Heim’s model the velocity w and the frequencies
vk can be related, as the spin is considered as a result
of the cyclical flux of condensations (compare Subsec-
tion 3.5.3). The world vector then lies on a circular path,

(178)

X=4¢, i with the perimeter u, in Cartesian coordinates
X = ek €, :=>%. Heim now relates w = 2up' which

means that the circulation velocities u;v! (perimeter times
frequency) shall be determined by w. The factor 2 obviously
corresponds to the property of the quantum mechanical
spin that the spin state vector is identically reproduced
only after a rotation of a 47 angle. After inserting in (178)
we obtain

%

s —hZ/ ";l 4rupvt Z/dm

if the selectors m’o‘(" —>mfl do not depend on index k,
i.e. simply form a vector, and m' = Y}, ,m!, being natural
numbers. Thus we find the well-known quantitative result
of the quantum mechanical spin.

We can write the result as a vector and take into
account that in the 6-dimensional space the sector of the
coordinates x,, — x is imaginary:

m (179)

6
=3 e = (3, +i5,) (180)
i=1

N

The real part 46, must be the spin in 3-dimensional
space, the second imaginary part is identified by Heim as
the isospin.

Appendix L: Qualitative derivation
of an interaction potential

(Consideration of the author, not by Heim)

In Sections 3 and 4, we have derived state functions for
partial geometries and calculated mass-energies for related
particle states which are associated with the hermetry
forms ¢ and d in Heim’s theory. An important question
is also, how the interaction between the particles can be
described, which must be related to the strong interaction.

62 Note that the vk form a vector, not a 2-dimensional tensor.



DE GRUYTER

We can use the fundamental geodesic equation (12) to
derive an ansatz for an interaction potential:

In the nonrelativistic limit for velocities <« ¢ we may
neglect dx/dz (with the proper time dr) with respect to
dt/dr and write (12) as®3

o (de) x|

oz Tl <dT> =0 = 5 +I,=0 (181)

If we now define 1"24 = —%@, we get the classical
equation of motion % = %dD with the potential ®(X).

This means that a nonrelativistic potential can be deter-
mined from the relation

9 om = -, - —F

P i (182)
i

when the classical Christoffel symbol is transformed to
Heim’s poly-metric state function F, as defined in subsec-
tion 3.5. We are interested in the course of the ® in the
3-dimensional space and consider therefore only the FZ , at

their extrema with respect to the remaining coordinates E
Hence, we can use the expressions of (51), (52) and (159)
for F(3)ext and Fj53)ex- TO these expressions we apply the
same approximation as in (53), which is not only valid in
the limit of big r, which was considered in (53), but also for
middle tosmallrife,, = (E . /B+)f is determined by the
value of f,,, & —2.16, as specified in Subsection 4.3 (i.e.rin
the same order of magnitude as given by |f,|). The terms
in front of the e-function are constant (C’) with regard to 7,
and so we get

iq)(‘f) = _Cl ey 1~f0)
0x;

— _Ci e_ﬂzm’” cos 0 (1—f(7) (183)
with @ as angle between the 7 and 7. Now we have to
model the regarding its exact course unknown function
f(@), respectively, 1 — f(7). First of all, we assume a radial
symmetry, i.e. f = f(r). Next, we know that 1 — f has to
be approximately constant at a value of 1 — f,,; = 3.16 for
small r and that it has to change sign in the course to bigger
1, see Subsection 4.2. This can be modelled by the approach

1-f(n=a,~316 for r<r,,

=—br+c for ry<r<r,

=—-a,<0 for r>rn (184)

63 See [52]. As in the whole paper, we again use the index 4 for the
time coordinate.
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withr, > r,and requiring that the functionis steady which
defines the constants b > 0 and ¢ > 0in dependence of the
other parameters. To come to a simply assessable relation,
we make a restriction and hide the dependency on 6, so
consider only thatonr. Inserting 1 — f(r) as defined by (184)
and assuming C! < 0, we obtain a function on the r.h.s. of
(185) with the course of a shifted Gaussian function

9

o) ~ eAr (1=f(n)
or

—A(br’—cr)

2
- e e_Ab(r_i) forry <r<r (185)

with the abbreviation A = —a,, 4 cos 6. A is > 0, as -
< 0(cos @ > 0 assumed). Its width depends via b, ¢ on the
unknown parameters r,,r;. With this function, Eq. (185)
cannot be integrated analytically, but the course of ®(r)
can be detected approximately. A Taylor expansion of the
Gaussian up to sixth order and subsequent integration
yields a result which can be well approximated by a linear
function ®(r) = kr + € in the area r, < r < c¢/b. The term
¢/b marks the zero of 1—f(r) = —br+c. Forr > c/b ®
flattens out and approximates a constant value c,. In the
sectors r <r, and r > r, the function 1— f is constant
in our model, so here (185) can easily be integrated
and ® be determined as ®(r) ~ %(;, + c,, respectively,

e—Aayr

2, + ¢;. The integration constants ¢, ¢y, ¢; have to
be set so that ®(r) is steady.

We conclude that we have derived a potential from
the hermetry forms c, d in Heim’s theory by means of the
resulting state functions and from an a priori unknown
function f, modelled in a way that empirical data are met
— the fit of f in the inner region so that the mass spectrum
comes out, and its necessary behaviour for r — co. We
obtain a result with an approximately linearly increasing
course in a region which we assume as decisive for the
question whether free particles can “escape” at higher
energies and in which particle shape. It is interesting to
notice that we find this linear course ~ kr + ¢ which is
also the typical potential for the confinement in the quark
model. As we currently cannot determine the quantities
1o, 1 and the further introduced constants, we cannot make
any quantitative statements, but consider our qualitative
result as encouragement for further research.

Appendix M: Heim’s minimum
particle mass

Here we shortly outline Heim’s approach to derive a
smallest particle mass, which turns out to lie very close
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to the electron mass. We cannot reproduce his entire
derivation due to the limited space of this paper and refer
to [43], chapter II.4 and chapter IV.3 pages 226—248, and to
[44], chapter V.1, for the complete description, but present
some essential parts.

M.1 Gravitational space structures and their
extrema

From his approach to take into account the field mass
in the overall energy—mass balance of gravity (compare
Section 3.1) Heim derives a non-linear differential equation
(see page 85 in [43]) with an implicit solution for the
gravitational potential ¢(r)

rqe™? = A(1—r/p)? with g=1—+1—¢€¢,
3
MO = Lmo, E = @ (186)

which can be calculated approximately after expansion of
ge™? x eg¢p /2 to first order and fixing of the integration con-
stant A so that the empirical Newtonian law is reproduced
forr < p:

R LT )

2

y is the gravitational constant, M, the macroscopic field
source, consisting of L microscopic elementary masses m,,.
This means ¢ > 0 and accelleration g < 0 for r < p, i.e.
an attractive gravitational field which is limited at r = p
with ¢(p) = 0 and g(p) = 0. For r > p in contrast, ¢p > 0
increases again, and with g > 0 a weak repelling field
appears. To determine the distance p one realises that p
should be related to a quantum wavelength A’ = w/v,,
with €g = hv,, as A= 2p if we consider L =1, thus
only an atomic mass unit m, of M,. An approximation
in a Taylor series of (186) (ge~? to second order) gives
(1-r/p)P ~ rge 9 %red&(l —ep/orm(r)(1—e¢/2) =
const due to (187), thus m(r)(1— ep(r)/2) = m(1 -
eP(ry)/2) or m(r) — my = m(r)ep(r) /2 — myep(ry) /2. With
@(p) = 0 this leads to a field mass of u, = m(p) —m, =
—emyp(ry) /2 = —%(1 — 15/p)*. On the other hand p, =

—h/Qwp) follows from e, = —pyu? = hv,, = " If the
length 2r, is identified with the Compton wavelength

of the energy myc?, A= %: = 2r,, the equation p(1—
0
h 2 _ o, . 64 .
Zmocp) = is obtained®* and thereby the approximate
solution

64 Here, Heim uses his result w = gc for the propagation velocity
of gravitational disturbances or waves. This result # ¢ can be
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n2
pP=_——3
ymy,

(188)

for sufficiently weak fields.®> Reference (186)-(187) is not
yet a structure-theoretical relation, but a phenomenologi-
cal extension of the basic laws d1, d2 and c.

Now one can derive extrema of the space structure
(186) with help of the fact that the r.h.s. of (186) is always
real, Im(ge™9) =0 > 1—¢e¢ > 0.Isr = R > p the position
of this border of reality, this means ¢(R) = ¢,,, = 1/¢ or
eyM(R) = R(1 — R/p)~2. On the other hand g(R) = 1 holds
(from (186)) which provides ey M(R) = eA and thus M(R) =
M,e/2. This leads to a quadratic equation for x = R/ p:

2 = _2 i iati - _ P
1-x?= eeyMox. With the abbreviation a« = pre T

8c2p
3eyM,

R, = pla+ D1+ Vi— (@ + D),

for a>1 - pa(l+V1i—a2) — pa(l+(1-1/Q2a%)).
(189)
The last convergence is valid if all terms (1/a?)” = 0
for v > 1which always is fulfilled approximately. Then, the
very simplified approximation can be derived

the two solutions appear

R, =2ap, R =L,

R.R_ = p?
- 2a - =P

(190)
from which R, < oo follows. With @ an obviously micro-
scopic value is obtained for the other limit

R =¢
2

_ 3eyM,

€rMo = 16 2

(191)

which is largely identical to the Schwarzschild radius
of general relativity, which in turn is a measure for the
extension of a black hole.

Now the existence of only one single mass system
M, = Lm, intheR;is considered, with L = 1being reduced
to one atomic element with mass m,,;(R). This gives

R_ = pyloy + DA — /1= (ay +1)72)

disputed, but was obtained by the same geometrical spherical
approach the term € results from. In the obtained equation the factors
cancel out.

65 Heim calculates the distance p for a “realistic” microscopic
my = A;my with my the nucleon mass and an atomic weight A, of
1.9-2.4 which corresponds to the empirical Russell composition of
intergalactic matter, and obtains a value between 107 and 2 - 107 light
years. Heim concludes that this result could explain the non-existence
of higher-order systems in the cosmos, because if the distance
between the components of a galaxy cluster lies below this limit,
then these components must be attracted by each other and optically
show a picture of the order of such systems, while at distances of
r > pand g > 0 matter is distributed completely chaotically.

(192)
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where a,, is the corresponding value of a with m,(R) =
Moe/2. According to (187), R_ fulfills the reality border
1—ep(R_)=0 as per R_/e=ymy(R_)1—R_/py)*
With the Compton wavelength A = h/(my,c) this becomes
AR_ = vahcz (1—R_/py)? (expressions for € and w used).
For empty space A— oo the limits lim,  my(R_) =
lim, ,1/py =1lim,  R_ =0 are reached (due to (188)
and (191)), for lim, 1/a)y ~ lim /1—>oof =0, too. With
these results the limit of the improper product AR_ can be
determined as well:

T= hm(/{R )= vh =%=const>0

2wc? 8¢3 (193)

7 obviously is a universal constant with the dimension of an
area that only depends on other fundamental physical con-
stants which determine the laws of nature d1, d2 and c. This
constant, which Heim calls “metron” and which we already
introduced in Section 3.3, (24), is obviously independent
of whether the space is empty or not. Since the relation
(15) cannot be executed to an infinitesimal R,-element,
the term (193) must be extended to the R,, but to the R, as
well, as such differences also arise for Rs-volumes due to
Eq. (28).

The results above serve Heim as ingredients to derive
further cosmological theorems which lie beyond the scope
of this work and can be found in [44].

M.2 Mass formula from elementary
hermetric structures

The next step towards a calculation of a minimum mass
consists of an analysis of the structural properties of the
¢ hermetry. In subsection 3.4.5 we found the relation
(36) between the coordinates r and & for the respective
eigenvalue spectra. &2 = €2+ #? and squaring Eq. (36)

yields r2 — (2;' :11)2 e2=( ;: E)z (n; is identical to n_ of

(36)). The two quantum numbers describe the course of
the metronic eigenvalues in the range 0 < r> < & where
n, <n; must hold. For r = ¢, i.e. on the singular area

in case of n#0, n/r becomes n/r =+ \/@Zgﬁ)z =

+2(2n, + 1) \/ (n: +n, +1)(n; —n,). With the defini-
tions n; =n and n, =n; —j we get n/r=+2Q2n+1-
2))7'4/jen+1—j) and for j_,, =1 which provides the
closest approximation n, — n, and hence minimal value
forn/r,n/r = +£2Q2n—1)"1/2n:= + 2f(n).

Heim’s strategy is now to find a relation of two
fundamental lengths which could be equated with #/r
and thereby define a mass spectrum. He considers the
characteristic distances R_, A./2, p and R,. A, = h/(mc)
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is the Compton wavelength of a matter quantum. It
can be seen that only the relations R_/(4./2),R_/p
and A./(2p) could serve for this purpose, amongst
others as the relation |5/r| < 2\/5 must be fulfilled.
Since the mass terms lie in the subatomic range, the
approximations of (188) and (189) can be used, (189) in
the approximate form p = 2(1 + @)R_. With (188) and the
definition yu = 4/ch/y the term a = f:;r’; can be written
as a = ﬁ(,u/m)" Inserting supplies R_/(Ac/2) = (u/m)?
1+ @) = (m/p((m/ ) + )7 =2f(), R_/p = 5(1
+a)7t = 2m/w*(m/ )" + fe) '=2f(n) and ﬂc/(Zp)
= 1(m/u? = 2f(n).

Solving the first two equations for the mass m shows
that m becomes complex (Im(m) # 0) for 1 < n < 8, which
contradicts physical reality. The third solution (m/u)? =
4f(n) in contrast remains real for all n > 0 and m = 0 for
n = 0. This means that this solution is the only one which
provides a physically relevant expression for the mass. The
mass spectrum for neutral quanta of the ¢ hermetry, which
implicitly includes all possible gravitational and photonic
condensations and therefore cannot yet serve as a discrete
partial spectrum of matter particles, thus is to be set as

_ \/E {/n
m(n) =24/ — X ——.
Y vV2n—-1

Next Heim analyses how the obtained result must be

expanded for the d hermetry, Wthh has the same complex

coordinate structure X =7 + 1§ but with 5 containing also

the time coordinate ct. We learned in Subsection 3.4.5 that

the Hermetry form d describes charged particles. Thus the

influence of the coupling of the electromagnetic field on

the energy and hence mass terms has to be developed. After

a somewhat longer heuristic derivation, which as another

result provides a formula for the fine structure constant,®®
Heim obtains the result

(194)

T

where g is the electric charge quantum number. Note
that Heim adjusted the result by a factor 1/2 also for
neutral masses (g = 0). From (194) can be seen that there
is an upper limit m,, = /ch/ 72 1, (for n=1) which
is (regarding the order of magnitude) identical to the
maximons once conceived in particle physics [77].%

m(n,q) = %m(n) Ng Mg = (195)

-9 - —
66 a= (2”)519,19 =5n+2\n+1Ln=n,.
67 which were not necessarily supposed to be real particles. Here the
actual hypothetical maximon mass 4/ch/y only appears as a gauge
factor.
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M.3 The minimal mass

In chapter V.1 “The minimal complex condensation” of
[44] Heim derives a minimal mass for matter quanta, i.e.
for the c and d hermetries, based on the results described
in the two previous subsections. Starting from the relations
(190), one can derive p?> = eR A, with A defined as in (187)
which can also be expressed through the metron and the
Compton wavelengh as A = i The last two expressions
combined give eR, 7 = 24p°.

Referring to formula (194), Heim now reasons that
a minimal mass is reached for a maximum number of
metrons n = ny by which the distance R, is represented.
In the metron picture he makes the ansatz that the volume
2Ap* is projected onto the meridian plane of the matter
quantum m by a grid selector C which operates on the
number of metrons Cn = p\/?n. Here p is a projective
factor.®® Then the field source is expressed by this metron
number n along the distance R,: eR, 7 = 24p? = FCn =
pF \/;n where F is the unit area that, according to a
projection of all spatial potential areas of the field structure
in the plane R,, is limited by a contour line: F = nsf)

for spherical potential areas and pz\/l? = s, = 1[m], thus
p = x71/49 Then

68 We use p instead of Heim’s notation € to avoid confusion with the
other factor € already introduced above.

69 Phrasing of [55] used and translated. The relation pz\/F =5, is
not clear to the author.

DE GRUYTER

e\/TR, = pFn=n*/*n (196)

results. From this relation and from (188), which is
an optimal approximation for a minimum mass, n =
;:3 /’fy’j: -4/7 can be obtained. For this minimum and thus a
maximum n = ny, (194) and (195) can be approximated as

< m )4 _ oy 1
m ) — ~ L
Uy (2ny—1)? 2ny’

both expressions for n,ny yields

4
hence ny = % (%) . Equating

32 h? 4
30/ \/_ - ’74 and
thus, with the expression (193) for 7, the minimum mass
results as

(197)

VLI ch
= V" _3ayhy/ -
" Chgy/My I 3y

Inserting the fundamental physical constants c, i
and y gives m; = 0.5137 MeV for charge number g =1,
which is close to the mass of the electron. For ¢ =0
formula (197) yields m, = 0.5069 MeV. Finally, Heim
considers the value mg = m,;/n, = 0.5189 MeV which
can be considered as neutral complement of m, accord-
ing to (195). In the frame of his full mass spectrum
theory (which we do not follow in this paper due to
the reasons mentioned in Subsection 4.1), Heim derives
a more complex formula which reproduces the electron
mass even better, and he associates m,, with a speculative
neutral electron which, however, has never been found
in experiments so far (but cannot be easily detected
either).



