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Abstract

The two great theories of physics, the theory t&#trndty and quantum theory, contradict each other
in the space-time description. However, these twattheories and some theories that are trying to
merge them are concordant that space-time no locgestitutes a simple inert screen on which
natural phenomena are projected. This unanimitylshencourage to explore more advantage the
fundamental properties of space-time. Also, on MHasis on the observations that quantum
mechanics shows that the electron seems to folleweral trajectories simultaneously and the
theory of relativity which shows that the trajegtaf a planet is very well defined, we postulate th
following principle:In a space-time, the smaller the mass of a particle is, the bigger the space-
time occupied by the particleis.

For example, if we consider three particles withatgrnal structure of sizes of an electron, aienn
ball and the planet earth, with this principlezah be stated that the electron particle occupme m
space-time than the tennis ball, which itself ocesipnore space-time than the planet earth particle.
This principle of space-time occupied raises a remad questions. An initial analysis shows that
the principle is compatible with the inertial maghge gravitational mass and de Broglie's
hypothesis. The agreement between the principle den@roglie’s hypothesis indicates that the
principle can be extended to particles of zero rdtezal mass. The question of the influence of
interactions (weak, strong, electromagnetism amgitational) on this principle remains central. If
these influences are proven and are of the sama ofdmagnitude, then they can constitute a

fundamental basis for a merger of these interastion



A first idea for a possible application of the miple may be to analyze the evolution of stars
especially that of the Sun or a black hole devauarstar. A preliminary analysis to the evolution
of the Sun provides some possible explanations thbySun’s corona temperature is much higher

than that of its surface layer (see annex).

Introduction

Space-time is the fundamental basis of Sciencet ey were the humanities and social
sciences (history, sociology, psychology ...) @& #xact sciences (mathematics, physics, chemistry
...). The phenomena or laws that locate or pretiese sciences are projected in space-time. The
latter is no doubt fundamental in physics that igtsithe external world and the laws of its variatio
and evolution in space and time. Specifically, ¢hare two great theories in physics: quantum
theory and the theory of relativity.

Quantum theory studies the behavior of elementanyigles and atoms, i.e. very small scale
phenomena [1] (Mehra & Rechenberg, 2002). The theafr relativity studies large scale
phenomena (planets, stars, galaxies...) [2] (Holes@ah 2010).

Although these two great theories have each beefirced by experimental studies, nevertheless,
they are not compatible. They contradict each oiinghe space-time description. The theory of
relativity considers a space-time continuum, iatmuous, smooth but deformable while quantum
theory predicts a space-time foam. This glaringlgitcadiction or incompatibility may legitimately
lead to think that these two theories cannot bathust. However, great theories as relativity and
guantum mechanics that on the one hand have relbeaeen verified by many measurements and
observations: [3-8] (Bohr 1913a; Bohr 1913b; Comp1®23; Aad et al. 2012; Chatrchyan et al.
2012; Bevan et al. 2014) for quantum theory andgP{Dyson et al. 1920; Pound & Rebka 1959;
Hulse & Taylor 1974; Abbott et al. 2016) for theafyrelativity. On the other hand, these theories

are at the base of the significant progress onhsei€for quantum theory: nuclear energy, Magnetic



Resonance Imaging, integrated circuit, laser... avdtlieory of relativity: Global Positioning
System, CRT screewjectricity generators...). Therefore, these theareas by no means be false,
at worst, they can only be insufficient as RuthetfBohr model, Galileo-Newton's mechanics and
special relativity have been before.

Nevertheless, the incompatibility between the thedrelativity and quantum mechanics must lead
to question on the conception of space-time ofele® theories. Also, our understanding of space-
time deserves to be better investigated. Tliis, is logically that some theories, Loop Quantum
Gravity and String Theory that are trying to meggeintum mechanics and the theory of relativity,
explore the conception of space-time. These the@iplore particularly the structure of space-
time: with Loop Quantum Gravity who tries to get df the time and, most importanthpat space
presents a discrete structure [13, 14] (Rovelli89Rovelli 2015). String Theory assumes the
existence of the multiple universes and includgekesslly more than 4 dimensions [15, 16] (Tong
2009; Greene 2000).

Almost all the theories (theory of relativity, ggam mechanics, loop quantum gravity, string
theory) are concordant that space-time no longesttates a simple inert screen on which natural
phenomena are projected. The unanimity shown lsethedels, on this property of space-time, is
experimentally highlighted within the scope of daliion of the general relativity [9, 12] (Dyson et
al. 1920; Abbott et al. 2016). This evidence shoseittourage to explore more advantage the
fundamental properties of space-time.

One of the primary questions, raised by the absbpr@nd emission of light by matter, is to
understand the process that gives a color to ahjdicis a fact that if an object appears of green
color, it is because the whole spectrum of visliglet is absorbed by the matter except for the gree
part which is reflected. So the color perceptionobfects is strictly virtual. And if the space
perception occupied by objects is also strictlyudl: i.e. between three particles without internal
structure of sizes of an electron, a tennis badl tre planet earth, which actually occupies more

space?



