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Abstract

This study re-evaluates the fundamental principles of Einstein's General Relativity, particularly its cornerstone assumption of a
constant speed of light in a vacuum, in light of experimental evidence demonstrating significant light deceleration. The pivotal
2006 experiment by Lene Hau and her team, achieving near-zero light speed in a Bose-Einstein Condensate, challenges the
universality of 'c' and necessitates a reassessment of gravitational theories predicated on its constancy. Here is a re-evaluation of
the existing framework by introducing the concept of 'Intrinsic Equilibrium,' this research proposes an alternative approach
integrating gravitational and electromagnetic interactions more comprehensively. This work formulates the Intrinsic Field
Equation and the Coupling Field Equation to describe these interactions, offering a potential resolution to the conflict between
observed light behaviour in extreme conditions and the established framework of General Relativity. Experimental validation
will be pursued through satellite-based and ground-based measurements, seeking deviations from General Relativity's
predictions. This research advocates for a paradigm shift towards a more integrated understanding of gravity and
electromagnetism, potentially resolving long-standing inconsistencies between General Relativity and quantum mechanics.
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1. Introduction: The Light Speed
Paradox in General Relativity

constant that underpins the very fabric of spacetime. This prin-
ciple dictates that gravity arises not from a force, but from the
curvature of spacetime caused by mass and energy.

However, experimental observations in recent decades have
begun to challenge this foundational assumption. The most

1.1. Gravity

Einstein's General Relativity (GR) stands as a monumental
achievement in theoretical physics, fundamentally altering our
understanding of gravity. At its core lies the principle of the
constancy of the speed of light in a vacuum, 'c,' a universal
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striking of these challenges comes from experiments involv-
ing Bose-Einstein Condensates (BECs). In 1999, Lene Hau
and her team at Harvard University achieved the remarkable
feat of slowing down light to a mere 17 meters per second
within a BEC. Later experiments even brought light to a com-
plete standstill. These groundbreaking results directly contra-
dict the constancy of 'c,' the cornerstone of GR. This discrep-
ancy raises profound questions about the completeness of GR
as a description of gravity, particularly in extreme conditions.
While GR elegantly explains a wide range of gravitational
phenomena, it struggles to accommodate these experimental
findings. GR posits that gravity affects the path of light, bend-
ing it around massive objects, but it does not alter the speed of
light itself. The experiments with BECs, however, demon-
strate that under certain conditions, the speed of light can be
dramatically reduced, even halted, challenging the universal-
ity of 'c.' This divergence highlights a potential conflict be-
tween GR's theoretical framework and experimental reality.

1.2. A New Paradigm for Gravity

General Relativity (GR), through the Einstein Field Equa-
tions (EFE). Einstein (2014) [1], fundamentally links
spacetime geometry to the distribution of matter, energy, mo-
mentum, and stress. These equations define the spacetime
metric based on the stress-energy-momentum tensor. However,
GR struggles to adequately address phenomena challenging
its core principle of a constant speed of light. The experiment
by Lene Hau and her team at Harvard, demonstrating light
slowed to near-zero velocity in a Bose-Einstein Condensate,
directly contradicts this constancy, a phenomenon GR cannot
explain. In contrast, this new theory emphasizes the funda-
mental principles of equilibrium and causality, offering a
novel framework articulated through a four-dimensional uni-
versal equilibrium that addresses the light speed anomaly.

Gyv-i-AguV:KTuv (1

In which Guv equals the Einstein Tensor, Iuv equals the
Metric Tensor, Ty, equals the Stress-Energy tensor, A equals
the cosmological constant and x equals the Einstein gravita-
tional constant.

The core principle underlying General Relativity pertains to
a curved 4-dimensional Space-Time Continuum. Similarly,
the fundamental concept in this novel theory revolves around
a 4-dimensional Universal Equilibrium delineated by equation
(6).

This new theory centres on the principle of universal equi-
librium, expressed through the vectorial summation of force
densities ([N/m?]). Force densities, regardless of origin, are
fundamentally interchangeable, reflecting a deeper underlying
equilibrium. Vegt Wim (1995) [2]. Unlike General Relativity,
which fails to account for phenomena like light slowed to zero
in Bose-Einstein Condensates (as demonstrated by Lene Hau),

this framework directly addresses such anomalies. It postu-
lates that electric, magnetic, and gravitational fields interact
within a defined equilibrium, providing a basis for under-
standing light-matter interactions leading to extreme light de-
celeration, something unexplained within the constraints of
General Relativity.