Non-linear field theory 779

T. Warmann

DE GRUYTER

%720 1570071 vt 6%7°€6€T vt 6%7°€6€T 71 6%7°€6€T oY 0¢ [4 [4 00°TT¥1 (ozwn)'o
8€'T A NI AN /80 £E'8IY1 001 €T0EVT 801 9T’ TEVT 1% 134 4 1 009171 (sTvT)'y
65°0 16°00%71T 60'1 6%7°€6ET 60°T 6%7°€6ET 60'T 6%7°€6ET ot (114 [4 4 08°'80%71 (soyT)k
58°0 069°99€T €0 G9'8G€T 8%7°0 G9°09€T 940 8G°19¢€1 6¢€ 6¢€ [4 T 00°%7S€ET (oow1)tz
09°99¢€T G9°89€T G9°09€T 86°19¢T 6¢€ 6€ [4 T 0049T-00CT (02£1)%

€0'T 8¥7°0€ET €9°0 [4:RX49" 180 [ WX49" 660 88°6C¢tT 8¢ 61 [4 C 06'9T€1 (ozeT)p
SE0 YANTYAN 980 86'88¢C1 0.0 88°06¢CT 790 06°'16C1T VA3 yAS C T 00°00€1 (ooeT)x
110 LY7°96C1T 6€°0 86°88C1T 720 88°06CT 910 06°T6¢CT yAS JAS [4 T 00°'76C1 (s6cT)U
90°1 1%°96C1 99°0 86'88¢C1 0/°0 88°06C1 8/°0 06°16C1 yAS yAS 4 1 06°18C1 (s8zn)Y
FAN 1Y7°96C1 90°'1 86'88¢C1 |48 88°06¢C1 6C'1 06°16¢C1 yAS L€ [4 T 06°9/C1 (ozzn)Y
FAS) LA T44" /80 0c61CT [9A] octeet €9°0 ceeeet 13 S€ [4 T 00°0€CT (09z¢1)'0
€€°0 LAATAA! £8°0 0c61C1 £9°0 oc'tect 65°0 ceeecet S€ S€ 4 T 05°6CC1 (sezn)'q
16°0 7'estl o't €961 71 €9°TISTT ST'T 79°CST1 €€ €€ 4 1 009911 (0211)'y
0%7°0 £€°910T 060 8C°010T 10 81°C10T 790 81°€10T 6¢ 6¢ [4 T 976101 (ozo1)¢
70°0 9€'086 9%7°0 7%°6.6 9%7°0 7%°GL6 9%7°0 7%7°6.6 8¢ 71 [4 [4 00°086 (086)°p
£6°0 9€'086 71 w%°6/6 71 w%°6/6 71 7%°6/6 8¢ 71 [4 4 00066 (086)%
o€t €976 6.1 19°0%76 691 19276 6%7°1 05°€Y76 yx4 /T [4 T 8/°/56 (856) 1
89°T 8C°0/LL £0°C 7'992 65T cc0LL o€l 19°¢/L [44 12 4 4 59°C8. (c8L)®
%79°0 87044 711 7992 59°0 cT0LL 9€°0 15°¢LL [44 17 [4 [4 9C°9L. (022)d
L1°9GY 88°CaY 6/%75Y €9°99% €1 €1 [4 T 055-00% (009)%

[Tar4 0C'09¢ 7.1 0%7°/9S 7.1 0%7°/9S 7.1 0%7°/9S 91 8 [4 4 98°/%79 ]
9/°'¢ S0°0%1T 7Te SE6ET 7Te SE6ET 7Te SE6ET k4 [4 [4 4 86°7€T o¥
€0 S0'0%1T 910 SE6ET 910 SE6ET 910 SE6ET k4 [4 [4 [4 LG9°6€T £
:pasnoApbljun

:SUOSI

00 0'8zLtLt [4n? 7°100°T/1 [4? #°100°TZ1 [4? #°100°TZ1 [ 9¢ 14 4 0°09/°TL1 1
1670 ¢q'10Cy 10°0 /%7°081Y 10°0 /%7°081Y 10°0 /%7°081Y oct 09 4 [4 00°081Y q
S2°0 9%7°09¢1 STl ANATA" STl LANATA! STl LANATA! 9¢ 81 [4 4 00°04¢1 2
%700 61°9CS 9%7°0 96°CTs 010 VA4 200 7€°9CS ST ST [4 T +x00°GCS s
%70°0 ITate 9%7°0 AR 71°0 w7°q1E L€°0 91'91¢ 6 6 [4 T ++00°GTE p‘n
:$H4enp

6%7°0 99°68/1 10°0 0£'92.1 ot'o 09'8Z/1 910 996111 1§ 14 4 1 98°9//1 2
65°0 70°50T 60°1 16701 €°0 €7°901 150 97'901 € € [4 T 99°901 n
00°0 1150 00°0 115°0 00°0 115°0 00°0 115°0 T 1 0 T 115°0 3
:suojdan

% 10113 "3 % 10113 | % 40113 01T=2 7% % 10113 60=2"'3 Nw N u w (A2W) ssew 3)died

*SUOIWI3Y pUB SUOSOQ Y}Oq 10 PAIMO]Je (Z ‘T = W) SHUN SSBW JO SISqWINU PPO pue UdAJ T 3]qe] U] Se J150] dWes *3°| ‘T 0LIBUIIS 10§ A Ul (S9SSew) SaISIaua 1S3l Jo uolje|ndje) :z ajqel

wn.i)dads ssew pajejnijed 33a)dwo) :N xipuaddy



DE GRUYTER

Non-linear field theory

T. Warmann

780

61°0 715661 z€0 T/'5861 zTo 79°/861 /170 898861 LS 5 z 1 00°7661 (0z0)Y
86°0 /°0€0¢ 8%7°0 95°020¢ 99°0 9€°720¢ 82°0 799207 8¢ 6T z z 00°110¢ (0t00)Y
z10 12°0961 290 680561 290 680561 790 680561 95 8T z z 00°€961 (5007)%x
62°0 71'5661 120 T/'5861 zro 79'/861 £0°0 89'8861 15§ /5 z 1 00°0661 (0661)d
4] 12°0961 ¢80 68°0961 80 68°0961 80 68°0961 99 214 4 4 00°/961 Aommsqc
8Tl 12°0961 120 680561 12°0 680561 120 68°0561 95 8T z z 00°9€61 (0s61)Y
LT°0 0/'ST61 12°0 S0'9161 89°0 S6°L161 790 006161 1 1 z 3 00°T€61 (0561)°p
6%7°0 690681 66°0 127°1881 61°0 10°588T 190 1T°/881 g /T z z 000061 (ot61)Y
6%°0 69°0681 66'0 17°1881T 61°0 10°5881T 190 1T°2881 g 1z z z 00°0061 (006T1)d
68°0 69'0681 8€'0 17°1881 65°0 10°5881T 1270 172881 g /T z z 00781 (0881)%x
%20 £9°558T y2°0 8€°9y8T 7€°0 LT'8Y8T 0%7°0 €£€°6Y81 €5 €5 z 3 00°T%81 (0£8T1)%U
60°0 19°558T 17°0 8€°9Y81 1€°0 LT°8Y81 ST0 €€°6%81 €5 €5 z 1 00'%7581 (058T1)¢¢
z€0 990281 780 7S 1181 z8°0 7S 1181 780 ¥ 1181 43 9z z z 05°9281 (S€8T)X
1€°0 99°0C81 61°0 79°T181 61°0 791181 61°0 791181 4] 9¢ 4 4 00°6918T Aoﬁwcm\
65°0 99'0781 80°0 ¥ 1181 80°0 ¥ 1181 80°0 76 1181 s 9z z z 00°0181T (008T1)%
200 £9°05/1 zs'0 98'1%/1 0€°0 99°6%/1 81°0 T6°LYLT 0s T4 z z 00°1S/T (09£1)k
89°0 ¢9°'ST.1 81°0 €0°20.L1 6C°0 76°80.1 S€°0 16°60.1 6% 6% 4 T 00°7041 8:3@
790 T9'STLT zro €0°£0/1T €20 76°80/1 670 16°60.1 6% 6% z 3 00°50/1 (00ZT1)%p
ST0 79'ST/1 S2°0 €0°20/1 79°0 76°80/1 85°0 16'60/1 6% 6% z 1 00°0Z/1 (00z1)d
8470 19°0891 86°0 61°TL91 86°0 61°TL91 86°0 61°TL91 8y T z z 088891 (0691)%d
70°0 19°0891 9%°0 61°7/91 9%°0 6177291 9%°0 6177291 8y T z z 000891 (0891)¢
09'0 19°0891 01°0 6177291 01°0 6177291 01°0 61°7291 8t vz z z 090291 (0£91)%x
80 19°0891 1€0 61°C/91 1€0 61°C/91 1€0 61°C/91 °1/4 T 4 4 00°£991 nomcsms
%90 19°0891 €1°0 61°7/91 €1°0 61°7/91 £1°0 61°7/91 8y T z z 000291 (0s91)®
0%°0 850191 06°0 15°2091 99°0 1€£°9091 750 15°8091 9y € z z 00191 (s791)%U
0%7°0 09°S%9T 01°0 SE° /€91 20°0 ST6£91 80°0 0€°0%791 LY LY z 1 00°6€91 (o791)Y
15°0 09'5%91 L0°T SE° /€91 $6°0 ST'6£91 68°0 0£°0%91 LY Ly z 1 005591 (o%91)'0
vzl 19°0891 €°0 61°7/91 €°0 6177291 €2°0 61°7/91 8y T z z 00°0991 (0091)"x
70°1 89°0191 €50 16°C091 1.0 T€°9091 16°0 /£9°8091 oY €C 4 4 00°%76S1 AmmmSE
SE0 15°62ST ST°0 897951 €0°0 856951 70°0 790451 St St z 1 00°0/ST (0251)d
60°0 95°0%ST 65°0 ¥8'7EST 65°0 ¥8°7EST 65°0 ¥8°7EST 7ty 44 z z 00°ZYST (s9s1)Y
8/°0 $5°50ST 8T'1 00°86%1 ST'T 06°66%1 80'1 ¥6°00ST £t £t z 1 0% L1ST (szsn)d
6%7'1 96°0%S1 86'0 y8°7EST 86°0 ¥8°7EST 86°0 ¥8°7EST 7ty 44 z z 00°81ST (otsT)Y
£0°0 $S'S0ST £€5°0 00°86%1 0%7°0 06°66%1 €0 76°00S T £t £t z 1 00°90S1T (00sT)%
0€°0 €5°04LY1 08°0 LTET 79°0 96°99%71 6€£°0 €T 6971 44 1¢C 4 4 00°94%1 GENC:
8€°0 €5°0L%1T €1°0 LTE9YT €1°0 96°99%1 670 €T 6971 T %4 z z 00°59%1 (os1)d
v7°0 €5°04Y1 10 LT E9YT 8%7°0 96°99%1 z€0 €T69Y1 T %4 z z 00" 7.1 (0s%1)°p
6€°0 7S'SEYT zro €€'8Ty1 200 £T0EYT 60°0 9T IEYT 117 11 z 1 00°0€¥1 (oev)Y
19'0 15°00%T 1T 6Y°€6ET 11 6%°€6ET AR 6%°€6ET oY 0z z z 00°0T#1 (ozy1)®
$9'0 AR A y1°0 £e'8Ty1 8Z°0 £T°0EYT SE0 9T 1EWT 7 14 z 1 0£°9Z¥1 (ozwn)Y
% loug "3 % Joug | % loug 0T=D % % loug «6°0=2 '3 Nw N u w (ASW) ssew ap1ed

(panunuod) :z aqel



Non-linear field theory 781

T. Warmann

DE GRUYTER

76'0 G8°9Y7ET €70 0T'%€€t 431} 00°9€€C 95°0 90°L€€C /19 .9 4 1 00°%7C€eT (ozeD)ty
8C°0 18'0%7¢C 8/°0 65°6CCC 8/°0 65°6CCC 8/°0 65°6CCC 79 [43 4 4 [\ WA 244 (osz)%y
/80 §2°990¢C 9¢€°0 0%7°950¢C S0 0€°£50¢C 15°0 9€°850¢C 6S 65 C T 00°8%70¢C Rqomi@
160 120961 170 68°0961 170 68°0961 170 68°0961 9% 8¢ C [4 00°€EY761 Aowms*w\
18°0 1/°0961 0€°0 68°0961 0€°0 68°0961 0€°0 68°0961 9¢ 8¢C 4 4 00°s%761 Smmva\
68°0 69°0681 8€'0 121881 65°0 10°9881 12°0 1T /881 14 LT C [4 00°%7/81 ((1%:29)
60°0 99°0¢81 170 791181 1%7°0 791181 170 791181 4 9C 4 4 00°6181 (oz8T)%N
795°0 §9°98/1 70°0 02921 sT'0 09'82/1 120 99°6//.1 19 19 C 1 00°9/2/1 Aowmcmx
12°0 §9°98/.1 1¢°0 0/4°9//1 [4N0] 09°'8//.1 8€°0 G9°6/L.1 19 19 4 T 00°€Z/1 Aommsg
71°0 AN VAS 79°0 €0°2041 €9°0 76°80.1 /%70 16'60.1 6% 6% 4 T 00'8T/1 (089T) )
16°0 19°0891 10°0 61°C/91 10°0 61°C/91 10°0 61°C/91 8% 24 [4 4 00°¢/91 ﬁomwsg
't 09°9%91 15°0 G€/€91 €9°0 ST6€91 69°0 0€'0%791 YA/ YA/ 4 1 00°6¢91 ((15°29)
8C°0 19°G/S1T 8/°0 89°/9S1 99°0 89°69S1 65°0 79°04S1 14 14 C 1 00°0841 (08ST)%N
¢.0 €95°0L%71 [4al} L1°€9%71 8%7°0 969971 £€9°0 €T69Y1 [4/4 1C 4 [4 00°09%71 (0971
070 CSSEYT 110 €eget €0°0 €T 0ENT 010 9T 1EYT 17 184 C T G8'6CY1 8@:@
72°0 (AN TAAN €00 €egent €0 €T oent 7%7°0 9T’ 1EVT 1% 1874 4 1 00°5CY1 8@:@
43" AN TYA% 10°T €E' 81 ST'T €T oYt [44n" 9T'IENT |84 18/ 4 T 00°7I%1 OT7T) N
81°0 15°00%71 89°0 6%7°€6ET 89°0 67°€6ET 89°0 6%7°€6ET oY 0cC C [4 00°€0%71 (oo#T)y
09°0 9%7°'09¢1 60°0 LANATAY 60°0 71'%s¢C1 60°0 71'%s¢C1 9¢ 8T C [4 00°€sC1 (ozzT)™y
08’1l €€°016 6C'1T 1/°506 121 15°606 161 98’116 9¢ €1 4 [4 72768 (¢68)x)
SC°00Z G/°969 527969 S5/'969 (114 (028 C C 0£.-0€9 Aoobmx

671 81°06% 661 L /8% [AAR" €9 16Y 9/'0 78°c6h 71 VA 4 [4 19°/6% o)
12°0 8T°06% 1C1 [YAVA 1] €7°0 €9°16% €0°0 78°€6Y 71 YA 4 [4 89°¢c6Y =
:abupo.uys

$8°0 06°98%7¢C €0 S elne o LA TAL4 90 17°9/%C 1/ 1/ C 1 00°59%7C (0150)%
89°0 98°9Y7€C 810 (274 9C°0 00°9€€C 0€0 90°L€€C 19 /9 C 1 00°0€€C (0s€0)sd
70°0 G8°GY7ET 90 0T'7€€C 8€'0 00°9€€C €0 90°L€€C 19 9 4 T 00°S7€C (ove)y
89°0 98°GYET 81°0 0T'7€ET 970 00°9€€£C 0€0 90°L€€C /19 19 4 1 00°0€€C (oc€)Y
Y70 78°0T€C €0°0 9T°66CC €10 90°€0¢€C €T°0 1€°90€C 99 €€ 4 4 00°00€¢ Aoommvd
09°0 78°01€C 01’0 9T°66¢CC 9C'0 90°€0€C 9¢€'0 1€°90€C 929 €€ 4 [4 00°26CC (oos)Y
ST'T £€8°G/¢CC 79°0 r'9¢e €0 €'99¢¢C 1.0 6€£°/9CC S9 S9 4 1 00°05CC (0szo)td
68°0 18'0%7¢C 6€°0 65°6CCC 6€°0 65°6CCC 6€°0 65°6CCC 79 [43 C [4 00°1CCC (sczok
7%7°0 18°'0%7¢C £0°0 65°6CCC £0°0 65°6CCC £0°0 65°6CCC 79 [43 4 C [ AX44 (ozza)Y
980 08°50C¢C S€0 SL761¢C 7%°0 S99°961¢C 6%°0 12°L61C €9 €9 4 T 00°/81¢C (00z0)Y
05°0 6,°0L1C 00°0 16°6S91C LT1°0 T2°€91C 8C°0 96°991¢C a9 1€ 4 4 00°09T¢ (021009
16'0 6/,°0/L1C 90 16°6591C 79°0 12°€91C 720 96°991¢C 29 1€ 4 [4 00°0S1¢C (os10)d
79°0 6/,°0/L1C €10 16°6591C 1€°0 12°€91C o 96°991¢C 29 1€ 4 4 00°4S1C (0s10)Y
12°0 9/°001¢C 0C'0 %72°060¢C 0C'0 %2°060¢C 0o 72°060¢C 09 o€ 4 [4 00'980C (0010)Y
15°0 9/°001¢C 100 %#2°060¢C 100 %#2°060¢C 100 %2°060¢C 09 019 4 C 00°060¢C (0017)%¥
% 410113 "3 % 10113 3 % 10113 0T=2% % 10113 6°0=)"'3 Nw N u w (A°W) ssew 3iyued

