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Abstract: Alena Tensor is a recently discovered class of energy-momentum tensors that proposes
a general equivalence of the curved path and geodesic for analyzed spacetimes which allows the
analysis of physical systems in curvilinear, classical and quantum descriptions. In this paper it is
shown that Alena Tensor is related to the Killing tensor K*¥ and describes the class of GR solutions
G* + A g*F = 2AK*P. In this picture, it is not matter that imposes curvature, but rather the geometric
symmetries, encoded in the Killing tensor, determine the way spacetime curves and how matter can be
distributed in it. It was also shown, that Alena Tensor gives decomposition of energy-momentum tensor
of the electromagnetic field using two null-vectors and in natural way forces the Higgs field to appear,
indicating the reason for the symmetry breaking. The obtained generalized metrics (covariant and
contravariant) allow for further analysis of metrics for curved spacetimes with effective cosmological
constant. The obtained solution can be also analyzed using conformal geometry tools. The calculated
Riemann and Weyl tensors allow the analysis of purely geometric aspects of curvature, Petrov-type
classification, and tracking of gravitational waves independently of the matter sources. A certain
simplification of the analysis of gravitational waves has also been proposed, which may help both in
their analysis and in the proof of the validity of the Alena Tensor. The article has been supplemented
with the Alena Tensor equations with a positive value of the electromagnetic field tensor invariant
(related to cosmological constant) and supplementary file containing a computational notebook used
for symbolic derivations which may help in further analysis of this approach.

Keywords: Alena Tensor; Gravitational waves; General Relativity; Electromagnetism; Higgs field

1. Introduction

Gravitational waves are a well-understood and researched issue [1], and it seems that the area of
this research will develop dynamically both in theoretical understanding [2] and methods of waves
detection [3,4]. While there is much evidence that General Relativity is (so far) the best description of
relativistic gravity, the analysis of gravitational waves provides further evidence and is an important
area of research, providing significant information about physical systems. The ability to describe
gravitational waves is also an important requirement for alternative to GR theories [5-7] and the
theories of quantum gravity [8].

Alena Tensor is in the early stages of research. It is a recently discovered class of energy-
momentum tensors that allows for equivalent description and analysis of physical systems in flat
spacetime (with fields and forces) and in curved spacetime (using Einstein Field Equations) proposing
the overall equivalence of the curved path and the geodesic. In this method it is assumed that the
metric tensor is not a feature of spacetime, but only a method of its mathematical description. In
previous publications [9-11] it was already shown that this approach allows for a unified description
of a physical system (curvilinear, classical and quantum) ensuring compliance with GR and QM
equations. Due to this property, the Alena Tensor seems to be a useful tool for studying unification
problems, quantum gravity and many other applications in physics.

Many researchers try to reproduce GR equations in flat spacetime or vice versa [12,13] also
many researchers try to incorporate electromagnetism into GR, connecting it in many ways with the
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geometry of spacetime [14-21]. There are known such approaches on the basis of differential geometry
[22,22,23], based on field equations [24,25] as well as promising analyses of spinor fields [26] or helpful
approximations for a weak field [27]. For this reason, the Alena Tensor should be viewed as a useful
tool that can help in the development of many different approaches or, potentially, as an independent
theory requiring theoretical and experimental verification. Therefore it seems worth checking whether
the this approach ensures the existence of gravitational waves and what their interpretation is.

Another important reason for writing this article is the fact that although the Alena Tensor
equations provide consistency with the Einstein Field Equations in curved spacetime, the description
of curvilinear solutions provided by this approach has not been sufficiently discussed in the literature
so far. The description of gravitational waves, due to the required mathematical apparatus, will
allow to deepen knowledge of this approach and to narrow down the classes of GR solutions that are
consistent with it. Such a description will not provide full knowledge about unification, because full
unification is not a task for one article and will probably require many years of cooperation of the
scientific community. However, this article has the potential to take another step towards unification
using the Alena Tensor, providing theoretical tools and hints for further research on unification using
this approach.

In this paper it will be analyzed the possibility of describing gravitational waves using the Alena
Tensor. Due to the fact that research on this approach is a relatively young field, to facilitate the
analysis of the article, the next section summarizes the results obtained so far and introduces the
necessary notation. All computationally difficult equations and graphs can be found in the attached
supplementary material as computational notebook.

In the Results section, at first it will be shown that the use of the Alena Tensor leads to the
decomposition of the electromagnetic field stress-energy tensor into components dependent on two
null vectors. Next, the general form of the metrics for curved spacetime described by the Alena Tensor
will be obtained, the Riemann and Weyl tensors will be calculated and presented for an example field
configuration. It will also be shown that the correct operation of the Alena Tensor requires the existence
of the Higgs field. The article also presents tables and graphs illustrating the obtained results (Higgs
field, Weyl tensor components, Newman-Penrose scalars) and it was shown, that the analysis of the
equations lead to the conclusions contained in the abstract.

Although at the first moment the paradigm shift proposed by this approach may seem incom-
prehensible, the author hopes that the reader will trust the scientific method, which encourages us to
calculate and check everything based on the correctness of the results obtained.

2. Short Introduction to Alena Tensor

The following chapter briefly explains the conclusions from the previous publications on Alena
Tensor. The author uses the metric signature (+,-,-,-) which provides a positive value of the electromag-
netic field tensor invariant. In previous publications it was treated as negative (reversal of the order of
terms in the energy-momentum tensor of the electromagnetic field). The following equations remove
this inconvenience while maintaining the correctness of the obtained results.

2.1. Transforming a curved path into a geodesic

To understand the Alena Tensor, it is easiest to recreate the reasoning that led to its creation [10]
using the example of the electromagnetic field. One may consider the energy-momentum tensor in flat
spacetime for a physical system with an electromagnetic field in the following form

T = outuf — ;wﬁ 1)

where T*F is energy-momentum tensor for a physical system, ¢ is density of matter, U* is four-velocity,
yiy is relative permeability, Y*# is energy-momentum tensor for the electromagnetic field.
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The density of four-forces acting in a physical system can be considered as a four-divergence. One
may therefore denote the four-force densities occurring in the system:

e fP =0,0U"UP is the density of the total four-force acting on matter

. ﬁ ffm + for = a%Y“ﬁ are forces due to the field, where

. ffm is the density of the electromagnetic four-force

. fgﬁ, = wﬁaai was shown in [9] as related to the presence of gravity in the system.