The main objective of this present paper is to ydagt a principle which defines the space-time
occupied by a particle as a function to its masss principle may appear as a property of space-

time.

Principle of space-time occupied

On the basis on the observations that quantum mashahows that the electron seems to
follow several trajectories simultaneously and theory of relativity which shows that the

trajectory of a planet is very well defined, we fptate the following principle:

« In a space-time, the smaller the mass of a particleis, the bigger the space-time occupied by the

particleis »

Example if we consider three particles without ing structure of sizes of an electron, a tennik ba
and the planet earth, respectively. With this pplecof space-time occupied, it can be stated that
the electron particle occupies more space-time thantennis ball, which itself occupies more
space-time than the planet earth particle.
This principle raises a number of questions:

v" The inverse function is of what type: proportior@)ynomial, exponential...?

v" How is the structure of this space-time occupiedjtia space-time with more than 4

dimensions, a space without time, a time withoatsp a zone without space-time...?

v" By which process the mass occupies the space-niteyy the support of a field...?

v Does this principle impose the conservation of anjity in the inertial reference systems?

v" What about particles with zero theoretical mass?

v Is it the inertial mass, gravitational mass or heoform of mass?

v This principle, is it compatible with the inertimlass and gravitational mass?



v How do interactions (weak, strong, electromagnetana gravitational) influence this

principle?

The question of the influence of interactions (westkong, electromagnetism and gravitational) on
this principle remains central. If these influenees proven and are of the same order of magnitude,
then they can constitute a fundamental basis foeer of these interactions. But the compatibility
between this principle and the inertial and grd\ataal masses remains the primary question to be

explored.

The principle of space-time occupied affirms tlnet $maller the mass of a particle, the bigger
the space-time occupied by the particle is. Assaltethe particles of very small mass, especily
the atomic and subatomic scale (elementary pastiGdoms...), occupy more space-time than
particles comparable to a material point (cartridgenis ball, star...).

It can be stated that, the space-time in whichatbenic and subatomic particles manifests itself, is
bigger than that in which the particles describgdabmaterial point manifests itself. So, it takes
more space-time to properly identify the atomic awutbatomic particles that it is necessary to
properly identify the particles described by a mategoint.

After all, as the space-time occupied by a partislan inverse function to its mass, on the one
hand, it is possible for a particle, with a veryadinmass, to occupy sufficient space-time for an
investigation on the particle depends, in wholéngpart, on the space-time occupied. On the other
hand, a particle can have enough mass to occupffieiently small space-time and be very well
localized. Thus, it can be assumed that an invesbig on the particle is independent, in wholeror i

part, of the space-time occupied.



Compatibility with the inertial mass

The inertial mass is a property of matter which riests itself by the bodies's inertia. In an
inertial movement of a particle case, if an invgaiion on the particle depends, in whole or in,part
on the space-time occupied, only a wave approatihallw to properly identify the space-time
occupied by the particle. This conclusion that sopvagticles behave as a wave, is in perfect
agreement with the experimental observations ardhboretical models which show that, in an
experiment where the energy of the particles isseored, the atomic and subatomic particles
(atoms, elementary particles ...) behave like waves

In the case where the particle can have enough tonagupy a space-time sufficiently small
and to be very well localized. Thus, at any mom#&,position of the particle can be determined in
an inertial movement case. Also, this conclusionnigerfect agreement with the experimental
observations and the theoretical models which stiaw particles described by a material point

have a trajectory well determined.

Compatibility with the gravitational mass

The gravitational mass is a property of matter Whinanifests itself by the universal
attraction of bodies.
General relativity states that the gravitation a a force but the manifestation of the curvature o
space-time. This curvature is due to the distrdutof energy, in the form of mass or kinetic
energy. The principle of space-time occupied stttasthe space-time occupied by a particle is an
inverse function to its mass. As a result, the aoamd subatomic particles manifests itself in a
large space-time and an investigation on theseiclemtdepends on this space-time. As a
consequence, the distribution of the atomic andaubic particles energy is more spatial, i.e. a
very low energy density, and therefore a lower atuxke. However, the material point particles

manifest itself in a very small space-time andvaedl localized. So, the distribution of the matéria



point particles energy is more concentric, i.e.eayvhigh energy density, and therefore a higher
curvature.

If we consider two particles of mass; and mp, with my greater thanm, (my > mp), the
principle states that the mass particte occupies more space-time tham. Assuming an
interaction betweemy andm, leadingmy to acquire an energy from thm, mass. And that the
interaction process occurs through an exchangenoédiator or interaction vector. This exchange
of energy results in a variation of massgsandm,. And appear as an interaction between two new
particles of masseasy + dm, andm, - dmp. With the principle, the particle of mass + dm, will
occupy a space-time smaller than thatref And the particle of mass, - dnm, occupies a space-
time greater than that of,. Also, the curvature of the space-time due torttassm, + dm is
stronger than that due toy. This variation of the curvature, i.e. an incregseurvature aroundy
+ dm, and a decrease in curvature aroumd dm, can accelerate the interaction between- dnm
andm, - dmp. And if the interaction between the particles cungs at the end there will remain
only a particle of massy + np, which will occupy a space-time smaller than ocedpoth masses

at the beginning. In addition, we have a much gfeorspace-time curvature aroumg+ m.