(panupuod) :z 9)qey



DE GRUYTER

Non-linear field theory

T. Warmann

782

91°0 1072045 €0 1%7°8295 1€°0 1£°0895 62°0 147°1895 €91 €91 z 1 00°8695 (ceL9)g
8C°0 80°CY.S o TEETLS o TEETLS (44 TEETLS 791 8 4 4 01°9C/.S oQNmmVHm
87°0 80°TY.S zTo0 TEETLS zco TEETLS zTo TEETLS 791 8 z z 06°S7/S +17L9)'s
19°0 76°95€S 01°0 0T°0€€S y1°0 00°7E€S 91°0 0T°€€€S €1 €51 z 1 0L7TES ;|
¥1°0 26°982S 9¢°0 £7°09¢5 €€°0 £€°79¢S 1€°0 TrE9zs 151 181 z 1 $9°6.C5 od
7170 7679825 9¢°0 £7°0925 z€0 £€°7925 0£°0 Tr'€9ts ST ST z 1 v€'6.TS =4
‘wojoq

£0°0 01°9%0€ £47°0 #8°0€0€ LE°0 7/°T€0E €€°0 78°€£0¢ /8 /8 z 1 00"47%70€ =(0v0€)"a
LE°0 ¥0°1/8¢ €1°0 99°958¢ 00°0 $%°098¢ 80°0 0£°798¢ 8 7 z z 05°098¢ +0980)%a
o 70°1/8¢ 80°0 99°958¢ S0°0 S%°098¢ £1°0 0£°798¢ 8 7 z z 00°658¢ +(09820)%a
¥8°0 66"0€4T €€°0 1€°/142 190 01'12/2 95°0 9€°€T/T 8/ 6¢€ z z 0£'80/¢ +0020)%a
$8'0 76065 €0 96°£15T 6%°0 9/°185¢ 85°0 10'85¢ v/ L€ z z 01°695¢ (€250)%a
780 £6'555¢ ze0 TrEnse 6€'0 z0°s¥SeT £7°0 60°9%5T €/ €/ z 1 11°S€SC =(9gs0)¥a
S0 68054 $8°0 19'8€#T 69°0 17 Thre 090 99°7474C oL 1 z z 05°65%¢ 09%70)"a
0€'0 ¥8°01€C 08°0 97°66C¢ 79°0 90°€0€T 750 1€'50€T 99 €€ z z 08°/1€C 1€0%a
[a LL'SETC 19°0 £0°SC1C 040 16°9C1¢C S0 €0°8CTC 19 19 4 T (\raranvd HmQ
6£°0 1270961 68°0 680561 68°0 68°0561 68°0 680561 99 8T z z 7£'8961 +d
..m%tbtw ﬁm:tutu

zz0 VAN k44 8Z°0 £0°502€ 87°0 £0°502€ 8Z°0 £0°502€ z6 9t z z 0041Z€ 0(000€)a
60°0 00'994¢ 70 71°C9.¢C 7€°0 70°%79/.¢C 0€'0 [4N T VA4 6L 6. 4 T 09°€9/¢C AOmvamQ
70 66"0€.T TL0 1€°414T 85°0 01°124C 05°0 9€°€T/T 8/ 6¢€ z z 00°/£/T o0v22)a
16°0 16°099¢ 0%7°0 €9'/%9C 0%7°0 €9°/%9¢ 0%°0 €9°/%9¢ 9/ 8¢ z z 00°££9¢ +07920)xa
110 $6°579¢ 6£°0 08°719¢ ze0 69719¢ 870 12°S19¢ S/ S/ z 1 00°€79¢ (0092)/a
1€°0 £6'555¢ 18°0 TrEnse /0 70°5¥ST 02°0 60°9%5C €/ €/ z 1 00°795¢ 0(0552)a
£8°0 06°58%¢ £€°0 SH'ELYT 0%°0 vE'SIYT S7°0 17°9/4¢ 174 1/ z 1 0%"'S9%C +09v0) <@
6€°0 68057 68°0 19'8€4¢ v'0 I7°Trye $9°0 99" 7777 0L 1 z z 95°09%¢ o(09vT) <@
86°0 68°05%C 8%°0 19'8€4¢ £9°0 I7°Trye €2°0 997777 0L 1 z z 00°22¥¢ o0ErD)ta
0€°0 88°51#C 08°0 LL€E0YT zL0 19°50%¢ 890 72°90%C 69 69 z 1 0z'€Tye =0zve)ta
61°0 88°S1HC 69°0 LL€0YT 19°0 19°50%¢ 15°0 72°90%C 69 69 z 1 05°0THC o0zve)ta
£1°0 S8'SYET £9°0 0T'7EET $5°0 00°9€€C 15°0 90°LE€T 19 19 z 1 00°6%7£C +00€2) 20
170 ¥8°01€T £0°0 97°66CC £1°0 90°€0€C €2°0 1€°50€¢ 99 €€ z z 00°00£C o(00€2) va
701 ¥2°0£02 15°0 95°020¢ 020 9€470¢ 18°0 79'970¢ 8¢ 6T z z 9Z°010¢ £(0102)xa
S50 TL5661 S0'T T/'5861 96'0 79'2861 16°0 89°8861 1S /5 z 1 $8'900¢ 0(£007) xa
6%7°0 19°558T 66°0 8€9y8T 68°0 LT°8Y81 £8°0 €€°6Y81T €5 €5 z 1 €8'7981 od
€1°1 69°0681 790 12°1881 780 10°5881 760 LT°/881 v Vi z z $9°6981 =a
:pauwlipyd

750 €1°9T1€ 20°0 7S°001€ 80°0 I7°201€ 110 05°€01€ 68 68 z 1 00°001€ (00TE)N
91°0 06°58%¢ 99°0 SH'ELYT 65°0 v SIYT $5°0 17°9.%¢ 1/ 1/ z 1 00°06% (0052)"y
S0°0 98°08€T S50 £6'89€¢ S50 £6'89€¢ $5°0 £6'89€¢ 89 € z z 00°T8€T (08€2) )
% loug "3 % loug t3 % Joug 0T=D % % loug «6°0=2 "3 Nw N u w (ASW) ssew ap1ed

(panunuod) :z aqel



Non-linear field theory 783

T. Warmann

DE GRUYTER

10°0 67°960%7  6%°0 96'5.0%7  wv'0 98°2/0% o $6'8/0% 11 A A A/ 1 00°960% =00TH)x
81°0 71907 TE0 TUIYoY  T€0 T IYoY z€0 AR 911 8¢ z z 00750 =(5s0m)X
97°0 I7'190%  %T°0 TUIYoY 920 ARLIYS ¥2°0 Z1 1Yoy 911 85 z z 00°150% +(050%)X
95°0 I7'190%  §0°0 TUIOY  S0°0 ARTIY: $0°0 TARTIY: 911 85 z z 00°6£0% (0%70%)+h
90°0 9%'9z0%  ¥%'0 6T°900%  0%°0 81°800% LE°0 1T°600% S11 1T € 1 01720V +0zomx
L€°0 €796 ¥1°0 19°'9€6€  60°0 15°8€6€ 90°0 09°6€6€ €11 €1 ¢ 1 00°TY6€ (0%6€)X
18°0 €796 LE°0 19°'9€6€ 70 15°8€6€ 70 09°6€6€ €11 €L ¢ 1 07°TT6€ (0£6€)%X
80°0 rIeeE Tro LL'T06€  TVO L1'T06€ A LLT06€ 41 95 z z 07'816€ (ST6EX
$8'0 TrIT6E ¥EO LL'106€  %E0 L1'T06€ €0 L1'T06€ ran 95 z z 07°888€ (006€)°z
8€°0 17°988¢ 10 ¥6'998¢  £0°0 £€8'898€ $0°0 76°698€ 11t 1A S 1 69°1/8€ (cL8)VX
€9°0 17988 €1°0 ¥6'998¢  81°0 £€8'898¢ 12°0 76°698€ It A SR 1 00°298¢ (098€)®X
€20 ov'1$8€  8C'0 01'z€8¢ 810 06°5€8€ z1o y1°8€8€ o1l ss z 4 1L Th8E (zy8e)Esm
920 07’158 9T°0 01'7€86  9€°0 06°'5€8€ o y1°8€8€ o1l ss z z 07°7Z8€ (€z8€)eh
0z°'0 LE18/E  0€0 TrT9LE  0€0 TrT9Le 0€°0 TrT9LE 801 4G z z 0L°€LL€ (022€)h
890 SETILE 810 $/°T69€ 80 $5°969€ €0 61°869¢€ 901 €5 z z 01°989¢ (s7)
11°0 TETHIE  0%'0 80°€Z9€  0%'0 80°€79€ 07°0 80°€79€ %01 zs z z 05°2£9¢€ (s7)°k
€70 0€'T/5€  80°0 O7'€ESSE  €0°0 0T 255€ 60°0 SY'655€ z01 15 z z L1°965€ @n®x
1€°0 8795 61°0 96'815€  #1°0 9%°0Z5€ 11°0 §§°1ZSE 101 0T ¢ 1 8€°57SE @)’y
€20 8T'9€5€  TC0 96'815€  8T0 9%°0Z5€ 1€°0 §§°1TSE 101 10T ¢ 1 19°015€ @nvx
8%°0 YTIEVE 200 SOVIVE 6070 $8°/1HE 91°0 0T°0ZYE 86 6% z z TLY1YE dn®x
790 €1°9T1E  TT°0 7S°00T€ 810 17°201€ 12°0 05°€0T€ 68 68 z 1 06°960€ (sTyM/f
16°0 60°TI0E 140 10°9667 €50 086667 19°0 $0°200€ 98 €y z z 06°€86 (ST)’k
P

8€°0 05°2689  €1°0 ¥6'7989  01°0 87989 80°0 76°5989 161 161 ¢ 1 09°1/89 =52)’g
70 6T°C0€9  £0°0 12029 100 1270429 £0°0 12°0/29 081 06 z 4 067279 b
‘pawibyd hEOtOQ

05°0 €1'7885 10°0 997585 10°0 997585 10°0 997585 891 8 z z 00°€585 (0589)~8
7.0 €1788s  ¢C0 99'7585  TT0 997585 7T 997585 891 8 z z 98'6€85 o(0789)5d
z€0 TUIY8S 610 78185  ST°0 TL618$ ¥1°0 78°078$ 191 91 ¢ 1 0/°8785 0(0€89) g
€9°0 €009 €10 96°€/55 €10 96°€455 €1°0 96°€456 091 08 z z 06'9955 +8959)X
12°0 16°9TYS 620 8/°66€5  STO 19°10%S €00 L1°TOYS 19 $ST T 1 07'SIYS M:)
170 96'16€5  %0°0 ¥6'79€S  €0°0 /°89€§ 80°0 86°0L€S 21 Ll z 4 88'99€6 o
..mm:utw “EOEOQ

1T°0 I1°/865  €T°0 I1°/565 00 10°6565 81°0 L1°0965 11 T T 1 00°T6S 0(0£69)'g
6€°0 L1186 11°0 L1°/565 800 L0°6565 90°0 110965 11 T ¢ 1 007965 +0269)'g
€€°0 €1°7885 810 99:7585 810 997585 81°0 997585 891 48 z z 00°€985 o(0v89)'g
€5°0 €1°7885 €00 99°7585  €0°0 99758 €00 99°7585 891 8 z z 00°1585 +(ov89)'g
99°0 01225  §1°0 ST'8v.S 810 $0°052§ 070 ST'15/5 $91 9T ¢ 1 05°6€25 o9 g
020 01°LL5  61°0 ST8YLS  TT0 $0°052§ ¥2°0 ST'15/§ <91 91 ¢ 1 0T°2€45 Huyis)ia
% o3 '3 % o3 f3 % loug  L0T=D %3 %o ,.60=D)"'3 Nuw N u w (ASW) ssew apIMed

(panupuod) :z 9)qey



DE GRUYTER

Non-linear field theory

T. Warmann

784

9€°0 96'€76°01 ST°0 £7°698°01 ST°0 £2°698°01 S1°0 £7°698°01 zie 961 z z 0Z°588°01 (0980T) L
790 76'818°01 110 TL%92°01 £1°0 19°992°01 ¥1°0 T2°192°01 60€ 60€ z 1 0£°752°01 (€SZ0T)X
89°0 68°€T/0T 80°0 02°0990T 11°0 00'%799°01 €1°0 %2°99901 920¢ €StT 4 4 0C°C99°0T SmcosaN
SE0 98°€79°01 91°0 £5°065°0T 91°0 £5°065°01 91°0 £5°065°0T 70€ zst z z 0T°£09°01 (01901)%7
19°0 98°€79°01 11°0 £5°065°0T 11°0 £5°065°01 110 £5°065°01 70€ st z z 0%'6.5°01 (32D
170 €8°€/5°01 €0°0 $8'075°01 10°0 S9'HTS‘0T £0°0 6897501 zog ST z z 0072501 de“x
15°0 £€8°€/5°01 100 $8°075°01 11°0 $9'77S 01 £1°0 6897501 zog 161 z z 0%"€15°01T de)rx
0 11°86€°01T 80°0 19°9%7€°01 90°0 15°87€°0T S0°0 19°6%7€°01T 162 162 z 1 0Z'SSE0T (se)x
65°0 G/'8TE0T 80°0 66'9/7°01 010 68'8/7°01 11°0 00°08Z‘0T S6C S6C 4 T 59°89C°0T ESE&
£€°0 €°€67°01 /1°0 91Ty 01 €1°0 S6°S7T0T IT°0 61°87°01 76¢ yAas z z 08°652°01 (d0)y
LE°0 €°€62°01 €1°0 91T 01 60°0 S6°S7T0T £0°0 61°87°01 762 yaas z z ATTA) dorx
090 €1°€67°01 60°0 91Ty 01 €1°0 $6'S%7°01 S1°0 61°8%72°01T 761 yaas z z 05°7€T°01 %
65°0 12°€22°01 60°0 8%7°TL1°01T 60°0 847°TL1°01 60°0 8%7°7/1°01 z6t ol z z 0£°€91°01T @n)x
09°0 99°€80°01T 01°0 £1°€€0°01 01°0 £1°€€0°0T 01°0 £1°€€0°01 887 771 z z 9T°€70°01 (sox
05°0 79°870°01 10°0 0€°'8666 10°0 61°000°0T c0°0 0€°1000T /18T /18T 4 T 00°'6666 Ammva:
70 19°€%66 61°0 8/°€686 61°0 8/°€686 61°0 8/°€686 8¢ 4/ z z 12°7166 dn)®x
S0 19°€%766 90°0 8/°€686 90°0 8/°€686 90°0 8/°€686 8¢ A z z 0£°6686 dn)%
150 19°€%66 10°0 8/°€686 10°0 8/°€686 10°0 8/°€686 8¢ &2 z z 8/°7686 dnrx
05°0 65°8066 10°0 $6'8586 10°0 ¥8°0986 £0°0 $6°1986 €8¢ €8¢ z 1 7%°6586 (d1)%%¥
0£°0 7%7°8876 120 06°0%7%6 61°0 08°Th%6 10 06°€7%6 142 1.T z 1 0£°09%6 (STX
89°0 €7°ES6 80°0 90°90%6 AN} 98°60%76 710 0T'C1Iv6 0/t SET 4 4 0/°86€£6 AmSﬁS

wqq
8470 12°9TLY 20°0 €0°€0LY 20°0 £6°70.LY 700 20'90.% SEl g1 z 1 00"70.% (00s7)®X
15°0 69°959% 10°0 9€°€€9Y S0°0 STSE9Y £0°0 SE9E9Y €€t €€t z 1 00°€€9Y (099%)h
¥2°0 79°915Y LT°0 10'7647Y zTo0 16°S61Y 0z'0 00°L6%7Y 621 621 z 1 00°905% (00s7)®X
80°0 €918y 7’0 L1°69YY 70 L1°69YY o L1°69YY 8¢C1T 79 4 4 00°8.%% ﬁomqiuN
85°0 19°9%7Y 80°0 £EHTYY zro €T 9Ty 710 ze LTy lT1 LT z 1 00°1ZHY (STHH) M
9%°0 09°T1Y S0°0 05°68€Y 70°0 6T°E6EY 60°0 ERTI 9z1 €9 z z 05°'16€Y (06£y)h
0Z°0 65°9/€Y 1€°0 99°75€Y 9z7°0 96°96¢€Y ¥7°0 $9'/5EY 143 141 z 1 00°'89€Y (09€h)/h
090 65°9/€Y 60°0 99°75€Y ¥1°0 96°95¢€Y 91°0 §9°/5€Y 14 143 z 1 09°0S€y (0SEMX
90°0 SS'TLTY 95°0 S1°052Y %0 v6°€STY o 61°95CY zzt 19 z z 00"7.TY (WLey)VX
6€°0 75°9€TY 1T°0 151y £0°0 1T /1Y 70°0 0€°81ZY 171 171 z 1 00°0ZZY (09zH)h
S50 SS'TLTY S0°0 ST 0STY ¥1°0 v6°€STY 61°0 6179571 zzt 19 z z 00°8¥7TY F0szh)X
2.0 SSQTLTY 9¢°0 S1°0SCY S€°0 VX3 T4 %70 61°949CY (44 19 4 4 00°6€£CY Aoqmqv%m
6£°0 75 9ETY 110 1€°SITY £0°0 (X AYAR 4 700 0£°81TY 114 X4 z I 00°0ZZY (ogzh)h
£1°0 zstoTy LE°0 L7081y LE°0 [7°081Y LE0 L%7°081Y ozt 09 z z 00°961% (0ozy)’z
S0 15°991% ST'0 £9°SH1Y 0Z°0 £5° /0Ty 81°0 X AR 611 611 z 1 00951 (091H)X
ST°0 zs 10Ty ST'0 147°081Y ST'0 17081y S0 1%7°081Y 0z1 09 z z 00°161¥ (091%)h
8%°0 15°991% £€0°0 £9°SH1Y 20°0 €5 /[Y1Y 70°0 79'8y1Y 61T 611 z 1 08971y (owiy)X
% loug "3 % Joug t3 % lou 0T=D% % loug 6°0=2"'3 Nw N u w (ASW) ssew ap1ed