This new theory posits that all interactions between corre-
sponding fields — electric, magnetic, or gravitational — mani-
fest as force densities ([N/m?®]). The core principle is that all
such force densities, regardless of their source, collectively es-
tablish a universal equilibrium. This approach directly con-
trasts with General Relativity, which struggles to explain phe-
nomena like light being brought to a complete stop in Bose-
Einstein Condensates (BECs). While General Relativity offers
no mechanism for this extreme light deceleration, this frame-
work, rooted in equilibrium and causality, suggests that field-
matter interactions create force densities that can bring light
to a standstill under specific conditions, a detailed calculation
of which is found in Vegt Wim (14 October 2022) [3] and Vegt
Wim (26 October 2022) [4] specifically detailed within equa-
tions (4) through (22).

The vectorial force densities are obtained from the diver-
gence of the sum of the Electromagnetic Stress-Energy tensor

Tand the newly introduced Gravitational Tensor J.

KTw < Tw + Juv )

Equation (2) encompasses the sum of the Energy Stress
Tensor T,, which includes the terms that characterize the

vector components of the electric field intensity

(E_X , E_y ) E_y) as well as the vector components of the mag-

netic field intensity (H_X , H_y , H_y) . Additionally, it incor-

porates the Gravitational TensorJ ,,, , which accounts for the

uv>
terms that describe the vector components of the gravitational

field intensity (@ , g_y , @) .
The stress—energy tensor Tﬂv describes the density and

flux of electromagnetic energy and momentum in space-time,
generalizing the stress tensor of Newtonian physics. It is an
attribute of matter, radiation and non- gravitational force fields.

The Gravitational Tensor describes the density and flux of
gravitational energy and momentum in space-time. It is an at-
tribute of gravitational energy density and non- electromag-
netic force fields.

This new theory describes Electro-Magnetic-Gravitational
interactions through the 4-dimensional divergence of the sum
of the Electromagnetic Stress-Energy and Gravitational Ten-
sors, resulting in a 4-dimensional Force-Density vector
([N/m?]). By explicitly connecting electromagnetic and gravi-
tational forces, this framework suggests a mechanism, based
on equilibrium and causality, where these interactions create
force densities that can account for phenomena such as light
coming to a standstill in Bose-Einstein Condensates (BECs).
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In vector notation the 4-dimensional Force-Density vector
can be written as:

= =|:|-($+3) (4)

Analogous to the three-dimensional vector operator known
as Nabla (V-) which signifies the three-dimensional diver-

gence within a vector space, the vector operator (O+) denotes

the four-dimensional divergence within the Minkowski
spacetime of four dimensions.

This alternative gravitational approach operates under the
essential boundary condition of a zero Force 4-vector across
all four dimensions, signifying a universal four-dimensional
equilibrium. This fundamental requirement distinguishes it
from General Relativity, which fails to explain observed phe-
nomena such as the near-zero speed of light achieved by Lene
Hau's team. This theory's reliance on equilibrium and causal-
ity allows it to potentially address the light-stopping anomaly
by proposing that the interactions between fields and matter
result in a balanced state of zero net force under specific con-
ditions, something General Relativity cannot account for. Vegt
Wim (1995) [2] and Kaye Joel (April 2014) [5].

The divergence of the stress-energy tensor Tﬂv describes

electromagnetic force densities arising from electromagnetic
fields. Critically, in this framework, the divergence of the
stress-energy tensor for a single electromagnetic field acting
upon itself equals zero, signifying internal equilibrium. How-
ever, interactions between distinct electromagnetic fields re-
sult in a non-zero divergence, suggesting a force imbalance
that can lead to observable phenomena. This offers a potential
mechanism to explain light-matter interactions, like those ob-
served by Lene Hau's team slowing light to zero in BECs, a
phenomenon unexplained by General Relativity because it
contradicts its core tenet of a constant 'c.' This theory links
electromagnetic interactions with force imbalances in the fab-
ric of space.

The divergence of the gravitational tensor (V-J ﬂv) signi-

fies the gravitational force densities originating from gravita-
tional fields. Notably, in scenarios involving a single, self-act-
ing gravitational field, this divergence vanishes, indicating a
state of internal equilibrium. However, when considering the
interaction between two or more distinct gravitational fields,
the divergence is generally non-zero, implying a complex in-
terplay of forces. This distinction presents a potential avenue
for exploring gravitational phenomena beyond the scope of
General Relativity, particularly in the context of Beyond the
Standard Model (BSM) physics.