One may assume that the forces balance, which will provide a vanishing four-divergence of the
energy-momentum tensor for the entire system

1
0=0uT"F = f = - flu— fi @)
r

It may be noticed, that if one wanted to use T*/ for a curvilinear description, which would describe
the same physical system but curvilinearly, then in curved spacetime the forces due to the field can be
replaced with help of Christoffel symbols of the second kind. This means, that the entire field term
can simply disappear from the equation in curved spacetime, because instead of a field and the forces
associated with it, there will be corresponding curvature.

This would mean, that in curved spacetime %Y’Xﬁ =0 — T* = oU*UP. Asshown in [10], a
minor amendment to continuum mechanics provides this property. Assuming g, as rest mass density
and oU* = g,YU" one gets mass density taking into account motion and Lorentz contraction of the
volume and provides

%MVIOA%Lﬁazf%%—>w%:0;U%ﬁ“:0 3)
DUF
B :o;@uﬂﬂ)a:o (4)

One may thus generalize Y* making the following substitution
yeB = A (Epep o) = Lpwoo ppr_ p onp
=N\ KV =87 ) = %F 8oy V7 — Npg (5)

where F% is electromagnetic field strength tensor, y, is vacuum magnetic permeability, g*# is metric

tensor with the help of which the spacetime is considered, and

e Ay = EWF“P‘ Suy F pr gup 18 invariant of the electromagnetic field tensor,

* k= guk" is trace of k2B,

e k" is a metric tensor of a spacetime for which Y*# vanishes.

Tensor k*? may be calculated in flat spacetime and may be treated as fixed, since the value of k*f is

independent of the ¢*f adopted for analysis. In this way one obtains a generalized description of the

tensor Y*#, which has the following properties:

+ in flat spacetime Y*/ is the usual, classical energy-momentum tensor of the electromagnetic field

e its trace vanishes in any spacetime, regardless of the considered metric tensor g*f

*  inspacetime for which g*# = k*P the entire tensor Y*# vanishes

. k”‘ﬁkaﬁ = 4 which is expected property of the metric tensor (it was already shown in [10] that kP
indeed may be considered as metric tensor for curved spacetime)

In the above manner one obtains the Alena Tensor TP in form of

T = ouuf — lAp<é Kk — gﬂéﬁ) (6)
Hr k
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with the yet unknown % for which in curved spacetime (¢*f = k*P) the energy-momentum tensor of
the field Y* vanishes.

The reasoning carried out above for electromagnetism is universal and allows to consider the
Alena Tensor also for energy-momentum tensors associated with other fields. This leads to obtaining
an energy-momentum tensor T*f for the system that can be considered both in flat spacetime and in
curved spacetime.

2.2. Connection with Continuum Mechanics, GR and QFT/QM
To make the Alena Tensor consistent with Continuum Mechanics in flat spacetime, it is enough
to adopt the substitution i = ;\—f where p is the negative pressure in the system and it is equal to

p=oc®— Ap where c is the speed of light in a vacuum. Such substitution yields
appp rap _ o oap 2 4o ap 4. 45
oU*uP —T* =py*f —c QFK +Aka (7)

where 7*f is the metric tensor of flat Minkowski spacetime. Introducing deviatoric stress tensor
" = —c% % k% one obtains relativistic equivalence of Cauchy momentum equation (convective
form) in which only fe,;, appears as a body force

fr=0"p+ogI* + f3, ®)

The above substitution also provides a connection to General Relativity in curved spacetime. For this
purpose, one may introduce the following tensors, which can be analyzed in both flat and curved
spacetime

R¥ =20U*UP —pg" ; R=R"Pgu=2A,—2p )
G =R — § %k“ﬁ (10)
Above allows to rewrite Alena Tensor as
4
G* + A, g*F =2T% + oc? <g“/3 -5 k"‘ﬁ> (11)
Analyzing the above equation in curved spacetime (¢*# = k*f), one obtains simplifications
1
G+ A, g =2T"F ; G =R - L g*P (12)
thus above can be interpreted as the main equation of General Relativity up to the constant ‘L?TG where
G*F and R*f can be interpreted in curved spacetime, respectively, as Einstein curvature tensor and
Ricci tensor both with an accuracy of 4?—4G

Analyzing the G*F tensor in flat spacetime (¢*f = 7*F) one can also notice, that it is related to the
non-body forces seen in the description of the Cauchy momentum equation

constant.

9GP = 0" p+ 311 = f&. + £}, (13)

which means that in the Alena Tensor analysis method gravity is not a body force, and as shown in [9]
in above

s fh= (i - 1) fom 1s the density of the radiation reaction four-force
s fh= Q(Z—‘f u* — cza”‘cp) is density of the four-force related to gravity, where
e ¢ = —In(y,) is related to the effective potential in the system with gravity.

It can be calculated that fg, vanishes in two cases:
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o = fF= —Cayp - which turns out to be the case of free fall

*  9“¢ = 0 which occurs in the case of circular orbits

Neglecting the electromagnetic force and the radiation reaction force, using the above equation one
can reproduce the motion of bodies in the effective potential obtained from the solutions of General
Relativity. Such a description has already been done for the Schwarzschild metric [9] for

pra= i () = -2 B) =

where ¢, is a certain constant. The solutions obtained in this way enforce the existence of gravitational

waves due to time-varying ¢ (except for free fall and circular orbits).

In the above description, gravity itself is not a force, because the above description is based on an
effective potential. However, one can see a similarity to Newton's classical equations for the stationary
case with a stationary observer, for which fg, can be approximated by Newton'’s gravitational force
with the opposite sign. Thus for stationary observer fg, represents a force that must exist to keep a
stationary observer suspended above the source of gravity in fixed place.

The description of gravity obtained in this way is surprisingly consistent with current knowledge,
despite the fact that gravity itself in this description is not a force, and the force fg, is not a body force.

The Alena Tensor constructed in presented way according to [9,11] may be simplified in flat
spacetime to

1 00 1
T = Apy™f — %F’”aﬁAy ; L=T"=—-A,= —%F“ﬁ Fup (15)
which allows its analysis in classical field theory and quantum theories. Obtained canonical four-
momentum H* = —1 [ T%0 3x provides 0 = H*, = H*H, and
mc?
where P* is four-momentum, Wy, = — [ pd°x is pressure-volume work, and where €% and —, P*

are in fact two gauges of electromagnetic four-potential. In above (j1, — 1) P* is responsible for the force
associated with gravity and radiation reaction force. It was also shown that canonical four-momentum
H! may be expressed as

HV:P”+W”:—Z—2LUV+SV 17)

where S¥ due to its property S¥U,, = 0, seems to be some description of rotation or spin, and where
WH describes the transport of energy due to the field.