(panunuod) :z aqel



Non-linear field theory 785

T. Warmann

DE GRUYTER

o 0/4°9¢61 L0 G0°9161 90 G6°/161 29°0 00°6161 SS qq [4 T 00°0€61 (os61)V
1¢°0 C.°9661 120 C/.°9861 c9°0 79°/861 29°0 89°8861 VA VA 4 T 00°000¢ (ov61)V
S50 1.°0961 S0°0 68°0561 S0°0 68°0561 S0°0 68°0961 94 8C 4 4 000961 (oc61)V
0€0 0/4°5C61 1¢°0 S0°9161 11°0 S6°L161 S0°0 006161 SS SS 4 T 00°0C61 (oz61)V
6%7°0 69°0681 66°0 1¢°1881 6.0 10°6881 £9°0 1T°/881 4 LT 4 4 00°0061 (ot16T)V
19°0 69°0681 90°0 1C°'188T1 LT°0 10°9881 6£°0 1T /881 4] LT 4 4 00°0881 (so61)V
€T0 £9°9981 €0 8€'91781 £€9°0 LT°8Y781 VAN €E€°6781 €S €9 [4 T 00°0981 (o061)V
e/u (0ssm)V

€€0 [ R VAS L1°0 €001 90°0 ¢6°80.1 00°0 L6°60.1 6% 6% 4 T 00°0TZT (0041)V
70°0 89°0191 917°0 16°C091 €C0 1€°9091 60°0 £9°8091 9% €C 4 4 00°0191 (ozo1)V
S€0 VAR VAN ST°0 89°/941 €0°0 8976941 70°0 79704591 St Y 4 T 00°04s1T (o091)V
£€9°0 VA TAAN €0°'T 0€°61CT 88°0 oc'tcet 61°0 ceeect T3 13 4 T 00'zect v
£€9°0 §6°979¢C €00 08°C19¢C 010 69°'719¢C 71°0 £/1°919C VA VA 4 T 00°C19¢ (00LO)N
S€0 76°065C $8°0 96°//.S¢C 0/°0 9/°184¢C ¢9°0 10°'78S¢C 7/ VAS 4 4 00°009¢ (009N
81°0 €8°9/tC¢ 89°0 r'r9ce 090 ¢€'99¢CC G50 6£°/9CC 9 9 4 T 00°08¢¢ (0STON
ST'1 £€8°9/¢C¢C 79°0 9t €20 ¢£°99¢C¢ L0 6£°/9CC S9 9 4 T 00°05¢CC (ozzON
f4/al] 6/°0/1C ¢6°0 16°6S1C S.°0 12°€91C 79°0 96°991¢C a9 1€ 4 4 00°08T¢ (06TON
/.0 LL'SETT 7T'0 £0°SC1C €€°0 16°9C1¢C 8€°0 €0°8CTC 19 19 [4 T 00°0¢tc (ozTON
70°0 9/°'00T¢ 917°0 72°060¢C 9%7°0 72°060¢C 9%7°0 72°060¢C 09 o€ [4 4 00°00T¢C (001N
70°0 9/°00T1¢ 917°0 72°060¢C 917°0 72°060¢C 9%7°0 72°060¢C 09 o€ 4 4 00°00T¢C (090N
1¢°0 C.°9661 120 C/.°9861 ¢9°0 79°/861 190 89°8861 19 LS 4 T 00°000¢ (000N
€50 7/°0€£0C €0°0 94°0¢C0C o 9€°720¢C €€0 ¢9°9¢0¢ 89 6C 4 4 00°0c0¢ (066T)N
0€0 0/4°5C61 1¢°0 G0°9161 110 S6°L161 S0°0 00°6T61 S SS 4 T 00°0C61 (006T)N
€T0 69°0681 €0 1C° 1881 £€9°0 10°9881 70 1T /881 79 LT 4 4 009681 (968T)N
VAN 69°0681 90°0 1C°1881 LT°0 10°9881 6£°0 ,T°/881 4] Vx4 4 4 000881 (088T)N
78°0 69°0681 €€0 1C°1881 £9°0 10°9881 590 LT /881 4] Vx4 4 4 00°6/81 (S£8T)N
S0 [ R VAS S0 €001 79°0 ¢6°80L1 859°0 L6°60.1 6% 6% 4 T 00°0C.1T (0ZZT)N
€€°0 [ R VAS L1°0 €0°L041 90°0 ¢6°80.1 00°0 L6°60L1 6% 6% 4 T 00°0TZT (OTZT)N
S0 ¢9°ST.1 S0 €0°L041 79°0 76°80.1 8590 £6°60L1 6% 6% 4 T 00°0C.1T (00ZT)N
90 19°0891 9.0 61°C/91 9.0 61°C/91 9.0 61°C/91 8% 7T 4 4 009891 (089T)N
€€0 19°0891 /1°0 61°C/91 L1°0 61°C/91 L1°0 61°C/91 8% g4 [4 4 00°9/91 (SZ9T)N
LT°0 09°9%791 2.0 GE° /€91 $9°0 ST 6€91 65°0 0€°0%791 YA/ VA/4 4 T 000991 (099T)N
69°0 9¢°0%S1 61°0 78°C€EST 61°0 ¥8'Ceqt 61°0 78°C€EST 717 [44 4 4 00°0€sT (SESTIN
¢9°0 FERTIA (4" 00°86%71 00'T 06°66%71 €6°0 76°00S1 ey (24 4 T 00°9T1ST (0ZSTN
1€0 [ANTAY 18°0 €E'8I1l 89°0 €T oV 19°0 9T IENT 14/ 18/ 4 T 00°07%1 (o7 TN
19°0 7E°9%6 11°0 19°0%6 1€0 19°CY6 7o 05°€EY6 LT LT 4 T 1S°6€6 u
S0 7E°9%6 sC0 19°0%6 Si7°0 19°C%6 9¢°0 05°€E6 LT Vx4 4 T 1T°8¢€6 d
:suoAieg

89°0 10°'790°TT 80°0 85°'800°TT 80°0 85°800°TT 80°0 85°800°TT 91¢ 891 4 4 00°000°TT (ozotT)X
% 40113 "3 % 10113 £3 % 410113 0T=) % % 40113 6°0=2 "3 Nw N u w (A°W) ssew 3)diled

(panupuod) :z 9)qey



DE GRUYTER

Non-linear field theory

T. Warmann

786

£€°0 19°0891 /10 61°TL91 /10 61°TL91 /1°0 6177491 8t 124 z z 00°5/91 (0291)%
vT1 19°0891 €2°0 617491 €2°0 61°TL91 €20 6177491 8y T z z 000991 (0991)
96'0 15°00%T A 6%°€6ET A 6%°€6ET S0 6%7°€6ET oY 0z z z 07'/8€1 _(s8€1)X
1¢1T 15°00%71 1.0 67°€6ET 1.°0 617°€6ET 120 617°€6ET ()4 0¢ 4 4 0/°€8€T o(G8€T)X
8T'1 15°00%1T 120 6%7°€6ET 110 6%°€6ET 110 64" €6ET oY 0z z z 08°78€1 +(S8€NX
65°0 £7°0611 80'T L7y81T 110 LT°8811 85°0 760611 g i1 z z S /611 ¢
61°0 70611 69°0 74811 LE0 LT°8811 81°0 750611 g 1 z z 797611 oX
60°0 £7°06T1 170 174811 60°0 178811 01°0 750611 g 1 z z 8€°6811 +X
£2°0 76065 1T°0 96'£15T £1°0 9/°185¢ 70°0 10852 v/ L€ z z 00°585¢ 58SV
81°0 §8°9heC 89°0 0T'eee 09°0 00°9¢€¢€¢ 9590 90°L¢€¢€C 19 .9 4 T 00°09€C (osc)v
06°0 ¥l 6€°0 0T'7EET 170 00°'9€€¢ 750 90°/€€T 19 19 z 1 00°SZET (szeQ)V
15°0 9/'001¢ 10°0 ¥2°060C 10°0 ¥2°060¢ 10°0 ¥2°060¢ 09 o€ z z 00°060¢ (1414}
70°0 9/'001¢ 91°0 ¥2°060¢ 94°0 ¥2°060¢ 9%°0 ¥2°060C 09 o€ z z 00°001C (0012)V
£5°0 ¥2°0£07 £0°0 95°070¢ 70 9€°770¢ £€°0 799207 8¢S 6C z z 00°020¢ (s800)V
06'0 9/'001¢ 0%°0 %2060 0%°0 %2060 0%°0 ¥2°060C 09 o€ z z 00°780¢ (0800)V
1¢°0 §/°990¢C 1.0 0%7°990¢ 19°0 0€°490¢ 99°0 9€°'890¢ 69 69 4 T 00°040¢ (0200)V
170 $2°590¢ £0°0 0%7°550¢ 90°0 0£°£50¢ IT°0 9€°850¢ 65 65 z 1 00°950¢ (0S00)V
120 715661 10 T1°5861 790 79°/861 15°0 898861 S L5 z 1 00°0002 (0000)V
%0°0 690681 94°0 12°1881 970 10°5881 y1°0 1T°/881 g Y z z 000681 (068T)V
¥2°0 99°0Z81 v2°0 75 1181 %20 75 1181 720 75 1181 14 9 z z 00°5Z81 (0£81)V
70°0 99'0781 9%°0 ¥ 1181 94°0 75 1181 91°0 75 1181 s 9z z z 000281 (0z8T)V
%0 §9°98/1 /.0 04°9/.1 79°0 09'82/.1 89°0 99°61.1 19 14 4 T 00°0641 (o181)V
ST'1 99081 790 76 1181 79°0 76 1181 79°0 7S 1181 s 9 z z 00°0081 (0081)V
95°0 19°0891 S0'1 61°TL91 S0'1 61°TL91 S0'1 61°TL91 8t V24 z z 00°0691 (069T)V
6£°0 19°0891 110 61791 110 61°TL91 11°0 61°TL91 8t 124 z z 007291 (0291)V
99'0 850191 91°0 16°2091 6£°0 1€°9091 75°0 £5°809T 9t 4 z z 00°0091 (009T)V
't 9¢°0%491T 160 78°CeST 160 78°CeST 160 78'CeST 717 (44 4 4 00°6141T (ozsT)V
€€°0 15°00%1T €80 64" €6ET €80 64" €6ET €8°0 6% €6ET oY 0z z z 01°S0YT (sorT)V
o I7°0711 80°0 6L 11T 80°0 6LYT1T 80°0 6LYTLT 4 9T z z 89°ST1T \Y%
10 60°110€ 0z'0 10°966¢ £€°0 08°666¢ 0%°0 $0°700€ 98 £t z z 00°066¢ (0560)V
S0 20°108¢ S0 869817 T4l 869817 ST'0 86°98/¢ 08 oY z z 007612 (0S22)V
70°0 68°05%¢ 91°0 19°8€7T 1€°0 Iy Trye raal) 997777 0z 1 z z 00°05%2 Y474\
99°0 88°G1#T 91°0 11°€0%T vZ°0 19'50%¢C 8Z°0 72907 69 69 z 1 00°00%2 (0oor)V
80°T 88°G1¥C 89°0 LL7E0%C 99°0 £9°50%7¢C 0/°0 7/°90%¢C 69 69 4 T 00°06€C (o6£0)V
810 - Xrid 890 0T'7EET 090 00°9€€¢ S50 90°/€€T 19 19 z 1 00°0S€C (0S€Q)V
190 ¥8°01€T £0°0 92°66CC £1°0 90°€0£¢ €20 1€°50€T 99 €€ z z 00°00£C (00£)V
9z°0 08'502¢ ¥2°0 SLH61T S1°0 $9°961¢ 01°0 12°261¢ €9 €9 z 1 00°002¢ (00z)V
16'0 61'0/1¢ 9%°0 16°6S1C %90 1/°€91¢ v2°0 96°591¢ 29 1€ z z 000512 (0S120)V
87°0 ¥2°0£07 82°0 95°070¢ 9%°0 9€"720T 85°0 79'920¢ 8¢S 6C z z 00°S102 (0000)V
% loug "3 % loug 3 % loug 0T=D2% % loug «6°0=2 "3 Nw N u w (ASW) ssew ap1ed

(panunuod) :z aqel



Non-linear field theory 787

T. Warmann

DE GRUYTER

cl

/P "w = 9w 3un ssew uosoq asSnes s J0Sai9 2o = z/(Pw + Muw) §°0 # ‘sareis bb
uou Aqissod + : ., "|9pow yienb JusN}ISUOI Y} Ul SASSBI .. *(©4 J0 UOIINGLIIUOI OU) SPlOY 0 = ) SABM|B (UZ = ) SWIS) UBAS 104 :, *SSew |eouidwa pue uoijendled uasmiaq saipuedaldsip
pasejuadiad ayj Aejdsip suwinjod 10419 ay] *g uo1129S Jo yoeoidde jediSojouswouayd ay) 0] spuodsaliod yoiym uoljewixoidde ue *9°1 ‘g15°'89 = g /T =: (bx)dxs yum *bbs1s (12) *b3)

0} Suiplodde "3°680°T =S ‘€251 ¢— = *®/ s1ajawesed yjm a1yl jje (1) *b3 03 Suipiodde €3 ‘(02) "b3 031 Suipiodde pajendjed ale ¢3 pue '3 ‘sassew jednidwa ay} SUIRIUOD Z UWN|0)

80°'T 68°0 /80 88°0 %4\4 10419 jedlisiels, ylim oney
€95°0 7°0 €70 €70 'V 10113 d5eIaNY
791 (\WAAWEAS c9°0 1'9/8°sC1 €80 0°GET‘9CT €6°0 9°697°9C1T €9 €9 V4 1 0°001°6ZT oH
€00 0°791°16 €0'1 8°052°06 9%7°0 1'69.°06 [4N0) 6°180°T6 8¢ 61 4 4 9°/81‘16 V4
81 0°996‘18 9170 /'06.°08 11’1 8°69C‘18 0s'T 8°785‘18 143 yA” 4 4 0°6.£08 M
89°0 0°z81‘eYy €€0 7°05.Cy 88°0 6°0/T'cy €91 T165°e 81 6 14 4 #/.°168CY Py
:suosog Aneay

81°0 0T°/509 [4 N1} $8°9709 670 §/°8C09 LT°0 78°6209 €1 €1 4 1 01°'9%09 mﬂw
S€0 11°C189 ST°0 66°C8.S 60°0 8/°98.4 S0°0 €0°68.G 991 €8 C 4 06°16.4S Nm
65°0 [AA 43 80°0 ¢8°/18S 11°0 C/°618S €10 ¢8°0¢8S /91 /91 4 T 0T°€18S =
1€°0 70°2€99 61°0 08°809¢ 910 04°019¢% 71°0 08°T199 191 191 [4 1 09°6199 N<
€00 86°969¢C %0 1%7°789¢C o%°0 L€789¢C 9¢€'0 7%7°989¢C LL Ll [4 1 02°9569¢C MG
19°0 06°598%7¢C 010 Y AYALS 81°0 VAN VA L4 [44] I7°9/%¢C 12 1/ [4 T 16°04%7C mm
cro 68°05%7¢C 9'0 19°8EXC 9%7°0 e VAN 99 7%71%7¢C 0/ 13 [4 [4 SLTESwT (ssvo)’x
%0 £€8°69/¢CC 96°0 [ T44 88°0 2€'99¢CC £€8°0 6£°/9CC 99 9 [4 1 9%°98¢¢C h<
:wojoq ‘pawivys

90°'T £€8°9/¢C¢ S50 779t 79°0 ¢£°99¢¢ 89°0 6£°/9CC 9 S9 4 1 00°zsce _(0520)0
16°0 7/°0€£0C 17°0 95°0¢C0¢ 65°0 9€'%720T 12°0 79°9¢70¢ 89 6¢C 4 4 0%7°C10¢C _(z100)0
6%7°0 19°0891 ¢0°0 61°C/91 c0'0 61°C/91 ¢0°0 61°C/91 8% 144 c 4 a%7'c/91 _(cL91)6
8C°0 /°0€0¢C ceco 95°0C0¢ €0°0 9€°%7¢0tC 80°0 29°'9¢0¢ 89 6¢C [4 [4 00°5¢0¢C (oc00)=
550 12°0961 S0°0 680561 S0°0 680561 S0°0 680561 9¢ 8¢ [4 [4 00°0561 (0s61)=
€10 99°0¢81 £€9°0 791181 £€9°0 791181 €9°0 791181 [4] 9¢C [4 [4 00°€C81T (oz8n)=
95°0 19°0891 S0'1 61°C/91 S0°1 61°C/91 S0°1 61°C/91 8% L4 4 4 000691 (0691)=
9€°0 95°0%S1 71°0 78°CEST 71°0 78°CEST 71°0 78°CEST 717 (44 C C 00°G€ST _(0esT)=E
VAN 96°0%7S1T £0°0 78°CEST 200 78°CEST 200 78°CEST 717 (44 [4 [4 08°'1€ST o(0€ST)E
99°0 8%7°0€ET 91°0 [4:RX41 S0 ¢9°/CeT ¢9°0 88°6CE1 8¢ 61 [4 [4 [ T4 ) -B
61°1 8%7°0€ET 89°0 ¢8'eCET 160 79°/C¢€T 711 88°6CE1 8¢ 61 [4 [4 98'71€ET =)
ST'1 £€8°9/¢C¢ 79°0 9t €0 2€'99¢CC 1170 6£°/9CC 9 9 [4 T 00°05¢¢ (0sZO)X
70°0 7/°0€£0C 917°0 95°0C0¢ 8C°0 9€°%720T L1°0 ¢9°9¢0¢ 89 6C 4 4 00°0€0¢ (oc0)X
95°0 0/°G5C61 S0°0 509161 sT'0 S6°/161 1C°0 006161 E] S C 1 00°ST61 (s161)X
¢80 0/°5C61 [4 0} 509161 70 S6°/161 LY7°0 006161 E SS [4 T 000161 (ot61)X
09°0 §9°68/1 010 049411 0z'o0 09'8Z/1 90 59°6//.1 19 19 [4 1 00°9Z/1 (s2/1)X
70°0 €9°05/41 9%7°0 98°'1%7/1 S0 99°9%7/1 [4 N0 (4 WAZAS 0S 14 [4 [4 00°0S41 (0s41)X
% 10113 "3 % 10113 t3 % 10113 01T=D %3 % 10113 +60=J '3 Nw N u w (ASW) ssew 3)died