Compatibility with the de Broglie hypothesis

By identifying the velocity of the particle at tlygoup velocity of the wave, as well as their
energy, de Broglie proposes to associate to mafarticles a wavelength. This hypothesis leads to
a relation of proportionality between the momentund @ahe wave vector for a particle. The
equation shows that the wavelength will be greditdre mass is smaller. That is the smaller the
mass of the patrticle is, the larger the space iithwthe associated wave manifests itself is. Thus,
the principle of space-time occupied, which preglitiat: the smaller is the mass of a patrticle, the
bigger is the space-time occupied by the partidejn perfect agreement with de Broglie's
hypothesis. This agreement indicates that the ipteof space-time occupied can be extended to

particles of zero theoretical mass which one caadseciated a wavelength.



Possible application of the principle of space-timeccupied

The application of the principle of space-time qued is probably possible in cases where
the mass of the particle varies over time andurigtion is sufficient to influence the properties
the space-time.

A first idea to explore the principle may be to lgma the evolution of stars especially that of
the Sun or a black hole devouring a star. To thi$, e consider the Sun, black hole and star as
particles without internal structure.

The emission of light by the Sun is the result afeay complex process and, above all, leads to a
decrease in its mass. As the mass of the Sun desreaer time, the principle states that the space-
time occupied by the Sun increases over timethespace-time occupied by the Sun is expanding.
It will be interesting to explore if this expansiofthe space-time occupied have an influence on
the evolution of the Sun and particularly on theperature of its corona that exceeds one million
Kelvins, much hotter than that of its surface lafgbe photosphere) which is of the order of 6000 K
[17, 18] (Mcintosh et al. 2011; Amari et al. 201%his phenomenon is contrary to the second law
of thermodynamics.

In the case of the black hole devouring a starhaxe the mass of the black hole increases and that
of the star decreases. Thus, considering alonek btede, principle states that its space-time
occupied decreases over time. However, it statdsiie space-time occupied by the star increases
over time. This expansion is much greater thanctise where the star is not devoured and loses

mass than by emission of light.

Conclusion

A principle which defines the space-time occupigdalparticle as an inverse function to its
mass is postulated.
The predictions derived from this principle condéegn the behavior of inertial and

gravitational masses are in agreement with the rerpatal observations and the theoretical



models. They show above all that the principleampatible with the inertial mass, gravitational
mass and de Broglie's hypothesis.
The agreement between the principle and de Brediigothesis indicates that the principle can be
extended to particles of zero theoretical mass.

A possible application of the principle may be t@algze the evolution of stars especially that
of the Sun or a black hole devouring a star.

It can be concluded that, the principle that thecsgtime occupied by a particle is an inverse

function to its mass is an intrinsic propertieshedf space-time.

Annex

A possible explanation of the Sun’s corona temperate

The experimental measurements show that the Sondma temperature exceeds one million
Kelvins, much hotter than that of its surface lafgbe photosphere) which is of the order of 6000 K
[17, 18] (Mcintosh et al. 2011; Amari et al. 201%his phenomenon is contrary to the second law
of thermodynamics.

The emission of light by the Sun is the result eeay complex process and, above all, leads
to a decrease in its mass. The principle of spate-bccupied states that, in a space-time, the
smaller the mass of a patrticle is, the bigger thacs-time occupied by the particle is. If it is
assumed the Sun as particles without internal streicas the mass of the Sun decreases over time,
the principle states that the space-time occupyethé Sun increases over time: i.e. the space-time
occupied by the Sun is expanding. Itis assumeyl tiiee space-time occupied gain for the
Sun comes from, in whole or in part, directly af sturrounding space-time (the photosphere and the
corona). Also but above all, the loss in mass & 8un supplies energy and matter to the
photosphere and the corona. Thus, one can corthigiethe space-time of the photosphere and the

corona is in contraction in time.



The principle predicts that, on the one hand, fhecs-time occupied by the Sun is in expansion.
This expansion phase consumes energy, i.e. ofethpdrature. Some or all of this temperature is
withdrawn directly in the space-time of the extérager to that of the Sun, i.e. the photosphere
layer. On the other hand, the space-time occupyegphbtosphere and the corona is in contraction.
In this contraction phase, the interaction betwt#enspace-time parts is very strong and led to a
noticeable increase in the temperature. Howevertgimperature of the photosphere layer, which is
withdrawn by the space-time occupied by the Sulowvier than that of corona.

The application of the principle of space-time qued to analyze the evolution of the Sun of
its surrounding space-time (the photosphere andctirena) is a first idea to explore the
applicability of this principle. This applicatiorrqvides some possible explanations why the Sun’s
corona temperature can exceed one million Kelvimsgch hotter than that of its surface layer (the
photosphere) which is of the order of 6000 K [1&] @Mcintosh et al. 2011; Amari et al. 2015).

Thus, this application deserves to be thoroughifahds possible modeled.
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