The quantum picture obtained from the Alena Tensor [9,11] for the system with electromagnetic
field leads to the conclusion that gravity and the radiation reaction force have always been present
in Quantum Mechanics and Quantum Field Theory. This conclusion follows from the fact that the
quantum equations obtained from the Alena Tensor for the system with electromagnetic field [9] are
actually the three main quantum equations currently used:

e simplified Dirac equation for QED:

Lopp = g F*P Fup = 5, FO10° Ay = 3 ¥ (ific D — mc®)¥Y

e Klein-Gordon equation,

e equivalent of the Schrodinger equation: ichd° ¢ = — o i’i iy V2 +cqAy
ki

where A% and A* are two gauges of electromagnetic four-potential, and where the last equation in the
limit of small energies (Lorentz factor 7y /% 1) turns into the classical Schrodinger equation considered
for charged particles.
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The above results make the Alena Tensor a useful tool for the analysis of physical systems with
fields, allowing modeling phenomena in flat spacetime, curved spacetime, and in the quantum image.

3. Results

Considering a flat spacetime with an electromagnetic field, described in a way provided by
Alena Tensor using notation introduced in section 2, one may reverse the reasoning presented in
introduction and consider the field as a manifestation of a propagating perturbation of the curvature
of spacetime which in flat spacetime is just interpreted as a field. For this purpose, one may define a
certain perturbation 1" of the metric tensor k*f that describes the deviation from flat spacetime, and
also define its trace h as

Wb =k% -y ; h=hnpp=k—4 (18)
The stress-energy tensor of the electromagnetic field in flat spacetime can be thus represented as
follows K L
Bl V7 1L B
iA, Y h 2" (19)

As one can see in the above, considering gravitational waves in the Alena Tensor is natural and does
not require classical linearization. This would mean that gravitational waves in Alena Tensor approach
are de facto a propagating disturbance of the energy-momentum tensor for the field (in the case
analyzed, the electromagnetic field energy-momentum tensor).

Denoting the pressure amplitude P, and 7*f one obtains

Po=—" R = pP — Zq“ﬁ - Y =p, P (20)
which shows that the energy-momentum tensor of the field may be also interpreted as propagating
vacuum pressure waves with tensor amplitude.

To provide an analysis of the above equation for gravitational waves and the analysis of the
resulting classes of metrics, a representation using null-vectors will be useful. Therefore, in the next
few steps it will be shown that Alena Tensor allows representing the energy-momentum tensor of the
electromagnetic field with the use of two null-vectors.

3.1. Decomposition of the electromagnetic field using null vectors

At first step one may recall equation (17) and define new four-vector B¥ obtaining
L
BVE—LZLW—SH ; HE = -TZur s (21)
c c

Since it is know from previous publications, that H* H, = 0 and U"S;, = 0, therefore above definition
also yields B¥ By, = 0. This property allows to represent U" and S* using two null-vectors H" and B

as follows -
29L 29°L
HY— B* =28"; H' 4+ B* = - =L2U" — H'B, = = (22)
thus OB
H*BP + B*HP = T*‘ u*uf — (H*HF + B*BF) (23)
Next, one may define auxiliary parameter a as
BY 2HMB,
=2 24
“=Ho * HO%mcy @4
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and subtract the linear combination of H* and B* from both sides
HO

H*BP + BHP — wH*HFP — EB“Bﬁ = (25)
2H!"B 0

= T”u“uﬁ - <[1 + a]H*HP + {1 + 1;0} B“Bﬁ> (26)

Next, using H = cH? for simplicity, one may recall from [9] coefficients related to the electromagnetic
field

¢  relative permeability y, = ﬁ—’; = V\I/_iv =e ¢
. . .1 ch mczry
*  volume magnetic susceptibility x =y, —1= = = Wy
. cigo e 1 _ —-p _ Wyo
¢  relative permittivity e, = i v 7
. . o1 _ _ QCZ _ mczry o
®  electric susceptibility xo =&, — 1 = —A, T TTH T XE
and notice, that one obtains Alena Tensor T*P as
Broap _ X (ppep 4 prpb— apep - pegs) - 27)
Ay ~ 2HMB, BO a
= Xueuf - A (o aHHP 4 |1+ H pugs (28)
c? 2HMBy, B0

where electromagnetic stress-energy tensor is equal to

Ly X (14 aqHeHA + 1o 0 pege (29)
A, 2H"B, BO

and where T% actually simplifies, as shown in introduction, to

Hr o _ _ Pr B
APT o H (30)

Completing the definition of the first invariant of the electromagnetic field tensor A,, one may define
the second invariant I, by electric E and magnetic B fields as

1 -
I, =—EB 31
L= (31)
where it is known [28], that

Y*PY,p = 4(A2+13) = 4(Y%PYq4) (32)

Therefore from (29) one obtains simplifications

H"B 212 BY 8 1 1 4c

0 _ T :7(1_7> — = 33
B=m 2w 7" m\! %) 7w T BT (33)

and by defining a useful auxiliary variable ¢ one gets

—L 1 B’
e? = 7\[; g 0= 7 cosh(p) — €% = o (34)
Finally, defining for simplicity as below
, —L 7
¢’ sinh (6) = el =1+ /Tlg (35)
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then calculating from (29) and (32)
2L —yL .
1= (- mcsz) =07 5 V2pue? = = Dosinh (6) (36)
and expressing y, = V\prv = e %, one gets further useful expressions
L ¢ o (37)

= M = I -
\/E Si nh ( 9) 7 X’)/ o€
To simplify further analysis, one may also normalize four-vectors H¥ and B¥ using (33) as follows

1 1
at = mH” ; bt = ﬁBV —  al'b, =4 (38)
where a (not h*) was introduced to avoid confusion related to the previously defined perturbation
h*P. After few calculations using previously derived relationships in (29)

X 02 X 4cH® 8 mc?y
——=[1 H) =% — -— = 1-—
X H| 0o xeB® mcy
one may now rewrite the electromagnetic field tensor Y*# as
1 #
Y = A (1 7) “af + A ( 2—7r>b“b5 41
Hro\ 1t Sisinh @) )" @ T 20 \XY T 20 sinh (6) 1)