(panupuod) :z 9)qey



DE GRUYTER

Non-linear field theory

T. Warmann

788

181 16°00%71 0€’¢c 617°€6€T 0€’¢ 6%7°€6ET 0€'¢ 6%7°C6ET (0)/4 0¢ 4 4 0€9Tv1 Aomqﬁvc
7/,°0 16°00%71 71T 67°€6ET 71T 67°€6€ET 71T 67°€6ET oY 0¢ [4 [4 00'TIYT (ozwT)'o
60°'T 16°00%71 65T 67°€6ET 65T 67°€6€1 65T 67°€6ET o¥ 0¢ [4 [4 009171 (sTv1)'y
65°0 150071 60°'T 67°€6ET 60°'T 67°€6€1 60°'1T 67°€6€1 o 0¢ [4 [4 08'80%71 (sowT)h
7.1 87°0€ET €T'C [A:RX4AN S6°'T 79°LT€1 8/°'1T 88°6C€1 8¢ 61 [4 [4 00'79€T (ooy1)'x
8%7'0€€l 78°€TET 79°LT€T 88°6C€1 8¢ 61 [4 [4 0051-00CT (02e1)Y

€0°T 87°0€cel £€9°0 78'eCetl 18°0 9Tl 660 88°6CE1 8¢ 61 4 4 06'91¢€1 AommSNc
€T 87°0€ET €8°'T 8'€Cel e 79°LT€T 0€'C 88°6CET 8¢ 61 [4 [4 00°00€T (ooeT) 2
8t 87°0€ET 0€'C 78°€Tel 09°C 79°/C€T YA 88°6CE1 8¢ 61 [4 [4 00'76C1 (s6TT)U
/91 9%7°09¢C1 L1°¢C VAN TAN L1°¢C VANATAS L1°¢C VANATA? 9¢ 81 [4 [4 06°18¢CT AmmNSm\
811 9%7°09¢1 /9°1 VAN TAN /9°1 VAN TAN 191 ANATA? 9¢ 81 4 4 09°9/C1 AONNSQ
87T 97°09C1 96°'1 AN ATAN 96°'T AN ATAY 96°'T AN ATAY 9¢ ST [4 [4 00°0€CT (09z1)'0
4“4 9%7°09¢C1 00°¢ VANATAN 00°¢ VANATAN 00°¢ VANATAN 9¢ 23 4 4 09°6CC1T GMNS_Q
0T°'¢ EV°0611 89T L7811 16’1 /78811 (1) Ar4 75°0611 7€ A" [4 [4 009911 (021n)'y
€0°¢ 8€°0501 (4N [AN L[] 68°C 76°8%701 11°€ 61°T501 o€ ST [4 [4 9%7°6101 (ozo1)9
70°0 9€'086 9%7°0 7%7°6.6 9%7°0 7%7°6.6 9%7°0 7%7°6.6 8¢ 71 [4 [4 00°086 (086)°0
16°0 9€'086 YA/ 7%7°6.6 VAR 7%°6.6 YA 7%°6916 8T 71 [4 [4 00°066 (086)Y
9¢°C 9€'086 78°'1 7%7°916 78°'1 7%°6.6 #8'1T 7%°6.6 8¢ %1 [4 C 8/°/96 (856) 4
89T 8C°0L.L L0°C 7992 69°1 oL oc'tl 19°CLL (44 11 4 4 59°C8. (z8L)®
79°0 8C°0/LL 711 992 $9°0 [4Al\ VYA 9€°0 16°C/L [44 11 [4 [4 9C°'S.LL (022)d
81°06% [YAVA 3/ €916 78'€6Y 71 / [4 [4 055-00% (009)%

T4 0C°099 7.1 (\AVATY 7/.'1 o' /SS 7.1 [AVAT] 91 8 [4 [4 98'/174 b
9/°¢ S0°0%71 7C¢€ SE6ET 7C¢€ SE6€T 7C¢€ SE6ET 7 [4 [4 [4 86'WET o
€0 S0°0%71 910 SE6ET 91°0 SE6€T 910 SE6ET 4 [4 [4 [4 19°6€1 s
:paioapljun

:SUoSay

YA 0°2T1'G.T 9€'0 G'9/E°€/T 19°0 ¥7°G€9°€/T 65°0 6'/LL'€LT €/l €/l 7 1 0°09/2‘CL1 ]
[431} 16991 80 €9°9Y71Y 8/°0 (S WAAN S2°0 79871y 611 611 [4 1 00°081% q
10°¢C ARTYAY 671 86'88C1 79°1 88°06C1 [AR" 06'T6C1 L€ L€ [4 1 00°04C1 ]
70°0 61°9CS 970 99°CCS 010 I vTs £0°0 Vi TA ST ST [4 1 «:00°9CG S
70°0 11°61€ 97°0 7G'ETE 71°0 797°G91€ €0 91'91¢€ 6 6 [4 1 «:00°GTE p‘n
:syiend

6%7°0 59°98/1 10°0 04921 010 09'82/.1 91°0 G9°6/.1 14 19 [4 1 98'9//1 1
65°0 70°S01 60°1T 16701 €2°0 €%7°901 150 92¢'901 € € [4 1 99'601 "
000 1150 00°0 115°0 00°0 1150 00°0 115°0 1 1 0 1 119°0 E]
:suojdan

% o113 3 % o113 €3 % o113 0T=27%9 % 410113 60=2"'3 Nw N u w (APW) Ssew 3)d1Med

*pPamol|e suolwiay 10§ (I = W) S}UN SSewW Jo Siaquinu ppo Ajuo pue suosoq 104 (¢ = W) S}UN SSBW JO SISGUINU USAS AUQ :Z OLIBUIIS 10j ABN Ul (SaSSBW) S31SIauUd 1S3l JO UolIeNde) € dqeL



Non-linear field theory 789

T. Warmann

DE GRUYTER

€9°0 4/°0€0C €1°0 950202 7€' 9€'720T €7°0 79970 8¢ 6T z z 008107 (0502)"
61 /°0€0C €1 95°020¢ 79'1 9€'720T v.1 79°920¢ 8¢ 6T z z 007661 (0z00)%
860 /°0€0C 870 95020 99°0 9€'720¢ 8/°0 799202 8¢ 6T 4 z 00°110 (0100)Y
z10 12°0961 290 680561 790 680561 790 68°0561 96 87 z z 00°€961 (5007)%x
50'C %7£°0€0C 7°1 95°020¢ €1 9€'7202 ¥8°1 799207 85 67 z z 00°0661 (0661)¢d
€0 1/°0961 ¢80 680961 ¢80 680961 ¢80 68°0961 99 8¢C 4 4 00°/961 Aommsqc
871 12°0961 110 68°0561 110 68°0561 110 68°0561 96 8z z z 00°9€61 (0s61)Y
¥6°1 12°0961 €0'T 68°0561 €0'1 68°0561 €0°1 68°0561 96 8z z z 00°'T€61 (0561)%
6%°0 69°0681 660 12°1881 610 10°5881 19°0 171881 s I 4 z 00°0061 (o161)Y
67°0 69°0681 660 12°1881 620 10°5881 19°0 171881 2 1T z z 00°006T (0061)d
68°0 690681 8€°0 12°1881 65°0 10°5881 12°0 LT°/881 2 T z z 00'7/81 (0881)%x
91'1 99°0¢81 S9°'1 79°T181 S9°'1 791181 S9°'1 791181 4] 9¢ 4 4 00°¢781 AomwSNt
86°1 69°0681 71 12°1881 19T 10°5881 611 1T 1881 4§ T z z 00581 (0581)%¢
z€'0 99°0Z81 780 ¥S 1181 780 AR 780 ¥$ 1181 s 9z z z 05°9Z81 (s€8T)X
1€0 99°0C81 61°0 79°T181 61°0 791181 61°0 7S 1181 [4°] 9¢ 4 4 00°918T1 AoﬂwSN..\
65°0 990781 80°0 75 1181 80°0 %5 1181 80°0 ¥S 1181 zs Y4 z z 00°018T (0081)x
20°0 €9°05/1 750 98'1%7/1 0€°0 99°5¥/1 81°0 26°LYL1 0$ 14 z z 00°15/1 (09£T)l
LET 19°0891 /8T 61°C/91 /8T 61°C/91 /8T 61°C/91 234 V24 4 4 007041 AOHNSQ
[ 19°0891 6’1 61°C/91 6’1 61°C/91 6’1 61°C/91 8% V24 4 4 00°904T1 noonCNc
8/°1 €9°06/1 1 98'I%/1 67'1 99°G%7/1 79'1 6 L0LT 0§ 14 z z 00°0ZT (001)d
810 19°0891 86'0 617491 86°0 617491 86°0 61°2291 8y 4 4 4 08'8891 0691)¢d
%00 19°0891 97°0 61°7L91 9%°0 61°7/91 9%°0 617491 8y 74 z z 00°089T (0891)¢
09°0 19°0891 01°0 617491 01°0 617491 01°0 61°TL91 8y vz z z 09°0/91 (0£91)%x
¢80 19°0891 1€0 61°C/91 1€0 61°C/91 1€0 61°C/91 °1/4 T 4 4 00°£991 AONWSMS
%90 19°0891 €1°0 61°TL91 €1°0 61°TL91 €1°0 61°TL91 8y 4z z z 00°0£91 (059T)®
o0 85°019T 06°0 15°2091 99°0 1€9091 750 158091 9% €z z z 00°£19T (S79T)%U
€1 85°0191T €Ce 15°2091 661 1€9091 98'1 158091 oy €C 4 z 00°6€91 (ovon)Yy
$§°T 19°0891 70'T 612291 70'1 617491 01 617491 8y 74 z z 00°559T (o%91)'0
vT'1 19°0891 €2°0 61°7L91 €2°0 617491 €2°0 61°TL91 8y vz z z 00°099T (0091)
70°1 89°0191 €50 16°C091 1.0 T€°9091 160 /£9°8091 oY €cC 4 4 00°%76S1 AmmmSE
88°1 95°0%ST L€°T ¥8'TEST LET ¥8'TEST LET ¥8'TEST Y 44 z z 00°0ZST (0251)d
60°0 96°0%ST 65°0 ¥8'TEST 65°0 ¥8'TEST 65°0 ¥8'TEST Y 44 z z 00°THST (s9s1)Y
€5°1 95°0%ST 20'1 ¥8'TEST 201 ¥8'TEST Z0'1 ¥8'TEST Y e z z AL (szsnY
67'1 95°0%ST 86'0 ¥8'TEST 86°0 ¥8'TEST 86°0 ¥8'TEST vy 44 z z 008151 (o1s1)Y
67T 95°0¥ST 8/'1 ¥8°TEST 8/°1 ¥8°TEST 8/°1 ¥8°TEST vy 44 z z 009051 (00s1)%
0€°0 €5°04LY1 080 LTE9MT 79°0 96°99%1 6€°0 €T69Y71 44 1¢C 4 4 00°94%1 Amﬁwdt
8€°0 €5°0/41 €1°0 LTE9YT €1°0 96°99%1 6T°0 €T69Y1 s 1z z z 00°59%T (0s#1)d
¥2°0 €5°0/41 ¥1°0 LT°E9YT 8%°0 96°99%1 7€' €T69Y1 s 1z z z 00'72Y1T (05¥1)%
90°C 15°00%T 55T 67°€6€T 55z 67°€6ET 55z 67°€6ET oy Y4 4 z 00°0€YT (oevn)Yy
19°0 15°00%1 1T 67°€6€T AN 67°€6€T 11 67°€6€T oy 4 z z 00°0T¥T (ozyT)®
% 10113 "3 % 1013 &7 % 1013 L0T=2 %3 % 10413 60=2"'3 Nw N u w (A3W) ssew aIueq

(panupuod) :g a)qeL



DE GRUYTER

Non-linear field theory

T. Warmann

790

15°0 ¥8°01€C 90'1 97°66C¢ 06°0 90°€0€C 08°0 1€'50€T 99 €€ z z 00"7Z€ET (0zED)EN
870 18°0%72¢ 87°0 65°672¢ 8/°0 65°672¢ 8/°0 65°62CC 79 43 z z 00" /42T (114413
¥8°0 ¥2°0£07 vE'T 95°070¢ ST'1 9€'70¢ 70'1 799202 8¢ 6T z z 00°8%0¢ (S70T) 1)
1670 1270961 17°0 680561 17°0 680561 17°0 680561 95 8T z z 00°€761 (086T)5)
18°0 1270961 0€°0 680561 0£°0 680561 0€°0 680561 99 8T z z 005761 (0S6T). )
68°0 690681 8€°0 17°1881 65°0 10°5881 120 1T /881 g Vi z z 00781 (08T
60°0 990281 17°0 yS 1181 17°0 yS 1181 17°0 yS 1181 43 9z z z 00°6181 (0z8T)%y
(A £9'05/1 61 98'17/1 1.1 99°G¥/1T 86'1 T6'L0L1 05 ST z z 009241 (0821) 5y
9T'1 £9°05/1 9/'1 98' 1Y/ vg°T 9951/ 7T T6° LY. 0S ST z z 00°€2/1T 02£1)%N
06'1 €9°05/1 6€°1 98° 1Y/ 19°T 9954/ v.'1 WA A 0S ST z z 00"8T/T (089T)
150 19°0891 100 61791 100 61°T/91 100 61°T/91 8t T z z 007491 (0591)™y
€1°1 850191 €9'1 15°2091 6€°1 1€9091 ST'1 15°8091T 9t € z z 006791 (0€9T)M
761 85°0191 Wt 15°2091 191 1€9091 18T 158091 ot € z z 00°08S1T (08sT)%y
TL'0 £5°0LY1 zTo L1E9YT 8%7°0 96°99%1 £9°0 €T°69%1 T 1T z z 00°09%1 (0971
S0 1570071 75T 6%°€6ET 75T 6%7°€6€T ¥5°T 6%7°€6€1 oY 0z z z S8 6THI (OErT) £y
(A 1570071 12 6%°€6€T 14k4 6%7°€6€1 14k4 6%7°€6€1 oY 0z z z 00°SZH1 (OErT)
S6°0 1570071 Syl 6%°€6ET T8 6%°€6ET T8 6%7°€6ET oY 0z z z 00°71YT (OT7T) 2N
810 15°00%1 89°0 6%7°€6ET 89°0 6%°€6ET 89°0 6%7°€6ET oY 0z z z 00°€0%1 (oowT)ty
090 9%°09Z1 60°0 VAR T4 60°0 VAR T4 60°0 VAR T4 o¢ 8T z z 00°€521 (0zzn)™y
08'1 €€°016 61 117506 121 15°606 16'1 $8'I16 9 €1 z z YT Y68 (268) 2
ST°00/ $/'969 $1°969 $1°969 0z 01 z z 0£2-0€9 002) .