For instance, if gravity were mediated by a spin-2 particle
(the graviton), as predicted by many BSM theories such as
String Theory and Extra Dimensions, the non-zero divergence
could correspond to interactions with scalar fields (e.g., mod-
uli fields in String Theory) or other exotic particles beyond the
Standard Model which modifies the interaction strength. In
scenarios where Dark Matter interacts with ordinary matter
via a gravitational portal, the divergence of the gravitational
tensor could reveal signatures of this interaction, manifesting
as deviations from predicted gravitational force densities. Fur-
thermore, theories involving modified gravity, such as f(R)
gravity or Tensor-Vector-Scalar (TeVeS) gravity, the gravita-
tional tensor could incorporate additional terms that account
for the influence of scalar or vector fields, leading to a non-
zero divergence even in situations where General Relativity
would predict otherwise. These deviations, quantifiable
through precise measurements of gravitational force densities,
could provide experimental evidence for the existence of new
particles or fields beyond the Standard Model and shed light
on the nature of gravity in the context of high-energy physics
and cosmology.

Within this innovative framework, a compelling symmetry
emerges: the interactions among electric-electric, magnetic-
magnetic, and gravitational-gravitational fields exhibit a fun-
damental interchangeability. This implies that the gravita-
tional force density possesses a structural isomorphism with
its electromagnetic counterparts, hinting at a deeper, unified
description. Consequently, the three spatial components of the
Force-Density vector arising from the Electro-Magnetic-
Gravitational interaction can be expressed as equations 6.1
and 6.2. This symmetry is relevant to Beyond the Standard
Model (BSM) physics.

This interchangeability could be a manifestation of a more
fundamental principle, such as supersymmetry (SUSY),
which posits a symmetry between bosons (force carriers like
photons and gravitons) and fermions (matter particles). In
SUSY models, gravitational interactions may be linked to
electromagnetic interactions through the mediation of super
partners, suggesting a deeper underlying connection. The
shared structural characteristics of force densities could also
reflect the existence of extra spatial dimensions, as proposed
in String Theory and Kaluza-Klein theories. In these scenarios,
gravity and electromagnetism are unified at a higher-dimen-
sional level, and their apparent differences in 4-dimensional
spacetime arise from the compactification of these extra di-
mensions. This symmetry also has profound implications for
understanding the nature of dark matter and dark energy. This
could imply the existence of new particles that interact with
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both gravity and electromagnetism, providing a potential ex-
planation for the observed excess of dark matter. This could
provide novel pathways for experimentally probing BSM

physics and shed light on the fundamental nature of interac-
tions in the universe.

Intrinsic Equilibrium Electromagnetic-Gravitational Field Equation

e o (E, ? Hy — — — —
fan :-ciz% + gy En (V.Ep) —égEnx (VX Ep) +
6.1
+1g Ha (V. Hp) = g Hax (VX Hy) + 75 Ga (V. 0a) = 79 0ax (V X Ga) = 0 [N/m°]
Electromagnetic-Gravitational Coupling Field Equation
T 0 (Ey ? Hp o (Eg ? Hg — — — —
fAB:-CLZ% c%% + &y Ep (V.Eg) —69Eax (V x Eg) +
6.2

(6)

+,UOH_A(V~I_TB)_/UOH_AX(VXH_B) +7Oa(v-£)—7oa><(VX£)

&y v .E):pE Electric Charge Density [C/m?® ]

in which:

sy (V. H) = py Magnetic Flux Density [Vs/ m*] or [Wb/ m®]

70 V. 5) = pu Mass Density (Electromagnetic) [kg/ m®]

Electric Energy Density: Wi

Magnetic Energy Density: Wy

[ N R S R

Gravitational Energy Density: wg

In which E represents the electric field intensity expressed
in [V/m], H represents the magnetic field intensity expressed
in [A/m] and g represents the gravitational acceleration ex-
pressed in [m/s?]. The permittivity indicated as &, , the perme-

ability indicated as g, and the gravitational permeability of
vacuum as y, Vegt Wim (1995) [2], Gobbi Julio (2018) [7],

Vegt W. (1995) [11], Vegt W. (1995) [12], Vegt W. (1996) [13],
Vegt W. (2002) [8] and Vegt W. (26-Oct-2022) [4].

The initial term in equation (6) portrays the inertia inherent
in electromagnetic radiation. Additionally, the time derivative
of the Poynting vector is included to represent the inertia term
associated with the momentum of electromagnetic radiation.
Vegt Wim (26-Oct-2022) Equations: (6-11) [4].

The succeeding terms, two and three, denote the interaction
between electric fields. Subsequently, the fourth and fifth
terms represent the interaction of magnetic fields and the sixth
and seventh terms pertain to gravitational field interactions.