As shown in [9] element p, A, is responsible for electric field energy density carried by light, where
Ao x* was shown as describing energy density of magnetic moment and was linked to charged matter
in motion. The element #r:h@ is a new term and part of equation related to this term may be
expressed as S** with help of (37) as

I
S = Hr agh _prpB) = 20 o—0+9) (ga,B _ prph 42
2¢% sinh (0) (“ “ ) 22 (a ‘ ) “2)

Since S* does not actually carry energy but only momentum, it can be associated with some description
of spin field effects by analogy to (22). Using (33), (34) (37) and (40), electromagnetic field tensor Y*B
may be, however, expressed in more useful form. Since

1 ) I oy xcB° I op
”’( t 2 sinh(0)) T 22 ¢ 2L 22 )
thus 1 I I
— Y = 0 I gugP g 0 o0 paph 44
Np 2V2 2V/2 (4
As one may notice, (38) also allows to simplify (21) by introducing —e?s# = %SV
2 2
at :e<”<\cfu7‘s");b” :e_<”<\cful‘+s") (45)
what using (34) yields
s"=sinhg ; §=1+cosh’q ; sts, = —2¢%¢ (46)
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and therefore allows to analyze the system using hyperbolic (and trigonometric) functions
K I
2 —;b = gcosh(plﬂ‘ — sinh ¢ s* (47)
B pe >
2 2b zgsinh(puﬂ—coshqos” (48)
2
a%aP = ¢ (CZZLI"‘U/5 + %P — % [U“sﬂ + s“Uﬁ]) (49)
V2 e ¢ e?
2T = gt pH
. u St b (50)

One may thus denote normalized Alena Tensor in flat spacetime as K*# with help of (27) and above as

follows THv 8
gwo= - TXe (aﬂb” +bta¥ — {1 - —}a”a” — b”b") (51)
Ap 8 Xe

and notice, that it may be presented after simple calculations using (45) - (49) as

—Xe Xe - Xe
wv _ _Ae praqgp _ Ae 20y | M4V _AQe 20\ | i}V
K 2 utu ([1 8(1—1—3 )}au —|—{ 8(1—|—e )]bb) (52)
Since the expression in the brackets must be equal to T}r —}p Y4, thus
1 wp X —2¢ MV X 2¢ nv
pY —[yr+—8(l+e )}aa +{—8(1+e )]bb (53)

Therefore, according to (41), (42) there must occur zlﬁe’(g“’) = %(1 + ¢72¢). Indeed, with help of (34)
and (37) one obtains

Ir o X ¢ 1 - X x coshe 1 Iy g
e’ =%(?+e %) ="coshgp = . = XY = e 54
22 g )=1 =54 v 2 M T o (54)

and the same equality may be calculated for £(1 + ¢2?) = 21—"2 e?~% what confirms compliance with
(44). Since 0 is merely auxiliary variable (used only to highlight certain relationships) and thanks to
simple algebraic transformations may be expressed in terms of ¢

2v2He? = mc?e’ sinh () cosh? (¢) — _Xi = (629 — 1) (6_24’ + 1) (55)
e

one may thus further simplify the description of the system. This shows that further, in-depth analysis
of the system is also possible, however, modeling and simplifying the description of the electromagnetic
field or searching for elementary particles that provide stable solutions requires a separate article
(probably several articles). From the perspective of describing gravitational waves, other elements of
the description are crucial, which will be discussed next.

Finally, one may notice, that property a"b, = 4 in (38) requires analysis in a complex basis. An
example of such a basis are four-vectors

1 1
_ [ isinh(io) _ [ i(2v2cosh(ic) — 3sinh(ic))
TO=1 oshio) |7 D=\ Zscoshiio) + 2v2sinhio) 56)
0 0

where the angle o was introduced to facilitate further analysis. The null basis product is a sim-
ple consequence of equation (32) as a consequence of taking only the electromagnetic field into
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account in the analysis. Since reality requires other fields (e.g. electroweak), it can be assumed
that changing Y*f — Y*¥ into the field tensor corresponding to reality, would probably provide
Y Yo = 2(?)[; Yolg> — aby, = 2, which then makes it possible to assume a basis in real numbers.
However, since in this paper it is considered the Alena Tensor with the electromagnetic field only,
the basis (56) will be retained for further analysis as an example, especially since the transition to the
generalized field in the discussed approach is a fairly simple procedure.

A cursory examination shows that this basis describes the electromagnetic field very well indeed.
It has a good representation in conformal geometry (null vectors correspond to points on the equator
of the Penrose sphere), where the propagation directions are perpendicular to the time axis (purely
spatial), ideal for describing a circularly or elliptically polarized wave in the direction of Poyting
vector Z = (0,0, 2iv/2), where a* b, = 4 represents the constant phase relation between the electric and
magnetic fields. The proposed basis naturally enters the Newman-Penrose formalism, allows for a
full spinor representation of the electromagnetic field, where ¢ is a typical massless wave, satisfies
the wave equation Lo = 0, and since it provides a spin-helicity of +/- 1, it is well suited for further
analysis in the QFT framework as a photon wave representation, describing a single-particle state.
However, detailed analysis of these issues is beyond the scope of this article.

3.2. Covariant metric, Higgs field, Riemann tensor, Weyl tensor and gravitational waves

Substituting (41) into (19) using (37) and using Alena Tensor properties one gets expression for
metric k% describing the system in curved spacetime

k(I I
k=2 (—U P ataf + 2?0 p*pP + "‘ﬁ> 57
i \202 22 U (57)

It turns out that using properties of metrics, one may find a general solution for the inverted
metric k, 5. Summarizing the key properties one obtains

K10 = kg™ = k; K"Pkop = 4; det(k) det(kyp) = 1; ko = F (58)

where in the last condition it is enough to check the index (0,0), because the null vectors are normalized
(a° = 1; b° = 1). To simplify the calculations, it is easiest to define auxiliary variable q and start from
anstaz with unknown A, B,C, D in
Ael¢ B et~ ?
;o kp=+— ——=b,b, —C(ayb, +b D 59
W=7 NG audy + b 2 ubv (ﬂy v+ yﬂv) + D (59)
By eliminating the subsequent variables to provide equations (58), one obtains covariant metric in the

form o o
sinh () e"~¢ sinh (g) e~ .
—a,a, + —— b,b, — sinh a,by, +byay) + e 60
I ﬁ v A \ﬁ uby (5])( ubv u v) Nuv (60)

where invariants of electromagnetic field turns out to be related to the trace

kyy =

? 1 e —1
L _ — . — 229 —
% =2 - I, = s det(k,p) =€ (e 2) (61)

which means that the trace k is also invariant. The supplementary material contains equations
confirming the correctness of the derivation.