6%7'1 81°06% 66T TLL8Y Tt €5°16% 9/°0 y8°€6Y 71 ] z z 19°26% o
1270 81°06% 171 TLL8Y €7°0 €5°16% €0°0 78°€6Y 71 i z z 89°€6Y S
:abup.ays

15°0 68°05¥C 101 19°8€¥C 26'0 17T £8°0 99°774Z 0L 1 z z 00°59%¢ (0150)%
780 ¥8°01€T7 ze'1 97°661¢ 91’1 90"€0€7 90'1 1€°S0€T 99 €€ z z 00°0£€2 (0s€0)°d
€51 98'08€¢ 0T £6'89€¢ 0T £6'89€¢ 0T £6°89¢€C 89 € z z 00°S¥€T (oven)y
780 ¥8°01€C ze'1 97°66T¢ 91'1T 90°€0€T 90°1 1€'50€T 99 €€ z z 00°0€€T (og€)Y
170 ¥8°01€C £0°0 97°66C¢ €1°0 90°€0€C €20 1€'50€T 99 €€ z z 00°00€C (00€2)"
090 ¥8°01€C 01°0 97°66C¢ 9z°0 90°€0€C 9¢°0 1€°50€T 99 €€ z z 00°£67T (00£0)Y
17°0 18°0%72¢ 16°0 65°62CC 160 65°62CC 160 65°62CC 79 43 z z 00°052¢ (0szo)®d
68°0 18°0%2¢ 6€'0 65°672¢ 6€'0 65°672¢ 6€°0 65°671¢ 79 ze z z 00°122C ((1444]Z
#4°0 18°0%2¢ 100 65°672C £0°0 65°671C £0°0 65°671¢ 79 43 z z 01°1€CT (0zze)t
%20 6°0.1C vT'1 16°651C 90'1T 12°€91C 96°0 96°591¢ 79 1€ z z 00°/81¢ (00z2)%
05°0 64°0.1C 00°0 16°651C /1°0 12°€91C 8°0 96°591¢ 29 1€ z z 00°091¢ (021009
16'0 61'0/1¢ 9%°0 16°651¢ 79°0 12°€91C %20 96°591¢ 29 1€ z z 00°0S1¢ (0s12)d
%90 61'0/1¢ £1°0 16°651C 1€°0 12°€91¢ o 96°591¢ 29 1€ z z 00°/51C (0s10)¥
120 9/°001¢ 0Z'0 ¥2°060¢ 0Z'0 ¥2°060¢ 0Z°0 ¥2°060C 09 o€ z z 00°980¢ (0010)%
150 9/'001¢ 10°0 ¥2°060¢ 10°0 ¥2°060¢ 10°0 ¥2°060C 09 o€ z z 0070602 (00127)%x
% loug "3 % loug 3 % loug 0T=D %3 % loug 6°0=D"'3 Nw N u w (ASW) ssew ap1ed

(panunuod) :g 3jqe}



Non-linear field theory 791

T. Warmann

DE GRUYTER

8C°0 80°C¥7.S o TE€TLS o TEETLS o TE€€TLS 791 8 [4 4 01°'9¢/S o(1TL9)'e
8C°0 80°C¥7.S o TEETLS <o T€€TLS o TEETLS 791 8 [4 4 06°9C.LS +(1729)'g
S0°0 €6°TCES SS90 9T°56¢CS S50 9T°96CS 9SS0 9T°56CS 43 9. [4 [4 0/°%7Tes xq
080 €6°TTES 0€°0 9T°56¢C4 0€°0 9T°96C4 0€°0 9T°56CS [4)" 9. [4 [4 99°6/¢C4 od
180 €6°TCES 0€'0 9T°96CS 0€'0 9T°96¢S 0€'0 9C°56CS (4 9/ 4 4 Y€6/C4 =4
‘wopoq

wt C1°180¢€ 12°0 89°590¢ 1/°0 89°990¢ 10 89°590¢ 88 717 [4 [4 00°7%70¢€ =(0v0€)*a
€0 70°1/8¢C €10 99'948¢C 00°0 G%°098¢ 80°0 047798 8 144 [4 4 05°098¢C Hhowwmvmmm
4 70°1/8¢C 80°0 99'948¢ 500 G%7°098¢ €10 047798t 8 144 4 4 00°658C Hﬁoowmvma
780 66°0€/C €€°0 r1el1/c L1770 01°'1C/C 94°0 9€°€T/t 8/ 6¢€ [4 [4 0€°804¢ =(0020)%a
58°0 %6°065C 7€0 96°/£1SC 6%7°0 9/°189¢ 85°0 10°%85s¢ w7/ yAS [4 [4 01°694C (e250%a
94°0 16°0¢sc 90°'1T 87°80S¢C 90°'T 87°805¢C 90°'1T 87°80S¢C (44 9¢ [4 [4 11°9€9C 9es0)"a
€0 68°09%7¢ 980 19°8¢e¥¢ 69°0 I Twye 09°0 99 17¥%7¢ 0/ 13 [4 [4 05°659%7C 09%27)"a
0€’0 78°01€C 08°0 9T°66¢C %790 90°€0€C %59°0 1e°50€¢ 99 €€ [4 [4 08°/T¢€C =(1e0)%a
7570 9/°00T¢C 70'T %72°060C 70°'1 72°060¢C 70'T %72°060C 09 0€ 4 4 0C’CT1C HmQ
6€°0 12°0961 680 68°0561 680 68°0561 680 68°0561 94 8¢ 4 [4 7€°8961 +a
:abub.js ‘pawiipyd

cco AR Y44 8C°0 €0°50C¢ 8¢°0 €0°50¢C¢E 8C°0 €0°50C¢E 6 9% [4 4 00°%71C¢E o(000€)a
9¢'1T ¢0°108¢ 980 86°98/C 580 86°98/C 980 86°984C 08 oY [4 [4 09°€94C (0s7)ia
o 66°0€/C [FA0] r1el1lc 84°0 01°'1C/T 05°0 9¢e°€Tse 8/ 6¢€ 4 4 00°2€/4C o0%20)a
16°0 £6°099C 0%7°0 €9°/%9¢C 0%7°0 €9°/%9C 0%7°0 €9°/%9¢C 9/ 8¢ [4 [4 00°2€9C =(0%90)xa
LA £6°099C %76°0 €9°/%9C %760 €9°/79¢ %76°0 €9°/%9C 9/ 8¢ [4 4 00°€29C Soomvum
S0'T %6°065C %90 96°115C 690 9/°189¢C 8/°0 10°%85s¢ L2 yAS [4 [4 00794 0(0550)a
65°0 68°09%7¢ 60°T 19°8¢e¥¢ €60 rewye %80 99 77¥C 0/ S€ [4 [4 07°S9%C =09%2)<a
6€°0 68°05%7C 680 19°8€w¢ 7/°0 7' ee 59°0 99°777%7C 0/ S€ [4 [4 95°09%7C o(09%2) {a
860 68°05%7C 8%7°0 19°8¢€w¢ €90 7' eye €0 9977 0/ 13 [4 [4 00"/t o0evd)ta
VAN 68°09%7¢ %79°0 19°8€wC 62°0 I ewye 680 9977 0/ S€ [4 [4 oceTne =0zvo)'a
9Tl 68°09%7¢ S0 19°8¢€wC 16°0 I ewye 00'1T 99 177t 0/ S€ [4 [4 05°0The o0zv)ta
9¢'1T 98°08¢C 980 £6'89¢€C G8°0 €6'89¢€C 980 £6'89¢€C 89 (43 [4 [4 00°6%7€C +(00€2) 2a
%70 78°'0T€C €0°0 9T°66CC €10 90°€0€C €C0 1€°90€T 99 €€ 4 4 00°00€C oﬂoommvma
[4Vn? %/°0€£0C 15°0 95°020C 040 9€'%720C 18°0 79°970¢ 89 6¢ [4 [4 97°010¢C #(0100)x@
61°1 %/°0€0C 89°0 95°020C /80 9€'%7¢0C 86°0 79°9¢0¢C 89 6¢ [4 4 58°900¢C 0(£000)xa
6€°'1 690681 880 11881 80°'T 109881 oc't LT°/881 774 1T [4 [4 €8'%7981 od
€11 69°0681 90 1c18st 780 10°688T %60 1T°/881 %74 /T [4 [4 59°6981 =d
:paulibyd

19°0 ¢1°180¢€ Tt 89°990¢ i 89°990¢€ Tt 89°990¢ 88 717 [4 4 00°00T€ (oote
" 16°0¢S¢ €20 87°80S¢C €20 87°804¢ €20 87°80S¢C (44 9¢ [4 4 00°06%C (0050)"x
S0°0 98°08¢€C 950 €6'89¢€C S9°0 €6'89¢€C 950 £6°89¢C 89 143 [4 [4 00°78¢€C (08€2) £
% 10113 "3 % 40413 3 % 40113 L0T=D7%3 % 40413 «6'0=2 '3 Nw N u w (A2W) ssew 3)died

(panupuod) :g a)qeL



DE GRUYTER

Non-linear field theory

T. Warmann

792

81°0 17°190Y z€0 T 10y z€0 ZTIroY z€0 Zr Yoy 911 8¢S z z 00"750% =(sson)xX
9Z'0 17 190Y vZ°0 TT1Y0Y ¥2°0 T IY0Y y2°0 Zr 10y 911 8¢ z z 00°150% +(050%)X
9¢°0 LY7°190% S0°0 U170y S0°0 U170y S0°0 LU IyoY 911 89 4 4 00°6£0% 8«035
£6°0 LY 190% o T 1Yoy o T 10y o Tr 10y 911 8¢ z z 01°720Y 0zon)x
ST'1 SH'166€ S2°0 SH'T/6€ ¥8°0 ST'S5/6€ 06'0 6%°L16€ Van S z z 00°Z76¢ (o76€)X
¢0°0 7 1T6E 50 LL°106€ ¢S50 LL'TO6E S0 LL°T06E [aa” 99 [4 [4 0T'TT6e Aommmvmdw
80°0 T 1T6E o 11°106€ o 12°106€ o 12°T06€ zi 95 z z 0%7'816¢ (ST6E)X
$8'0 7' 1T6¢ v€°0 12°106€ €0 12°106€ 7€°0 LL°T06€ 48 9 z z 0%°888¢ (006£)°7
8T'1 v 1T6E 8/°0 LL°106€ 8.°0 L1 T06€ 8/°0 LL°T06€ 48 95 z z 69°1/8€ (zL89)VX
LT°0 0%7°'158€ L0 0T°Z€8€ 89°0 06°S€8€ 790 y1°8€8€ 011 14 z z 00°798¢ (098€)%X
£2°0 0%7°'158€ 870 01°7€8€ 81°0 06°5€8¢€ zro y1'8€8¢ 011 14 z z 1/°TY8€ (zw8e) e
9/°0 04" 158€ 970 01°7€8¢ 9¢°0 06°5€8€ o y1°8€8¢ 011 14 z z 07'7T8¢ (ez8€)m
0Z'0 1€'18/€ 0£°0 rT9Le 0€°0 rT9Ls 0€'0 9L 80T g z z 02'€/.€ (0228)h
89°0 SETTLE 81°0 S1'769€ 8Z°0 $5'969¢€ €0 61°869€ 901 €5 z z 01°989¢ (st
11°0 e IY9¢e o7°0 80°€T79¢ 0%7°0 80°€T79¢ 0%7°0 80°€79¢ 701 4] 4 4 06°2€£9¢€ vau:
£7°0 0€°T/5€ 80°0 0%"€55€ €0°0 0T'/SS€ 60°0 S#'655€ 701 114 z z 11°955€ dnex
0€'1 0€°T/5¢€ 6L°0 0%"€55€ 06°0 0T°255€ 160 SH'655¢€ z01 15 z z 8€°6TSE d1)’y
1T°0 LT'T0SE 110 €/°€8Y¢ 12°0 €/°€8y¢ 120 €/°€8y¢ 00T 0S z z 19'015€ @nvx
84°0 YT IEVE 200 SO HIYE 60°0 WAL 91°0 01°0ZY¢ 86 6% z z (WATARLS dn)®x
150 Z1'180€ 101 89°590€ 10T 89°590€ 10'T 89°690€ 88 VA% z z 06°960€ (st)/f
160 60°T10€ 70 10°966C €9°0 08°666¢C 19°0 50°C00¢€ 98 (%4 4 4 06°€86¢C GSS
s 2D

68°0 15°7€69 8€°0 8/°/689 747°0 151069 170 78°€069 861 66 z z 09°1/89 (50’9
#4°0 62°70€9 £0°0 1270229 £0°0 12°0229 £0°0 12°0229 081 06 z z 06729 b
:paulipyd ‘wojjoq

050 £1°788¢S 100 99°758¢S 10°0 99°758S 10°0 99°758S 891 8 z z 00°€585S (0589)5g
L0 €1°788S (44 99°C498S o 99°C498S o 99°C498S 891 78 4 4 98°6£8S oﬂoqwmvﬂm
26'0 €1°788¢ 1%7°0 99°758¢ 17°0 997585 17°0 997585 891 78 z z 0£°818S o(0€89)"°g
£9°0 £0°2095 £1°0 96°€/55 €1°0 96°€/55 €1°0 96°€/55 091 08 z z 069955 +(8959)X
98°0 86°19%S SE0 19'7ERS SE0 19'7EnS SE'0 19'7EwS 951 8/ z z 0%7'STHS M:|
170 96°16€S 70°0 76"79€S £€0°0 7/°89€S 80°0 86°0LES ¥ST i z z 88°99€4 o
..wmtc.:w :toto&

98°0 81°7209 SE0 10°266S S0 10°2665 SE0 10°2665 (A 98 z z 00°T/6S 0(0£69)'g
860 81°7209 170 10°2665 %0 10°7665 190 10°7666 A 98 z z 00°7965 +0269)g
£€°0 £1°788¢ 81°0 99°758¢ 81°0 99°7585 81°0 99°7585S 891 78 z z 00°£985 o(0789)'g
£5°0 £1°788¢ £0°0 99°758¢ £0°0 99°758S €0°0 99°758S 891 8 z z 00°158S +0v8s)g
70°0 80°TY.S 9%°0 TE€°ETLS 9%°0 TEETLS 9%°0 1E°ETLS 791 8 z z 05°6€/5 olLyLs)tg
60°0 80°TY.S o TE'ETLS o TEETLS o TEETLS 791 8 z z 0T L€4S Huyis)tg
120 80°TY/S LT°0 TEE€TLS [T°0 TEETLS LT°0 1EETLS 791 z8 z z 00°8695 (teL9)g
% loug "3 % loug t3 % 10113 L0T=D %9 % Joug 6°0=D"'3 Nw N u w (ASW) ssew ap1ed

(panunuod) :g 3jqe}



Non-linear field theory 793

T. Warmann

DE GRUYTER

9¢°0 96°€76°01 $1°0 €7°698°01 ) €7°698°01 ST°0 €7°698°01 %3 91 4 z 07°588°01 (0980T) X
62°0 16°€82°01 12°0 88°67.01 120 88°67L01 12°0 886701 80€ 21 z z 0475201 (€S20T)X
85°0 68°€TL0T 80°0 02°099°01 11°0 00'799°01 €1°0 ¥2°999°01 90€ €s1 4 z 07°259°01 (05901)77
$€°0 98°€79°01 91°0 €5°065°01 91°0 €5°065°01 91°0 €5°065°01 70€ 43 z z 07°209°01 (01901)77
19°0 98°€7901 11°0 €5°065°0T I1°0 €5°065°0T 11°0 €9°065°0T 70¢€ 43" 4 4 0%7°6/5°01 ((32) 8
/770 €8°€/5°0T €0°0 $8°0ZS‘0T 10°0 G9'%72s‘01 €00 68°925°0T c0¢ 161 4 4 0072501 An_mvufw
15°0 €8'€/5°0T £0°0 $8'075°01 11°0 $9'775 01 €1°0 68°975°01 z0€ 151 4 z O7'E1S01 (@€ x
920 8/°€EY°0T 4 1S°18€°0T 62°0 0€°68€°01 1€°0 75 /8€°01 861 671 4 4 0T°55€°01 (SO
¥Z°0 €1°€67°01 92°0 9T ThT 01 7T $6°SYT°01 070 61°8%77°01 767 L 4 4 $9'89Z°01 (Cralare
€€°0 €2°€67°01 [1°0 91°ZYZ'01 €1°0 $6°SYT°01 11°0 61°8¥2°01 767 1 z z 08'652°01 @)%
L€°0 €°€6C°01 €10 91°¢vZ‘ol 60°0 §6°97C0T £0°0 61°87Z01 76T yAas 4 4 9%7°65Z°01 ESE&
09°0 €.°€67°01 60°0 91°¢vZ0T €10 G6°9%7201 ST1°0 61°8%7Z01 76 VAN 4 4 0S°ZET0T An_Nvofw
65°0 12°€T2'0T 60°0 87°TL101 60°0 87°TL101 60°0 87101 44 91 4 z 0£°€91°01 @nx
09°0 99°€80°01 01°0 E1°€€0°0T 01°0 ET°€€0°0T 010 €1°€€0°0T 887 7yl 4 4 97°€20°01 (s
$8°0 99°€80°01 €0 E1°€€0°0T €0 ET°€€0°0T €0 E1°€€0°0T 887 vyl 4 z 006666 (so)?u
z€'0 19°€v66 61°0 8/°€686 61°0 8/°€686 61°0 8/°€686 87 a4 z z 12166 @n¥x
$4°0 19°€%66 90°0 8/°€686 90°0 8/°€686 90°0 8/°€686 87 248 z z 0€°6686 dn)y
15°0 19°€%66 10°0 8/°€686 10°0 8/°€686 10°0 8/°€686 48T 48 z z 8/°7686 @nx
¥1°0 85°€/86 9¢°0 114786 7€' 16°/86 0€°0 S1°0£86 8¢ i 4 z 776586 @noix
19°0 SYETS6 91°0 ¥1°S/%6 91°0 v1°51%6 91°0 71°$/%6 x4 9¢1 4 4 0€°09%6 (SHX
85°0 €V ESY6 80°0 90°90%6 1o 986076 ¥1°0 01°CIY6 0/t 13 4 z 0/'86€6 (s1)%U
92°0 04169 920 61°899Y 89°0 66'1L9% €9°0 YT L9y vEL 19 z z 00°70.Y 0oLy X
720 89°1C9% 7/°0 79°8649Y /°0 749°864Y /.0 759°864Y 43" 99 4 4 00°€€9Y AOWWS\}
10°1 $9°'T5SY 15°0 ¥8°8T5Y 65°0 Y9°TESY 90 687ESY 0€1T 59 z z 00°905% (005X
80°0 €9°18%Y o LT°65YY o L1°65YY o L165YY 8c1 49 4 z 00°8.17Y (0erh)’z
12°0 09°'TTHY 12°0 05°68€Y €9'0 6T°€6€Y 85°0 ¥5 S6EY 91 €9 4 z 00°1TYY (STHy)h
97°0 09°'TTHY 50°0 05°68€h ¥0°0 6T°€6€Y 60°0 7S S6EY Y4 €9 z z 05 16€Y (06€7)
001 09°TTHY 67°0 05°68€Y 85°0 6T°€6EY €9°0 75°S6EY 91 €9 z z 00°89€Y (09€t) A
1C°0 VAN A% 12°0 (8°61EY 12°0 861w 1.°0 {8°61cY 7Z1 9 4 4 09°09€Y (osemX
90°0 SS°TLTY 95°0 ST05TY 170 v6°€STY o 61°957Y 44 19 z z 00°72TY (rLT)VX
't $S°T/TY 12°0 ST05CY 08°0 v6'€STh 98'0 61°95Y 44 19 4 z 00°0ZTY (09zH)h
$5°0 SS°TLTY $0°0 S1°05TY ¥1°0 v6 ST 61°0 61°952Y 44 19 4 4 00°8%7¢Y =0szy)x
110 SS°TLTY 97°0 S1°052TY $€°0 v6 ST 17°0 61°95Y 144} 19 4 z 00°6€TY (orzn)*y
Tl SS°TLTY 120 ST0STY 08'0 v6°€5TY 98°0 61°952Y 44 19 z z 00°0Z2Y (o)
€10 9’10y €0 L%7°081Y €0 /%7°081% €0 /%7°081% oc¢t 09 4 4 00°961% AOONSQN
01’1 75102y 65°0 L7°08TY 65°0 L7081y 65°0 L7°08TY ozt 09 z z 00°951¥ (0919)X
$T'0 75102y 4 L7°081Y 570 L7081y $T'0 L7°081Y Y4 09 4 z 00°161Y (0914)+h
L€°0 0§ TETY /8°0 08°0T1Y 8/°0 65VLTY 20 ¥8'9T1Y 811 65 4 4 08'9%1Y (Tat ke
/80 05 TETY 9€°0 08°0T1Y $4°0 65 1LY 15°0 ¥8'9TTY 811 65 4 z 00°960% =001%)X
% 10113 "3 % 1013 | % 10413 0T=2 %3 % 10113 «60=2"'3 Nuw N u w (A3W) ssew aIueq