This new theoretical framework represents a significant de-
parture from conventional approaches in physics, particularly
in its treatment of gravity and electromagnetism. Instead of
relying on the traditional concept of fundamental particles, it

)

Hy

E2
H2

2

7o 9

proposes that observed "particles" are, in fact, field confine-
ments arising from the interplay of electromagnetic and grav-
itational forces. This shift in perspective demands a revised
mathematical framework to accurately describe these interac-
tions.

Central to this framework is a novel set of equations culmi-
nating in Equation (6), which encapsulates the combined di-
vergence and curl operators acting on the tripartite mutual
gravitational—electromagnetic force-density interactions that
couple mass-density and energy-density fields. Kerr, R.P. and
Schild, A. (2009) [6]. This equation provides a holistic view
of how these fundamental forces interact to create stable, lo-
calized configurations that manifest as what we perceive as
matter.

By describing the universe in terms of interconnected fields
rather than discrete particles, this theory offers a potential
pathway to resolving some of the long-standing inconsisten-
cies between General Relativity and Quantum Mechanics.
This field-based approach may provide a more accurate and
complete description of the fundamental building blocks of re-
ality.
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2. Changing of the Speed of Light in a
“Bose-Einstein Condensate by
“Electromagnetic Interaction”

Equation (7) elucidates electromagnetic radiation dynamics
within Bose-Einstein Condensates (BECs), offering a theoret-
ical basis for the dramatic reduction in light speed observed in
Lene Hau's experiments and confirmed since by others. At ul-
tra-cold temperatures, bosons condense, enabling macro-
scopic quantum phenomena, including the strong field inter-
actions described by the theory. These field interactions, as
modeled by Equation [7, 14-16] explain how light pulses en-
tering a BEC drastically slow down compared to their vacuum

F oo o (E x H)

1
- + &
2 ot 0

+y0ﬁ(V.ﬁ)—y0 ﬁx(VXﬁ)

Only those electromagnetic solutions derived from equa-
tions (6) or (7) correspond to physically realizable electromag-
netic configurations.

Equation (7) presents the only physically plausible, fully
calculated solution for understanding laser beam propagation
within a Bose-Einstein Condensate, where light speed is dras-
tically altered. The solution arises from the interaction be-
tween the electric fields of the laser beam and resonating
atomic dipoles at microkelvin temperatures, all oscillating co-
herently. The equation details this interaction as a conse-
quence of field-matter equilibrium, showing how light speed
decreases towards zero in close approximation to the experi-
ments. These calculations are detailed further in. Vegt W, Cal-
culation 8 (16 June 2024) [9] and Vegt W. (February 2025)
[10].

This solution describes the electromagnetic interaction
when a perfect equilibrium is achieved, meaning all electro-

magnetic force densities are zero in every direction at all times.

mi

velocity, consistent with Hau's findings. Furthermore, these
dynamics offer the potential to manipulate light with unprec-
edented control, potentially enabling microelectronic-scale
optical devices. Experimental simulations involving intersect-
ing beams representing resonating dipoles and an incoming
laser provide a visual representation of these dynamics (Figure
1), opening new avenues in quantum optics and material sci-
ence [17-19]. The field interactions modeled are now the only
solution there is and provides and calculation solution which
slows down light speed down to zero and in which the calcu-
lation corresponds in close approximation the experimental
outcome in micro kelvin.

(V.E) —gOEx(vXE) +
(N

2025 (5E2+yH2) =0 [N/m]

[20-22]. This state of equilibrium occurs between a laser pulse
f(z, t), which propagates with a speed of light (determined by
the factor Ap) along the z-direction, and a synchronized elec-
tromagnetic wavefront, represented by Cos(® t), confined
within a Bose-Einstein Condensate at low temperatures.

This particular solution defines the electromagnetic interac-
tion when a state of ideal equilibrium is present, meaning that
electromagnetic force densities are fully balanced, registering
zero in every direction constantly. This specific balanced con-
dition arises from a laser pulse f(z, t),, which propagates with
a (variable) speed of light which depends on the function
hi(or) and the frequency @r of the Laser beam (pulse). The
variable speed of light has been determined by the or. depend-
ent function h, (o, ) ©, along the z-direction, and a synchro-
nized electromagnetic wavefront, represented by Cos(wp t),

confined within a Bose-Einstein Condensate at low tempera-
tures.