Using arc — for simplicity, to emphasize the change to curvilinear description (since values in
curvilinear description may be different), one may notice, that considered in curved spacetime trace

k=4 yields E: 0. Therefore, the transition to curved spacetime can be understood as solutions with
imaginary magnetic field B — iB. It is also worth notice, that for the null basis example (56), the above
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metric seems to describe a gravitational wave in conformal geometry, where % = ¢~ 7 plays the role of
a conformal factor Q~2. Further analysis in this direction should allow to isolate both the polarization
and the relation of k to the Ricci scalar by classical relation R = Q2 (R — 6[1log Q).

2

Expressing U* by null-vectors as in (49) and requesting U*UPk, p = ¢ one obtains ugly expression

linking cosh (¢ + 0) and g (due to the complexity of the calculations and the result, it is shown in the
attached supplementary material with calculations).

cosh(q) — 3sinh(g) — 1
2 *W(cosh(q) — 3sinh(g))

cosh(f0 + ¢) = (62)

However, substituting q as the I, function according to (61)

/ 1
0

and denoting V = 1 + 21} — 312, it appears that this ugly expression (62) actually expresses following
dependence

1+VV
V21,

where V is the classical Higgs potential and the broken symmetry in the system can be interpreted as

cosh (8 + ¢) = — V =1+ 2% cosh?(0 + ¢) — 2v/21, cosh(6 + ¢) (64)

an apparent mismatch of coefficients related to cosh (¢ 4 ). The Figure 1 shows the classic "Mexican
sombrero" potential V(I,). Since cosh (¢ + 6) is related in equation (42) to the angle describing the spin,
this means that in this solution the spin effect of the field is described by invariant angle (depends only
on I,) and, according to (61) it is closely related to the trace of the metric and, consequently, to the Ricci
scalar in the curvilinear description and thus to spacetime curvature. This also at least means that
to obtain correct results in curved spacetime in the Alena Tensor model, the Higgs-like potential is
needed.

— Higgs potential V[lo]

i
-1.5 -1.0 -0.5 0.0 0.5 1.0 15

Figure 1. The existence of the Higgs field potential as a consequence of U* Uﬁkaﬁ = c?

Since this paper considers a system with only electromagnetic field, the above described broken
symmetry should be considered more as a consequence of the Higgs field in electromagnetism
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(equivalent to the Abelian mechanism and broken U(1) symmetry) visible in the curvilinear description
within GR. However, the above result may contribute to a better understanding of the description
of the Higgs field action within the GR containing electromagnetism and connections of the Higgs
potential with curvature and spin seen in obtained result. Perhaps it will also help to extend Alena
Tensor description to the electroweak field, which will allow to compare the quantum and curvilinear
images, which, however, deserves a separate article.

For I, = ,/1+ % the whole metric becomes significantly simplified and symmetric

B 1 o B sinh(q) I,
Io_mav_loeq—ln(\leo)% L 23 (65)

which means that it may be assumed that adopting the above value leads to some significant and

physically important solution of the equations for the system.
Using hyperbolic identities and expressing

cosh (6 + ¢) = cosh(f) cosh(g) + sinh(f) sinh(¢p) = e ? cosh(g) + e? sinh(6) (66)

then using (37) one obtains

3

1+

2
XY+ e = - V= (2')/2)( + 2u,e% — 1) (67)

2
which allows for further analysis of the Higgs potential. For example, using (41) and (46), the relation
between electromagnetic energy density Y, angle ¢ and spin four-vector S# zero component is

1+VV 1+VV 280
_ ? o —
2ure? sinh(g) + -

therefore

1
7Y00 — ]’lr -+ Xf)/z — (68)

Ap
Above also explains the origin of ¢ and the connection of spin and Lagrangian with the energy density
of the electromagnetic field. Since, according to the considered Alena Tensor approach, in curved
spacetime the energy density expressed by Y must vanish (the entire stress-energy tensor of the
electromagnetic field vanishes), this means, that ¢ and thus 7 in curved spacetime becomes invariant,
which allows to analyze the transition to curved spacetime.
One may now consider what value the Alena Tensor takes in curved spacetime. To do this, it is
easiest to analyze the behavior of K*. As one may calculate, the determinant of this tensor is 0 and

the matrix rank is 2, but, as described in the introduction, it degenerates to K¥'= _C—éc" U*UP in curved
spacetime. It can be seen that in the Alena Tensor approach the metric follows from propagation.
However, in curved spacetime the electromagnetic field according to this approach should vanish,
remaining present only in the metric and determining geodetic. This can be achieved by degenerating

vectors a# and b" to a single vector in curved spacetime a*=b". However, in such situation the equation
(49) forces this vector to be the four-velocity, divided by the Lorenz factor

d=bF uf*:i(gﬁ%ﬁcﬁ‘):cqﬁ Soar= Ly 69)
V2 1\ 2 2 cy
which degenerates K?V from (51) to the form
U 1 v v 1 v . 1
al=bl'= —U" — K= —al'a"= - U"U" = xe= — (70)
cy oy Y

As can be easily verified, the exact above relation of variables leads to the vanishing field stress-energy
tensor in (53) upon transition to curved spacetime.
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Since the metric is known and U* may be expressed by values of a*, b* in flat spacetime thanks
to (49) this allows to easy obtain the normalized Einstein tensor and Ricci tensor (normalized by A,)
using the equation (12). According to the notation used in (12) one obtains
1

1 ~
L orw — g (1 + )k”” ; —GH =2 KW — kM (71)
0 r)/ AP

where Ricci scalar R (normalized according to notation used) may be calculated as A R=4+2%

The described system seems to be Petrov type D or 11 [29], although to be sure, "the Weyl tensor
should be calculated. This does not seem possible for the general case (without auxiliary assumptions
about symmetries), but one could simplify the obtained description considerably, based on the fol-

lowing observation. One may notice, that the vanishing Lorentz factor 7 in K*# can be interpreted
as an important suggestion for the description of motion in curved spacetime. Such motion would
correspond to a stream of particles moving without dilation, a strictly ordered flow without local

perturbations, resembling a perfect, infinitely stiff fluid. This means that K*¢ should be the Killing
tensor and the system should have hidden symmetry (similar to the Carter constant in Kerr solutions).