(panupuod) :g a)qeL



DE GRUYTER

Non-linear field theory

T. Warmann

794

7o 0£°ST61 TL0 S0'9161 790 S6'L161 15°0 00°6161 1 19 z 1 00°0£6T (0S61)V
120 7175661 120 T/'5861 790 79°/861 15°0 898861 S S z 1 00°0002 (o76T)V
ST'1 045761 w1 S0'9161 79T S6° /161 651 00°6161 1 19 z 1 00'0561 (0g61)V
0€°0 045761 12°0 S0'9161 1T°0 S6°L161 S0°0 006161 14 1 z 1 00°0Z6T (0zZ61)V
Se'1 045761 78°0 S0'9161 760 S6°/161 00T 006161 14 1 z 1 00°006T (016T)V
61 195581 641 89181 69T LT°8Y81 €9'1 £€°6Y81 €5 €5 z 1 00°0881 (S06T)V
£2°0 19°558T €2°0 8£°9%81 £9°0 LT°8Y81 15°0 £€°6%81 £ €5 z 1 00°098T (0061)V
e/u (0sZ1)V

£€°0 79'ST/1 I1°0 €0°201 90°0 26'80/1 00°0 166011 6% 6% z 1 00'0TZ1 (00Z1)V
12°¢ 09°$791 01 SE /€91 8’1 ST6€91 88T 0€°0%9T LY Ly z 1 000191 (0Z91)V
SE0 15°S/ST S1°0 897951 £0°0 85°6951 70°0 790451 ¥ St z 1 00°0/ST (0091)V
£5°0 VR T4A €0'1 0£°61C1T 88°0 oz1eel 62°0 et 13 1 z 1 00°7ECT v
£5°0 $6°579¢ €0°0 08°719¢ 01°0 69'719¢ ¥1°0 117519 Sl S/ z 1 007192 (00N
00'T $6'579¢ 640 08°719¢ 150 69'719¢ 19°0 £2°S19C Sz S/ z 1 00°009¢ (0090)N
81°0 £8'6/2¢ 89°0 9T 09'0 7£'997¢ S50 6€°/9TC 9 59 z 1 00°082¢ (0STON
ST'1 €8°6/CC 79°0 Trr9Te €2°0 z€'997T L0 6€°£9TC 59 59 z 1 00°052¢ (0zzON
8Tl 08°502¢ 89°0 SL 61T 9/°0 $9°961¢ 18°0 12°261C €9 €9 z 1 00°081¢ (061N
%20 L1°SE1T vZ°0 10°ST1C £€°0 16921¢ 8€°0 £0°8C1¢ 19 19 z 1 00°0Z1¢ (0ZTON
01 L1'SETT 61'1 10°S21¢ 8T'1 16'921¢ €€t £0°8C1¢ 19 19 z 1 00°001¢ (001N
01 LLSETT 611 £0°ST1¢ 8T'1 16°921¢ €€'1 £0°871¢ 19 19 z 1 000012 (0902)N
120 71°5661 1270 T1'5861 790 79'/861 15°0 89°8861 1§ S z 1 00°000¢ (0002)N
0T'1 TL5661 01 T/°S861 09'1 79°/861 SS'1 898861 S LS z 1 00°020¢ (066T)N
0£°0 045761 12°0 S0'9161 1T°0 S6°/161 S0°0 006161 14 1 z 1 000761 (006T)N
791 045761 AR S0'9161 1T S6°/161 Tt 006161 1 14 z 1 00°5681 (S68T)N
61 19°558T 6.1 8€°9%81 691 LT°8Y81 €9'1 £€°6Y81 €5 €5 z 1 00°088T (08ST)N
£0'1 19°5581 €51 8€°9%81 &1 LT°8%81 €71 £€°6%81 €S €5 z 1 00'5/81 (SZ8T)N
Sz'0 79'ST/1 S2'0 £0°2041 79°0 76'80/1 85°0 16'60/11 6% 6% z 1 00'0Z/1 (0TLT)N
€€°0 T9°STL1T /1°0 €0°/0/1 90°0 26'80/1 00°0 16°60LT 6% 6% z 1 00°0T/T (OTZT)N
ST0 79°ST.1T S0 €0°/0/1 790 76°80/1 85°0 16°60L1T 6% 6% z 1 00°0Z/T (00ZT)N
781 79°S1/1 1€°T €0°20/1 Wt 76°80/1 8yl 16°60/1 6% 6% z 1 00°589T (089T)N
9/'1 09°5791 sT'T SE° /€91 £1°C ST6E91 10T 0£°0%91 LY LY z 1 00°5/91 (SL9T)N
1T°0 09°5%91 120 SE° /€91 $9°0 ST6E9T 65°0 0€°0%91 LY 1Y z 1 00'0591 (0S9T)N
09'1 65'G0ST 60°C 00°86%1 16'1 06'66%1 06'1 76°00S1 ey £t z 1 00'0€ST (SEST)N
790 65°S0ST AR 00°86%T 00'1 06°66%1 £6°0 #6°005T €y €t z 1 00°STST (0ZSTN
1€°0 75 SEyT 18°0 €8Tyl 89°0 €T 0EYT 19°0 9T’ IEYT 7 14 z 1 00°0%7%T (O7YT)N
19°0 YE°SY6 11°0 19°0%6 1€°0 157776 o 05°€Y6 Y4 /T z 1 15°6€6 u
S2'0 YESY6 ST'0 19°0%6 S%'0 15°776 95°0 05°€Y6 /T /T z 1 17856 d
:suolieg

85°0 10'%790°TT 80°0 85°800°TT 80°0 85°800°TT 80°0 85°800°TT 91g 8S1 z z 00'000°TT (0Z0TT) X
% loug "3 % loug t3 % loug 0T=2% % loug «6°0=2 '3 Nw N u w (ASW) ssew ap1ed

(panunuod) :g 3jqe}



Non-linear field theory 795

T. Warmann

DE GRUYTER

9/°1 09°5%91 sTe SE2€91 €1'C ST'6€91 10T 0€°0%91 I Ly z 1 00°629T (0291
180 09°5%91 9¢'1 SE /€91 STl ST6€91 61°1 0€°0%91 Ly Ly z I 00°0991 0991)X
95°1 05°S9€T 90'C $9°85€T 61 $509€1 s8'1 86°T9€T 6¢ 6€ z I 07 /8€T _(S8€T)
€'l 05°S9€T 181 $9°85€1 191 $5°09€1 09'1 86°T9€1 6¢ 6€ z 1 0£°€8€1 o(S8ETT
STl 06°99¢€1 ST §9°89¢€1l 19°1 §9°09¢€1 €91 8G°T9¢€T 6¢ 6¢ 4 T 08°C¢8€T +(s8€1)X
VA4 7%°9CCT €8°T 0€'61CT 86°'T oc'tzet 10°C cereect 13 19 4 T S7° /611 X
S/t VUATAAN Viard 0€'61CT 6€°C oc'teet 87T ceeeet 13 13 4 T 79°C611 oL
€0°€ LA TaAN [4°N4 0€°61CT 89°C oc'reet 9/°C ceeeet 13 13 4 T 8€°68T1 +X
85°1 $6°579 80°1 08'219 ST'T 69'7197 611 11°§19T s/ s/ z 1 00°585¢ (s850)V
81°0 $8'SYET 89°0 0T YEET 09°0 00°9€€2 $5°0 90°LE€T 19 29 z 1 00°05€2 (0s€0V
06°0 §8°9heC 6€°0 0T'eee LY7°0 00°9¢€¢€¢ S0 90°/€€C 19 19 4 T 00°9C€C (szeQv
911 $/°590T 99°1 0%°550 96°1 0€°£50C 15°T 9€°850¢ 65 65 z 1 00°060T 0110V
01 LL'SETT 611 105212 8T'1 16°9T1¢ €e'1 €0°'871¢ 19 19 z 1 000012 0010V
0Tt 715661 0L'1 71°5861 09°1 79°/861 51 89'8861 S L5 z 1 00°0202 (s800)V
8/°0 $/°590¢C 87’1 07°550¢ 61'1 0€°£502 Y11 9€°'850¢ 65 65 z I 00°280 (0800)V
12°0 $2°590¢C 12°0 0%°550 19°0 0€°£50C 95°0 9€°'8507 65 65 z 1 00°0£02 0200V
/770 6/°990¢ €00 0%7°990C 90°0 0€°490¢ 11°0 9€°'890¢ 69 69 4 T 00°9590¢ (os00)V
12°0 715661 12°0 725861 790 79°/861 1570 89°8861 5 L5 z 1 00°000T (0000)V
68°1 045261 8¢°1 S0°9161 871 $6°L161 €5°1 00°6161 1 ss z 1 000681 (0681)V
89°1 19°5581 AR 8€'9%81 8T'1 LT8Y81 €e'1 €€ 6781 €5 €5 z I 00°5281 (0€81)V
96'1 £9°5581 TR 8€'9%81 $S°T LT°8%81 19'1 €€°6Y81 €5 €5 z 1 000781 (0z81)V
¥2°0 $9°68/1 %20 04'92L1 ¥9°0 098271 85°0 $9°6.L/1 15 124 z 1 00°06/1 0181)V
080 §9°98/1 6C'1 04°9/.1 611 09'82/.1 €Tl G9°6/L.1 19 19 4 T 00°008T (0o081)V
751 79°STLT 10°1 €0°20.1 AR 76'80L1 811 16'60L1 6% 6Y z 1 00°069T 0691T)V
01 09°5%91 61°C SEL€9T 80°C ST'6€91 10°C 0€°0%91 I Ly z 1 00'7291 (0£91)V
€5°1 1§°5ST 20°C 89°/951 061 85°6951 ¥8'1 790451 s sy z I 00°009T (0091)V
68°0 §5°50ST 8¢°1 00°86¥1 97'1 066671 61'1 760051 €y €y z 1 006151 0zST)V
1T 75 SEYT $9'1 €€'8Tyl 6.1 €201 98'1 9T 1ENT 12 127 z 1 01°50%T (SO7T)V
12°C 6£°980T 0C’€ 96°6/01 €0°¢ $8°180T 6°C 98°¢80T1 1€ 1€ 4 T 89°GTT1 Vv
170 80°9/61 96°0 L1'196T 06°0 L0°€96T 98°0 y1°7967 e 8 z 1 00°0667 0560V
05°1 €0°9€8¢ 001 78°'178¢ 90°1 AR 4:Y4 or'1 61'778C 18 18 z 1 00%6.T 0520V
71 06°58YC 96°0 Sy ELNT €0°1 YE'SIYT 80°1 °9L%C L 9 z 1 00°05%C (0zyo)v
99°0 88°S1HT 910 L1°€0T ¥Z°0 19°50% 87°0 ¥1°90%T 69 69 z I 00°00%C (0077)V
80'1 88°G1HT 85°0 L1°€0T 99°0 19504 040 2°90%¢ 69 69 z I 00°06€2 (06£0)V
81°0 §8°9heC 89°0 0T'eee 09°0 00°9¢€¢€¢ 990 90°/€€C 19 .9 4 T 00°059€C (osc)v
S0°1 €8°6/TT $6°1 9T 9%°1 7€°997T 't 6€°29TT 59 59 z 1 00°00€T (00€0)V
97°0 08502 ¥2°0 SLY61T ST°0 $9°961¢ 01°0 1L°261C €9 €9 z 1 00°0022 (00z0)V
99°0 L1°SETT 9T'1 £0°ST1¢C 10°1 16°921¢ 701 €0°'821¢ 19 19 z I 00°051¢ (0S10)V
960 TL°5661 TR 71°5861 9¢'1 79°/861 €1 89'8861 S LS z 1 005107 (0002)V
% 10113 3 % 10413 €3 % 10113 0T=2 %3 % 10413 60=2"'3 Nuw N u w (A3W) ssew aIueq

(panupuod) :g a)qeL



DE GRUYTER

Non-linear field theory

T. Warmann

796

“0/P"w = %Py yun ssew uosoq asnes s 108310 e ~ 7/ (Pw + Mw) §°0
:# *sa1e3s bb uou A)qissod + : ., ]9POW YIeNb JUINIISUOD B} U] SISSB &, *(‘©'4 JO UOIINQLIU0I OU) SPOY O = D SABMR (UZ = J) SWI3} UBAD 104 , "SSBW |ed1IdWa pu. UOIIRINI|RI UBaMIB]
salpuedaldsip pasejuadiad ayy Aejdsip suwn)od 10413 dY] "z uo1323S Jo yoeoidde jeaiSojouswouayd ay3 01 spuodsaliod yaiym uoijewixosdde ue a1 ‘g15°89 = ng /1 =: (0x)dxa yum ‘bbs 13

cl

(12) *b3 03 Sulp1023e 77°680°T =S ‘€/5T"¢— = *°/ s1ajowesed yym aaiyl jje ‘(12) "b3 03 Suipiodde €3 (02) b3 03 Suipiodde pajendjed ale ¢3 pue '3 ‘sassew |eanidwa ay3 suleIuOd Z UWN|0)

60 980 980 98°0 °y/V Joud Jednsiies, yum oney
16°0 80 78°0 S8°0 1y 10143 93eI9NY
87°0 0°8%/vTl 8’1 0°T0S°€CT 8’1 0°T0S‘€TT 8’1 0°T0S‘€CT [4] 9¢ 14 [4 0°001°6CT oH
€00 079116 €0°T 8°05¢°06 9%7°0 169206 1o 6°'180°16 8¢ 61 K4 [4 9°/81°16 4
871 099518 97°0 £°052°08 Tt 869C°18 0s°'T 878518 7€ /1 Y [4 0°6/€°08 M
89°0 0°Z81eY €€°0 05Ty 880 60Ty €91 T165°EY 81 6 Y [4 #/°168CY Py

81°0 0C°L909 ce0 $8°9C09 6C°0 §/°8C09 LT°0 786709 €l1 €l1 4 T 01°'9%709 o)
$6°0 T1L8s S%°0 78°/18S 8470 TL°618S 05°0 78°0T8S /91 /91 z 1 06°16/5 =
65°0 T L8s 80°0 78°/185 11°0 TL°618S £1°0 78°028S /91 /91 z 1 01°€18S 2
1€°0 70°2€95 61°0 088095 91°0 0£°0195 y1°0 081195 191 191 z 1 096195 v
£0°0 86°569¢ 170 1%°789¢ oy°0 LE£°789T 9¢°0 74°$89¢ Ll Ll z 1 07'569¢ e}
19°0 06°58%¢ 01°0 S ELnT 81°0 Y€°S/YT zTo 17942 1z 1/ z 1 16°0.%¢ oE
€1 06'58YT 08°0 SELYT 88°0 vESITT 26°0 17°9/4¢C 1 1L z 1 SL'ESYT (ssv2)’x
170 £8'6/T¢ 960 Try9Te 88°0 7£°992¢ £8°0 6€°497C 9 9 z 1 9%°982¢ v

:wojoq ‘pauwlibyd
90°1 €8°6/T¢ S50 9Tt 79°0 7€99¢Ct 89°0 6€°29TC 9 59 z 1 00°252C ~(0520)%5
£8'0 715661 €€°1 715861 €T1 79°/861 811 898861 1S L5 z 1 0%'Z10¢ _(@100)%5
19°T 09°5%9T 01°¢ G /€91 661 ST6£91 61 0€°0%91 LY LY z 1 S%'TL91 _(@L91)0
10T §2'590¢ 05T 0%7°550¢ 651 0£°£502 S9'1 9€°850¢ 65 6 z 1 00'520¢ (0£00)E
ST'1 0£°ST61 v/'1 509161 791 S6° /161 651 006161 1 s z 1 00'0561 (0s61)=
6L°1 195581 8Tl 8€°9Y8T 61 LT°8Y8T 74°T €€°6Y81T €5 €5 z 1 00°€Z8T (0z81)=
st XA VA 10°T €0°£0/1 AR 76°80/1 81T 16601 6% 6% z 1 000691 (0691)=
76'1 65'50ST 124 00°86%1 62T 06°66%1 e ¥6°00ST €t €y z 1 00°5€ST _(0€ST)=E
1.1 §5'50ST 17T 00°86%1 80°C 06°66%1 10°C 76°00S1 £t 2 z 1 08'TEST o0EST)E
66°T 1%7'56T1 8h'z 86°8871 £€°C 880671 9z'C 06°1671 L€ L€ z 1 zLtTer _=
1 LY7°S6TT L6°1 86'88T1T z8'1 880671 ST 06°1671 /€ L€ z 1 981l o=
ST'T £€8°6/CC 79°0 9t €2°0 CE'99CC 1.0 6€°/9CC S9 S9 4 T 00°0SC¢ (oszO)X
9/'1 §2°590¢ ST'1 0%7°550¢ Vi 0£°£50¢ oyl 9€°850¢ 65 65 z 1 00°0£0¢ (0c00)x
95°0 0/'ST61 50°0 S0'9161 ST°0 S6°L161 12°0 00°6161 11 1 z 1 00°ST6T (ST6T)X
780 0/'ST61 z€0 S0'9T61 o S6°L161 1470 00°6161 14 1 z 1 00'0161 (0161T)X
09°0 $9'68/1 01°0 0£°9//1 0Z°0 098241 9z°0 $9'6//11 s 15 z 1 00°SZ/T (S2L1)X
70°C §9°98/1 €91 04°9//.1 €9°1 09°82/.1 69°1 99°6/L.1 19 19 4 T 00°09.1 (os21)X
% loug "3 % loug 3 % loug 0T=2 % % 10113 «6°0=2 "3 Nw N u w (ASW) ssew ap1ed

(panunuod) :g 3jqe}



DE GRUYTER

References

1

(2]

3]

[4]
5]

[6

(7]

(8]

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

P. A. Zyla, R. M. Barnett, . Beringer, et al., “Particle data
group,” Prog. Theor. Exp. Phys., vol. 2020, p. 083C01, 2020.
J. Hansson, “Physical origin of elementary particle masses,”
Electron. |. Theor. Phys., vol. 11, no. 30, pp. 87—100, 2014.
(@) M. Jammer, Concepts of Mass: In Classical and Modern
Physics, Cambridge, Harvard University Press, 1961.