(l+(1—e‘”L"*’R )mL){cos(th)mz (o )f [Mt— z]]

(1-e‘°L"“R )wl_

(1—6‘“““)R )mL

®)
J(1+(1.ewrwr< )coL)cos((th) - (h2 (o0 )h, (o ) (1€ )m,_)f[mt— ZJ

0


http://www.sciencepg.com/journal/ijhep

International Journal of High Energy Physics

http://www.sciencepg.com/journal/ijhep

S 1+(1_ewrwa) )cos( t) - (h (o)-hy( )(1_ewL—wR) )f (1—e’”L—wR)a)Lt_ )
Hy Ho ( Ay 2o " Jeo o
Hy | = ] PRSI )
. (1+(1—e ] R)a),_) cos(wpt)+h, (@) f ﬂt_ z
0

The interaction between the magnetic fields of the laser
beam and the resonating atomic dipoles is articulated in equa-
tion (9). Vegt Wim, Calculation 8 (16 June 2024) [9].

The variable velocity of light Vjighspeed (@) within a

Bose-Einstein Condensate, as influenced by electromagnetic
interaction, is contingent upon the function h; (or) and the
(resonant) frequency o of the incident Laser beam.

1

e (0

From the analysis delineated in equations (8) and (9), it be-
comes clear that the velocity of light associated with an inci-
dent laser beam can be substantially reduced, ultimately tend-
ing toward zero under certain conditions. The plot below is
presented on a scale where the frequency of the Laser Beam
has been presented in [MHz] to effectively visualize this phe-
nomenon.

-— W — O,
Vlightspeed ((DL) - (1—8 Lo )OJL

Figure 1. Deceleration of the phase and group velocities of light aris-
ing from electromagnetic interactions within a Bose—Einstein con-
densate: as the laser frequency approaches the atomic dipole reso-
nance at 4x10% [MHz], the propagation velocity diminishes progres-
sively toward zero. This behaviour is exhibited at temperatures in the
microkelvin regime.

From the analysis presented in equations (9) and (10), it be-
comes evident that the speed of light associated with an inci-
dent laser beam can be significantly diminished, ultimately
approaching zero under specific conditions presented in the
temperature range at micro Kelvin [pK].

\

Figure 2. Attenuation of the effective propagation speed of light aris-
ing from electromagnetic interactions within a Bose—Einstein con-
densate.

With decreasing temperature and with the laser frequency
approaching the atomic dipole resonance, the group velocity
monotonically diminishes, tending toward zero. The phenom-
enon has been computed and depicted for laser frequencies
centered on 5 [MHz], corresponding to the stated resonance
region near 4x10% [MHz].

The factor 1/ a denotes the "Coupling Factor," which quan-
tifies the interaction between two distinct fields: the electro-
magnetic field of the incident laser beam and the electromag-
netic field generated by the resonating dipoles associated with
the crystal atoms. At extremely low temperatures, the atomic
dipoles establish a uniform standing electromagnetic wave
within the x-y plane, as articulated in equations (9) and (10).

Furthermore, the refractive index of the Bose-Einstein Con-
densate (BEC) crystal is equivalent to the coupling factor.

1 1

c
v = a= (1-e“L~®R) gy, (11)

n=

Equations (8), (9) and (10) encapsulates the intricate inter-
action between matter and light under conditions of extremely
low temperature, specifically in the microkelvin range, within
a Bose-Einstein Condensate (BEC). In this unique state of
matter, where a significant fraction of bosons occupy the low-
est quantum state, the behaviors of matter and light exhibit re-
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markable quantum phenomena that warrant thorough investi-
gation [23-25].

3. Summary and Conclusions

This work introduces a novel theoretical framework re-eval-
uating gravity and light interaction, diverging from General
Relativity by addressing the challenge posed by variable light
speed observations, particularly within Bose-Einstein Conden-
sates. Central to this theory is the concept of 'Intrinsic Equilib-
rium," positing a dynamic interplay between gravitational and
electromagnetic fields. The Intrinsic Field Equation and Cou-
pling Field Equation are introduced to model these interactions,
offering an alternative explanation for phenomena where light
dramatically decelerates. Furthermore, this framework presents
a tensorial model conceptualizing black holes as Gravitational
Electromagnetic Confinements, shaped by electromagnetic gra-
dients and Lorentz transformations. The 'CURL' effect, incor-
porated within this model, enhances the explanatory power for
gravitational lensing, potentially resolving discrepancies with
General Relativity. Future experiments utilizing Galileo Satel-
lites and ground-based MASER frequency measurements are
proposed to test for deviations from General Relativity's predic-
tions, particularly concerning gravitational redshift. By inte-
grating the Stress-Energy Tensor and Gravitational Tensor, this
approach harmonizes gravitational and electromagnetic princi-
ples, suggesting dynamic natural constants that could redefine
the gravitational constant (G). This research elucidates the fun-
damental connection between light and gravity, paving the way
for transformative advancements in both optical and gravita-
tional sciences, offering a more comprehensive understanding
of the universe than afforded by General Relativity alone.
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