As shown previously, product of the basis is in considered case a*b, = 4, which means that null
vectors have global significance for spacetime geometry, thus Killing tensor should have a strong
connection with propagation along null vectors (it is not a random symmetry, but a deep feature of
spacetime) and this would mean the existence of special wave surfaces, e.g. electromagnetic waves
and/or gravitational radiation. This would be also a clear indication that spacetime belongs to the
Petrov D or II class and is associated with wave propagation solutions.

Also, the analysis of obtained equations drive to conclusion, that energy (energy density) is not
something external to geometry in Alena Tensor approach, but energy is defined by the geometry of
spacetime itself. This is a result in the spirit of General Relativity, but it goes even deeper: metric k*

depends on e?, but at the same time —— ,Y j depends on the metric because it is trace of K"‘ﬁ in this metric.
The system itself defines its own energy through the structure of the field, which is similar to the
idea of Self-consistent Field [30] - where the field and the source are inseparable, or Emergent Gravity
[31,32] - where energy, gravity and geometry arise from a common structure, or Induced Geometry
[33] - where energy comes from deformation of spacetime itself, as e.g. in Sakharov’s theory [34]. It
seems impossible to "decree" energy in Alena Tensor, but it must be calculated from geometry and the
system works as a closed causal cycle.

The dependence for K* of its norm and trace in curved spacetime (the norm is the square of the

trace) is a key property for null space and suggests that K*f describes isometries related to null wave
propagation, similar to pp-wave [35] and Robinson-Trautman solutions [36], what is actually expected
in considered approach based on electromagnetic stress-energy tensor and result (57). This would also
mean that the Killing tensor is directly related to the energy distribution in spacetime as expected,
similar to other GR solutions (eg. Kerr solution), and lead to a rather groundbreaking but also expected
result in the context of the discussed approach, that the Killing tensor directly determines the Einstein
tensor in main GR equation.

Since K*/ is simply the Alena Tensor (stress-energy tensor for the system) divided by A,, it gives
correct conserved values in the Noether formalism (conserved density of energy and momentum).
From the definition of the Alena Tensor as the energy-momentum tensor for the system it also follows
that K"V is symmetric and V, K*¥ vanishes.

Since Ea p u* uf = — ;—22 this implies that along a geodesic parametrized by proper time 7, its total
derivative vanishes. J

~ e o
T (Kap UtUP) = 0= U"V, Kqp UUP (72)
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Using the symmetry of EW one may note that
UPUFUY VY, Kyw= UAUFUYV o Ky (73)
Therefore, the condition
(Vi Kp)USUPUY =0 = Vg Kuy=0 (74)

holds for arbitrary tangent vectors U¥, and it indeed follows that V, EHV): 0. Therefore normalized
Alena Tensor is Killing tensor for considered system.

In this way Alena Tensor theory, in curved spacetime, becomes equivalent to some specific case of
General Relativity equation expressed in the following form

V(l‘ Kapy= 0 — 4CL4GGD¢5 + A]kaﬁ =2A Kap (75)
where according to (12) in the above equation ‘L?TGG“ p is the classical Einstein tensor in commonly
used notation 4CL4GG04; = G;‘ﬁ (classical Einstein tensor).

Thanks to the above, since the Weyl tensor is defined as the part of the Riemann tensor that
does not depend on the Ricci tensor, this implies that since Killing tensor determines the Einstein
tensor, and the Einstein tensor determines the Ricci tensor, then one could calculate the Weyl tensor
by extracting the part of the curvature that does not contain the Ricci tensor. This would also mean
that the Christoffel symbols can be expressed as a function of the Killing and Einstein tensors, and the
Riemann tensor can be written directly as a function of the Ricci and Killing tensors.

For the system under consideration, one may therefore construct a general Weyl tensor ansatz
CH**f, which must contain only components that do not become zero when the trace part is subtracted
from the Riemann tensor. It should be of the form

CHvap = c1 THvap 4 o, prvep c3 QP””"/S (76)
where
sHeB —  grpY et P — g Vb aP — b a¥a®bP + btV braf (77)
preb = algVb*pP — pHBYa%af (78)
Qywxﬁ = a'p ;7&/3 o atxbﬁ 17;41/ (79)

It is easy to check that the above tensors are linearly independent and form the basis for the repre-
sentation of any Weyl tensor in the system under consideration. Analysis of their behavior indicates
that

e XM4b g responsible for "pure" directional propagation, e.g. a gravitational wave propagating
along null directions (purely conformal part of the Weyl tensor, described solely by null geometry),

e PHvaB describes non-radiating, "axial" deformation of space, e.g. tidal sequences, consistent with
mass motion without undulations,

e QP describes conformal distortion of the background metric itself.

The coefficients c1, ¢3, c3 are not known a priori, but one may determine them with help of Riemann
tensor. To obtain Riemann tensor R¥**# in the system under consideration, it is enough to assume the
following ansatz

RIF = Ay (kMk"P — kMPK™) + (80)
+A, (K?m VB KHB v g by VP w) 81)
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It has the following justification

*  The Riemann tensor satisfies the known algebraic symmetries: Ryyup = —Rypap = —Ruvpa,  Ruvap =
Rupuvs  Rupap) = 0. The above ansatz satisfies them automatically.
*  There are only two tensor objects available in the system: the metric k,, and the Killing tensor

Ew: — ﬁ U, Uy. The Riemann tensor must be constructed exclusively from them.

*  The first term with A; corresponds to the geometry of a spacetime with constant curvature, as in
de Sitter spacetime: R vep ) ™ kHakvB — kHPkva

(constant curvature
*  The second term with A, is the minimal geometrically correct extension that takes into account the

presence of non-null energy (represented by K*V). Its construction provides correct symmetries

and enables the reproduction of a non-null Ricci tensor RVA = Rﬁvﬁ

¢  Other possible combinations (e.g. K® E) are linearly dependent or asymmetric with respect to
the required properties of the Riemann tensor, and do not provide new information in the case
under consideration.

*  The whole creates the most general fourth-order tensor with Riemann symmetries, which can be
constructed from available geometric objects.