(b) M. Jammer, Concepts of Mass in Contemporary Physics and
Philosophy, Princeton, Princeton University Press, 1999.

R. P. Feynman, QED, Princeton University Press, 1985.

R. P. Feynman, Superstings: A theory of Everything? P.C.W.
Davies and J. Brown, Eds., Cambridge, New York, Cambridge
University Press, 1988, p. 195.

P. Ball, “Splitting the quark,” Nature, 2007. https://doi.org/
10.1038/news.2007.292.

V. V. Varlamov, “Lorentz group and mass spectrum of
elementary particles,” arXiv:1705.02227v2[physics.gen-ph],
2017.

R. Montalvo, Bound Photon Model, 2018. Available at:
https://hal.archives-ouvertes.fr/hal-01790320v2.

P. Zenczykowski, “Quarks, hadrons, and emergent
spacetime,” Found. Sci., vol. 24, pp. 287—305, 2019.

Y. Nambu, “An empirical mass spectrum of elementary
particles,” Prog. Theor. Phys., vol. 7, pp. 595—596, 1952.

A. 0. Barut, “Lepton mass formula,” Phys. Rev. Lett., vol. 42,
p. 1251, 1979.

E. Jensen, Regularities in the Masses of Some Elementary
Particles, RVAUIMS-80-2, Copenhagen, Veterin. Agricult.
Univ. Dept. Math. Stat., 1980.

M. H. Mac Gregor, “Models for particles,” Lett. Nuovo Cim.,
vol. 7, pp. 211-214, 1970.

(@) M. H. Mac Gregor, “Light-quark hadron spectroscopy:
experimental systematics and angular momentum
systematics,” Phys. Rev. D, vol. 9, p. 1259, 1974.

(b) M. H. Mac Gregor, “Light-quark hadron spectroscopy: a
geometric quark model for Sstates,” Phys. Rev. D, vol. 10,

p. 850, 1974.

M. H. Mac Gregor, “Can 35 pionic mass intervals among
related resonances be accidental?,” Nuovo Cimento A, vol. 58,
p. 159, 1980.

M. H. Mac Gregor, “An elementary particle constituent-quark
model,” Nuovo Cimento A, vol. 103, p. 983, 1990.

M. H. Mac Gregor, The Power of Alpha: The Electron Elementary
Particle Generation with Alpha-Quantized Lifetimes and
Masses, Singapore, World Scientific Publishing, 2007.

M. H. Mac Gregor, viXra.org > High Energy Particle Physics >
viXra:1307.0023, 2013.

D. Akers, “Further evidence for magnetic charge from
hadronic spectra,” Int. J. Theor. Phys., vol. 33, p. 1817, 1994.
D. Akers, “Constituent-quark model and new particles,”
arXiv:hep-ph/0303139, 2003.

D. Akers, “Vibration-rotational dynamics of low-mass exotic
baryons,” arXiv:hep-ph/0405003, 2004.

P. Palazzi, Particles and Shells, CERN-OPEN-2003-006, 2003.
Available at: http://arxiv.org/abs/physics/0301074.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

31

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

T. Warmann: Non-linear field theory =— 797

P. Palazzi, Patterns in the Meson Mass Spectrum, 2004.
Available at: http://particlez.org/p3a/abstract/2004-001
.html P3a-2004-001.

P. Palazzi, Meson Shells, 2005. Available at: http://particlez
.org p3a-2005-001.

P. Palazzi, “The meson mass system,” Int. J. Mod. Phys.,

vol. A22, nos. 2—3, p. 546, 2007.

S. Giani, Particles Mass-Formulae, CERN-OPEN-2004-004,
CH-1211 Geneva 23, Switzerland 2004.

K. 0. Greulich, “Calculation of the masses of all fundamental
elementary particles with an accuracy of approx. 1%,” J. Mod.
Phys., vol. 1, pp. 300—302, 2010.

B. G. Sidharth, “A formula for the mass spectrum of baryons
and mesons,” arXiv:physics/030601, 2003.

B. G. Sidharth, ““A QCD generated mass spectrum,”
arXiv:physics/0309037, 2003.

H. Forkel and E. Klempt, “Diquark correlations in baryon
spectroscopy and holographic QCD,” Phys. Lett. B, vol. 679,
no. 1, pp. 77—80, 2009.

N. Isgur and G. Karl, “P-wave baryons in the quark model,”
Phys. Rev. D, vol. 18, p. 4187, 1978.

(@) N. Isgur and G. Karl, “Positive-parity excited baryons in a
quark model with hyperfine interactions,” Phys. Rev. D,

vol. 19, p. 2653, 1979.

(b) N. Isgur and G. Karl, “Positive-parity excited baryons in a
quark model with hyperfine interactions,” Phys. Rev. D,

vol. 23, p. 817, 1981.

S. Capstick and W. Roberts, “Quark models of baryon masses
and decays,” Prog. Part. Nucl. Phys., vol. 45, p. S241, 2000.
S. Capstick and W. Roberts, “Strange decays of nonstrange
baryons,” Phys. Rev. D, vol. 58, p. 074011, 1998.

E. Klempt, “Vom Ursprung der Masse (On the origin of mass),
Phys. J., vol. 9, pp. 31-37, 2010.

S. Diirr, Z. Fodor, ). Frison, et al., “Ab initio determination of
light hadron masses,” Science, vol. 322, p. 1224, 2008.

S. Aoki, Y. Aoki, D. Becirevi¢, et al., “FLAG Review 2019,” Eur.
Phys. J. C, vol. 80, p. 113, 2020.

J. J. Dudek, R. G. Edwards, P. Guo, C. E. Thomas, “Toward the
excited isoscalar meson spectrum from lattice QCD,” Phys.
Rev. D, vol. 88, p. 094505, 2013.

H.-P. Diirr, W. Heisenberg, H. Mitter, S. Schlieder, and

K. Yamazaki, “Zur Theorie der Elementarteilchen,”

Z. Naturforsch., vol. 14a, pp. 441—485, 1959.

I. v. Ludwiger, Burkhard Heim, Das Leben eines vergessenen
Genies, Miinchen, Scorpio, 2010.

I. v. Ludwiger, Zum Tode des Physikers Burkhard Heim. (pdf,
436 kB), 2001. Available at: http://www.heim-theory.com/
downloads/nachruf.pdf.

B. Heim, “Vorschlag eines Weges einer einheitlichen
Beschreibung der Elementarteilchen,” Z. Naturforsch.,

vol. 32, pp. 233—-243, 1977.

B. Heim, “Elementarstrukturen der Materie,” in Einheitliche
strukturelle Quantenfeldtheorie der Materie und Gravitation,
Bd. 1, 3. veranderte Auflage, Resch-Verlag, Innsbruck, 1998.
B. Heim, “Elementarstrukturen der Materie,” in Einheitliche
strukturelle Quantenfeldtheorie der Materie und Gravitation,

”


https://doi.org/10.1038/news.2007.292
https://doi.org/10.1038/news.2007.292
https://hal.archives-ouvertes.fr/hal-01790320v2
http://arxiv.org/abs/physics/0301074
http://particlez.org/p3a/abstract/2004-001.html
http://particlez.org/p3a/abstract/2004-001.html
http://particlez.org
http://particlez.org
http://www.heim-theory.com/downloads/nachruf.pdf
http://www.heim-theory.com/downloads/nachruf.pdf

798 —— T.Warmann: Non-linear field theory

[45]

[46]

[47]

[48]

[49]

[50]

(51]

[52]

(53]

[54]

[55]

[56]

(57]

[58]

[59]

Bd. 2, 2. unverdnderte Auflage, Resch-Verlag, Innsbruck,
1996.

W. Dréoscher and ). Hauser, “Physical principles of advanced
space propulsion based on Heim’s field theory, AIAA
2002-4094,” in 38th AIAA/JASME/SAE/ASEE, Joint Propulsion
Conference & Exhibit, Indianapolis, Indiana, 2002, p. 21.
Available at: www.hpcc-space.com.

W. Droscher and J. Hauser, “Guidelines for a Space Propulsion
Device Based on Heim’s Quantum Theory, AIAA 2004—3700,”
in 40th AIAAJASME/SAE/ASEJoint Propulsion Conference &
Exhibit, Fort Lauderdale, FL, 2004, p. 31. Available at: www
.hpcc-space.com.

W. Droscher and J. H. Hauser, “Introduction to physics,” in
Astrophysics and Cosmology of Gravity-Like Fields, Hamburg,
Germany, HPCC-Space GmbH, 2016, p. 526. Available at: www
.hpcc-space.de.

J. Hauser and W. Dréscher, “Gravity beyond Einstein? Part I:
physics and the trouble with experiments,” Z. Naturforsch.,
vol. 72, no. 6, pp. 493525, 2017.

J. Hauser and W. Droscher, “Gravity beyond Einstein? Part Il:
fundamental physical principles, number systems, novel
groups, dark energy, and dark matter, MOND,” Z.
Naturforsch., vol. 74, no. 5, pp. 387 — 446, 2019.

J. D. Bekenstein, “The modified Newtonian dynamics — MOND
— and its implications for new physics,” Contemp. Phys.,

vol. 47, p.387, 2006.

T. Auerbach and I. von Ludwiger, “Heim’s theory of elementary
particle structures,” J. Sci. Explor., vol. 6, p. 217, 1992.

S. Weinberg, Gravitation and Cosmology: Principles and
Applications of the General Theory of Relativity, New York,
John Wiley & Sons, 1972.

A. Einstein, The Meaning of Relativity, 5th ed. New York, MJF
Books, 1954.

C. F.v. Weizsdcker, Aufbau der Physik (The Structure of
Physics), Munich, Hanser Verlag, 1985.

I.v. Ludwiger and K. Griiner, “Zur Herleitung der Heimschen
Massenformel,” in Forschungskreis Heimsche Theorie, IGW,
Innsbruck, 2003. Available at: http://heim-theory.com.

H.-J. Treder, “Wann kann die Gravitation zu einer starken
Wechselwirkung werden?”” Ann. Phys., vol. 487, no. 3,

pp. 238—240, 1975.

(@) N. E. Norlund, Vorlesungen tiber Differenzenrechnung,
Berlin, Springer-Verlag, 1924.

(b) N. E. N6rlund, Vorlesungen (iber Differenzenrechnung,
New York, Reprint Chelsea, 1954.

A. O. Gelfond, Differenzenrechnung, Berlin, Dt. Verlag d.
Wiss., 1958.

H. Meschkowski, Differenzengleichungen, Géttingen, Verlag
Vandenhoeck & Ruprecht, 1959.

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

DE GRUYTER

S. Weinberg, Lectures on Quantum Mechanics, Cambridge
University Press, 2013.

L. Didsi, “Gravitation and quantum-mechanical localization of
macro-objects,” Phys. Lett., vol. 105, pp. 199—202, 1984.

R. Penrose, ““On gravity’s role in quantum state reduction,”
Gen. Relat. Gravit., vol. 28, no. 5, pp. 581—-600,

1996.

R. B. Griffiths, “Consistent histories and the interpretation

of quantum mechanics,” J. Stat. Phys., vol. 36, p. 219,

1984.

M. Gell-Mann and ). B. Hartle, “Classical equations for
quantum systems,” Phys. Rev. D, vol. 47, p. 3345, 1993.

J. S. Bell, “On wave packet reduction in the Coleman-Hepp
model,” Helv. Phys. Acta, vol. 48, p. 93, 1975.

P. Pearle, “Reduction of the state vector by a nonlinear
Schrodinger equation,” Phys. Rev. D, vol. 13, p. 857,

1976.

G. C. Ghirardi, A. Rimini, and T. Weber, “Unified dynamics for
microscopic and macroscopic systems,” Phys. Rev. D, vol. 34,
p. 470, 1986.

D. Bohm, “A suggested interpretation of the quantum theory
in terms of ‘hidden’ variables. I,”” Phys. Rev., vol. 85, p. 166,
1952.

J. Hansson, “Nonlinear gauge interactions: a possible
solution to the ‘measurement problem’ in quantum
mechanics,” Phys. Essays, vol. 23, p. 237, 2010.

E. Joos, et al., Decoherence and the Appearance of a Classical
World in Quantum Theory, 2nd ed. Berlin Heidelberg, New
York, Springer-Verlag, 2003.

B. Heim, “Strukturen der physikalischen Welt und

ihrer nichtmateriellen Seite,” unter Mitarbeit von Walter
Drdscher, 2. verdanderte Auflage, Resch-Verlag, Innsbruck,
2007.

). Jost, Geometry and Physics, Berlin, Heidelberg, Springer,
2009.

T. Gornitz and U. Schomadcker, “The structures of interactions:
how to explain the gauge groups U(1), SU(2) and SU(3),”
Found. Sci., 2018. https://doi.org/10.1007/s10699-016-
9507-6.

M. Byrd, “Differential geometry on SU(3) with applications to
three state systems,” J. Math. Phys., vol. 39, no. 11,

pp. 6125— 6136, 1998.

B. Povh, K. Rith, C. Scholz, and F. Zetsche, Teilchen und Kerne,
Berlin, Heidelberg, Springer Textbook, 2009.

J. D. Bjorken and S. D. Drell, Relativistic Quantum Mechanics,
German edition, Bl, Mannheim, McGraw-Hill, 1984.

M. A. Markow (1969), “Was ist oder was bedeutet das?:
Maximonen”, Phys. J. (Phys. Bldtter), vol. 25, no. 8,

pp. 361—362, WILEY-VCH Verlag, Weinheim, 2013.


http://www.hpcc-space.com
http://www.hpcc-space.com
http://www.hpcc-space.com
http://www.hpcc-space.de
http://www.hpcc-space.de
http://heim-theory.com
https://doi.org/10.1007/s10699-016-9507-6
https://doi.org/10.1007/s10699-016-9507-6

	1 Introduction and phenomenology
	2  Hanssontnqx2019;s perturbative model combined with the phenomenology
	3  Heimtnqx2019;s field theory
	3.1 Foundations
	3.2 Non-Hermitian spacetime structure
	3.3 Quantised nature and world dimensions
	3.4  Solutions of Heimtnqx2019;s 6-dimensional field equations in the microscopic realm
	3.4.1  The Hermitian R6 and fundamental equations
	3.4.2  Connection to the phenomenology of the R4 and partial structures
	3.4.3  Hermetry forms
	3.4.4  General solution of the hermetric fundamental problem
	3.4.5  Hermetric elementary structures

	3.5 Poly-metric geometry and partial solutions
	3.5.1  Basics
	3.5.2  Solution of the fundamental poly-metric problem
	3.5.3  Correlations and classes of condensation


	4 Derivation of a mass spectrum
	4.1 Basic approach and calculation
	4.2  Determination of unknown functions tnqx2013; link to empirical data
	4.3 Results

	5 Summary and discussion
	Appendix A:  Non-hermitian spacetime structure in the R4
	Appendix B:  Derivation of equationnbsp;(17) according to Heim [43]
	Appendix C:  Dimensions and symmetries
	C.1  Heimtnqx2019;s dimension formula
	C.2 Later expansion of the model space
	C.3 Heim space and gauge symmetries

	Appendix D:  Further contractions of Rkmpi
	Appendix E: Structures and metric tensors
	E.1  Partial structures from the phenomenology of the R4
	E.2 Composition metric tensors per Hermetry

	Appendix F:  Solution of the hermetric fundamental equationnbsp;(30) and further relations
	F.1  Solution of equationnbsp;(30)
	F.2 Calculation of the metric tensor
	F.3 Relation for a condenser anti-hermetric in the contravariant index

	Appendix G:  Analysis of Hermetry forms a and b
	Appendix H: Properties and results of the poly-metric geometry
	H.1 Properties of gik and [ik]
	H.2  Solution of equationnbsp;(43)
	H.3 Expressions of the metric tensor and the correlation tensor in the poly-metric
	H.4  Calculation of the condenser class [3]
	H.5 Further classes of condensations

	Appendix I:  Simplification of equationnbsp;(64)
	Appendix J: Linear approximation, Dirac and Maxwell equations
	Appendix K:  The spin in Heimtnqx2019;s theory
	Appendix L: Qualitative derivation of an interaction potential
	Appendix M:  Heimtnqx2019;s minimum particle mass
	M.1 Gravitational space structures and their extrema
	M.2 Mass formula from elementary hermetric structures
	M.3 The minimal mass



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