Computing the contraction of the above Riemann tensor anstaz with k;,, one gets

kyo RFP = 3A1k"P + A, (2 K'P —,:Zkvﬁ) (82)

Since normalized Ricci tensor R* is known (71), therefore considering for simplicity above Riemann
tensor anstaz as normalized, one gets

Al:;’<1+’Y22> ; Ax=1 (83)
Such normalized form is convenient to use because it allows one to easily obtain both: classical
tensors (multiplication by the cosmological constant A) and tensors in the Alena Tensor notation
(multiplication by field invariant A).

Next, one may consider normalized trace part of the Riemann tensor S¥'*#, which provides the
necessary symmetries and the vanishing trace in the Weyl tensor. For this to be satisfied, trace part
must have the following, classical [37] form (where Ricci tensor R"? is considered for simplicity also as

normalized):
gHvap _ %(k’* “RVE — kMR — K RIP 4 KVPRI) (84)
1

-2 R(k”“k“ﬁ _ ]k”ﬁ]k“"‘) = (85)

(o k0 (10 L)) (2 ko0 (10 L)
Sk (2KP + (14— kP ) — k(2K +(1+ = )k (86)

2 72 7
kv (2 KPH +<1 + ;)n@ﬂ) + R (2 K/’;ﬂ -|-<1 + ’)}Z)k“”)} (87)
1 (2 " i) (kb — b (88)
3 7?2
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Since all terms related to K¥' reduce after grouping the components in C**f = R — G#v#f one
obtains normalized Weyl tensor in generalized form for the system under consideration

CHveB — Ruvap _ guvap (89)
1
(1 + 72) (kP — k™) (90)
—% (1 + 712) (KMokPY — KPR + k7 kP — kPR (91)

Trace of above Weyl tensor disappears and it has all the expected symmetries. Substituting the metric
known from (57), one obtains the coefficients postulated in the anstaz (76) and as one may notice from
non-zero coefficient ¢, gravitational waves exist in the system.

T (1 + i)ﬁ e (92)
1 = ,-),2 8
NG o
2 = (1+5)e™ sinh (26 — 2¢) (93)
3 = (1 + i) L e % sinh(6 — ¢) (94)
72/ \2

One can also demonstrate the existence of gravitational waves using classical analysis using the Weyl
tensor components and Newman-Penrose formalism [38]. Having calculated the above-mentioned
tensors and sample basis (56), one may notice, that four-vector a#(c) is purely real. One may thus
construct a Newman-Penrose tetrad around it, fitting to the geometry of the system, as follows

m = a' o) (95)
1_si

= %’(1,1,0,0) (96)

1 < icoso icoso ) )

m” = - . 7 . /711 97
ﬁ(cos%+sin%) 1+sinc’ 1+4sinc ©7)

—— cos%+sin%< icoso  icosc ; ) 8)

V2 1+sinc’1+sinc””’

The above four-vectors satisfy all the tetrad requirements and lead to only two non-zero NP scalars

¥, — 8C [(i\@ —1) sin(%) —(i(V2+1) Cos(gﬂ (99)
¥y = 4C[1-2iv2cos(0) — 3sin(0)] (100)

what is confirmed in the supplementary materials. Scalar Y3 can be zeroed by a rotation around n*
without modifying ¥4 and the system under consideration is thus Petrov type III or N. However,
taking into account the non-zero Ricci tensor and the Bel criteria, considered spacetime must be Petrov
type 111, since due CH4B is built from reversible metric (89), thus there does not exist any vector (g
satisfying CH*h¢ p=0.

Therefore, finally, spacetime described by Alena Tensor with only electromagnetic field may be
interpreted as a certain form of the Kundt solution with dust [39] of Petrov type III, similar to described
in [40,41]. One may also notice, that additional fields added to the Alena Tensor depending on the new
null directions should break the obtained degeneracy leading to the general Petrov type I case.

One may also substitute an example basis (56) into Weyl tensor to analyze its values. Table 1
presents the values of the key components of the Weyl tensor in this basis.
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Table 1. Component values of the Weyl tensor.

Component Value

C 0212 i16C, =5Cp) cos(0) ~7iC; cos(3a) 8C; sin(c) — 20C; cos? o sin(c)
C 1313 0 v

C 0202 4Cy (1 + 3 cos(20) — 2iv2 sin(Z(T))

c 1010 4Cq (1 — 3co0s(20) + 2iv/2 sin(Z(T))

C 2323 0

C 1213 0

C 1323 0

One may then solve the system of equations (37, 55, 64) presenting the results only as a function
of I, and ¢. Due to the complex relationships between variables, analytical solution and obtained
results are presented in supplementary file. Weyl tensor component values were calculated for the
value [, = ,/1+ % adopted for the analysis (65) and for chosen solution ¢(1,), 6(1,). The Figure 2

below clearly shows the wave nature of the C%?12

component of the Weyl tensor, presenting the result
of the calculations performed. Obtained Weyl tensor component C%?!2 seems to encode the variation

of some curvature field along the propagating direction ¢

Normalized Weyl tensor component C0212(o) for lo = ’ 1+ #

Value

— Re[C0212] — Im[C0212]

Figure 2. Weyl tensor C%?12 component as a wave

Gravitational waves are often modeled using Gaussian impulse as in [42], but this can also be
done using the dependence of ¥4 on 0. One may therefore show the deformation effects for an example
arrangement of test particles on a circle. In the supplementary materials there are calculations and a
gif file presenting animation of this distortion. This animation reveals the typical quadrupolar nature
of spacetime distortions induced by gravitational waves (characteristic twisting and stretching).
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Sample deformations caused by
gravitational waves resulting from Alena Tensor
Deformation for 0=0. Deformation for 0=0.785398

15 150

D
Ny

b -15b

Deformation for 0=1.5708 Deformation for 0=2.35619,
¥

15

D

\

-5 “15-

Figure 3. Deformation visualization for particles on a circle.

The above Weyl tensor components are actually normalized. One may thus present the main GR
equation in the Alena Tensor notation (12) and represent it using the vacuum pressure 2 pp = % =Ny

as follows . .
G* +2pp k" =2T% = 2A, K¥=4p, K*F (101)

Since the obtained Weyl tensor is normalized (by A - classical notation or by A, - Alena Tensor notation)
this means that the interpretation from (20) that gravitational waves in the Alena Tensor approach are
in fact propagating vacuum pressure disturbances also seems to be correct.

It is also worth noting that the obtained metric term e~75*f = %17"‘5 can in principle be interpreted
as a vacuum energy contribution (effective cosmological constant) as in [43,44] playing the role of a
metric scaling factor, as e.g. described in [45].

Additionally, one may invoke the scalar field ¢ associated with the presence of matter, where
e = % It is known from 2.2 that e? is responsible for the presence of sources and in their absence
pir = 1. Therefore, interpreting whole Y*# as the wave amplitude tensor one would get representation
iY”‘ﬁ = P, h*Pe? which would also allow to search for ¢? as a certain wave function.

This approach allows for two simplifications related to the analysis of gravitational waves.
Considering the force fg, responsible for effects related to gravity as shown in (14) and extracting the
acceleration A" from it, one gets

d d?
QA" = fo, = g(gu“ — c2a“¢) - 20p = 72—47 — 9, A” (102)

since according amendment from [10] 9,yU* = 0.
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As shown in [9], ¢ is directly related to the effective potential in gravitational systems which
can be calculated from the GR equations. This would allow searching for propagating changes of the
effective potential itself ((J¢ = 0) similarly as was postulated in [46]. It would significantly simplify
both the calculations and perhaps the methods of detecting gravitational waves, for example, using
the approach discussed in [47].

The second potential simplification results from the possibility of analyzing only the Poynting
four-vector Y*¥ as %Y”‘O = P, h*%? which might also help simplify the calculations and search for
experimental proof for the Alena Tensor approach.

4. Conclusion and Discussion

As shown in the above article, the Alena Tensor ensures the existence of gravitational waves and
allows their physical interpretation, providing key tools for their further analysis including the ability
to calculate and visualize Weyl tensor components. The obtained decomposition of the electromag-
netic field stress-energy tensor (57) allows for further analysis of metrics for curved spacetimes (e.g.
extending obtained solution for other fields) and also to use the proposed null basis for further Alena
Tensor development in the framework of conformal geometry, the NP formalism and the description
of photons in QFT. It also seems reasonable to generalize above results for more fields or non-linear
electromagnetism using e.g. approach presented in [48] and search for a description of elementary
particles that will provide relatively stable solutions to the obtained equations, perhaps also taking
into account new approaches, such as those proposed in [49].

It remains an open question whether the Alena Tensor is a correct way to describe physical
systems, but this paper shows that it exhibits many properties that are expected from such a description,
including the existence of gravitational waves whose behavior and description agrees with GR. The
obtained picture of Kundt spacetime with dust of Petrov III type would suggest, that in gravitational
waves for sources that can be treated simplistically as the result of the existence of an electromagnetic
field alone, one should be able to observe effects related to non-zero ¥3 (visible twisted components).
Perhaps, however, generalization of the Alena Tensor to other fields (e.g. electroweak) will correct the
above conclusion, providing the possibility of experimental verification of the obtained result for more
realistic sources.

It is worth noting that the obtained non-zero form of the Weyl tensor (89) constructed from the
metric k#¥ will not change regardless of the fields considered and no matter how many null vectors
the metric consists of (assuming more complex fields than electromagnetism). This Weyl tensor has
also an important property: for any tetrad considered in curved spacetime, all NP scalars become zero,
and they remain non-zero only for tetrads constructed on the background Minkowski metric. This
means that gravitational waves derived from Alena Tensor do not exist in curved spacetime and can be
detected only against the background of the Minkowski metric. Therefore, according to the postulate
(19), gravitational waves are not "local fluctuations” of curvature but global effects of the difference of
geometry with respect to a flat background. This result has a rather intuitive interpretation and means
that, according to the equivalence principle, observers in curved spacetime do not experience gravity
in any form, including gravitational waves, because their tetrad "co-curves" with the geometry.

The above form of the Weyl tensor can thus be treated as a formal geometry of the equivalence
principle and as a requirement for every physically possible solution of GR, which would, however,
require a separate proof. This direction of further research also seems very important, because it would
provide a formal justification for the fact that the measurability of gravity is relational, not absolute,
and also offers a new way of considering quantum gravity: not so much as field fluctuations, but as
fluctuations of the geometric background with respect to the algebraically defined Weyl tensor.

Additionally, quite surprisingly, this approach naturally forces the existence of the Higgs field
and this field turns out to be necessary to even consider curved spacetime, leading to symmetry
breaking in the described case of GR with electromagnetism. The spontaneously appearing faithful
reproduction of the Higgs potential may of course be a completely coincidental result, but it may
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also be an indication that the proposed approach is worth further investigation and development for
other fields (electroweak or more general solutions), to obtain complete picture of unification. This
direction of research seems to be particularly important. The unification of gravity with electroweak
interactions has been analyzed so far, among others, in the context of symmetry breaking and gauge
geometry [50,51], through the prism of the influence of gravity on the global properties of quantum
vacuum [52,53], analogies between spin-gravity coupling and the Higgs mechanism [54] or analysis of
chiral fermions and CPT symmetry in the presence of curvature [55,56]. It seems that the approach
considered in the article best fits into the last of these research directions, due to the possibility of
analyzing the structure of the Weyl curvature, the potential asymmetry of gravitational waves (related
to ¥3) and because it actually touches upon chirality in the spatial and propagation sense, although
not directly in the fermion sense.

The connection between Alena Tensor and the Killing tensor obtained in this paper reveals a deep,
nonlinear connection between the matter distribution and the geometry and symmetries of spacetime.
These results show that the matter distribution in this approach is not arbitrary, but precisely tuned
to the geometry and hidden symmetries of spacetime, which allows for their further analysis in the
language of Killing tensors and conformal Weyl curvature.

As indicated in the introduction, the Alena Tensor is a new approach and certainly requires a lot
of work and further research. For example, one may consider modifications and extensions, adapting
it to e.g. non-conserved energy-momentum frameworks as presented in [57] or to the generalizations
of GR [58] and other known gravity models [59]. This would open up additional possibilities for
analyzing non-classical solutions and new directions of reasoning contained in these publications,
which could also increase the unification potential of the Alena Tensor. An equally interesting research
direction seems to be the use of the smooth transition between classical, quantum and curvilinear
descriptions provided by the Alena Tensor to reanalyze existing studies, such as [60].

The author hopes that the results obtained in this article will facilitate further use of discussed
approach as a tool that can help develop many different concepts. It seems that its further analysis
may provide useful descriptions of the transformation between curved and flat spacetime and bring
new insights that will contribute to a better understanding of issues related to the broadly understood
unification of physical theories.
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