Bimetric models. When negative mass replaces both dark matter and dark energy.
Excellent agreement with observational data. Solving the problem of the primeval
antimatter. Description of the radiative era.
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"I'TICosmology today. Questions that remain unsolved.
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ICurrently, and we insist on this point of epistemology, no scientist doubts their
existence when it has not been possible to detect the presence of these particles of
primordial antimatter

1 - We will bring in this article a consistent answer to this problem, including the
explanation of this non-observation of primordial antimatter and describing
precisely the nature of its components.
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But while the energies used had largely reached and exceeded the required
thresholds, the existence of any of these superparticles could not be
demonstrated.
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But while this movement gave rise, for decades, to the publication of
innumerable articles in very high level journals, it proved incapable of producing
a model of anything that would lend itself to any kind of observation.!
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But today scientists cannot agree on both an inflationary scenario and a precise
inflaton model.
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K By reversing the problem one considered that instead of deducing the rotation
curves of measurements on the local density of dark matter it was decided to
deduce it from the shape of the curves..

- To date, in spite of the very large means implemented, no dark matter particles
have been detected in experiments conducted underground, sheltered from the
background noise constituted by cosmic rays, or in space, in detectors!

2!MIn this paper we will provide an alternative interpretation of the flatness of
the rotation curves in galaxies at periphery, showing how this new model allows
to reconstruct them accurately.!
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3 - In this paper we will provide an alternative interpretation of this
phenomenon of galaxy overspeed in clusters.
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While no direct observation or experiment (evidence of neutralino in particle
accelerators) has so far succeeded in highlighting these components of dark
matter, the scientific community considers their existence as an established fact,
undeniable insofar as their presence provides both the means to constitute these
gravitational lens effects in the vicinity of clusters and galaxies, and to account
for the kinematic anomalies found in the vicinity of these same objects.

4 - In this paper we will provide an alternative interpretation of the strong
gravitational lens effects in the vicinity of galaxies and clusters.
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Opting for a purely phenomenological description, the current main stream
model ACDM combines these two hypotheses:

K That of the supposed existence of a cold dark matter (animated at low speeds
with respect to c).

K That of the existence of this dark energy, phenomenologically taken into account
by the resurgence of the cosmological constant in the field equation.

g! ! The model we propose provides an interpretation of the phenomenon of
cosmic expansion acceleration which has been successfully compared with data
from 700 type Ia supernovae. It specifies which cosmic elements and components
are responsible for this phenomenon, unlike the model ACDM, which only
provides a purely phenomenological reading of the process.

Indeed, there is to date no model of dark energy, and no beginning of explanation
of this phenomenon apart from the phenomenology associated with the presence
of the cosmological constant, synonymous with vacuum energy.

h!' T As part of the team's work, one of the signatories of this paper, Nathalie
Debergh, showed in 2018 [8] that quantum mechanics could very well produce
negative energy states. !



There is no real explanation clearly justifying with a theoretical basis the
lacunar structure of the observed matter, except for numerical simulation results,
which show clusters and filaments.

\ Min this article we give the reason for the existence of such a lacunar structure.
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No theoretical modeling of this phenomenon has been published in a high-level
journal. At most, it has been suggested that the phenomenon could betray the
presence of a gap in a uniform distribution of dark matter, which was
tantamount to adding another hypothesis to a first hypothesis. There is no model
describing the formation of such a gap.

I - The model we propose provides an interpretation of this phenomenon,
implying the existence of a repulsive, unobservable cluster of negative matter at
the center of this cell. This situation explains in passing the low magnitude of
galaxies with strong redshift, considered in the literature as dwarf galaxies.

!
I2!T'A real paradigm shift.
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Let's introduce negative masses in the cosmological model.
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2!T'The runaway effect, a barrier against the introduction of negative masses.
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U(.$"Hfeodesic trajectories of control masses in the vicinity of a positive mass!
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KObjects with positive mass M > 0 attract indifferently the other masses, whether positive

or negative!
ID!'5&!0/?9>&!C400!;!/D!'5&!D(&6+!(0!1&.4'(B&)!'5&!054@&!/D!'5&!.&/+&'(>!"9441B&YD(&O0!
8<!'5&!>/1'9/6!C400&0)!J5&'5&9!@/0('(B&!/9!1&.4'(B&)!(0!05/31!1(11U(.¥B&!2

_W,,_____,@___u__.b

!
U(.$2Hfeodesic trajectories of control masses in the vicinity of a negative mass!

K Objects with positive mass M < 0 indifferently repel other masses, whether positive or
negative.!
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I TITwo attempts to introduce negative masses in Einstein's model
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Fig. 5. Plot of the circular velocity, v, as a function of radius, r, as
extracted from the N-body simulations. The rotation curves shown are:
(1) for a positive mass galaxy consisting of 5,000 particles (in black), and
(11) for an identical positive mass galaxy with identical initial conditions,
albeit now surrounded by an initially uniform distribution of 45,000
negative mass particles (in red). The rotation curves are plotted using a
moving average for each set of 50 particles — the means and standard
erTors in v, for these particles are indicated by the solid lines and the
shaded areas respectively. The rotation of the galaxy that consists of only
positive mass clearly drops off following a Keplerian curve. Nevertheless,
the galaxy with a negative mass halo has an essentially flat rotation curve
that is slowly rising out to large galactic radii.

Figure 4. Rotation curves from [13]
!

Cc!TIEmpirical approach, simulation results!

111'5&! C(+KL(1&'(&0! a2b)! 17C&I(>46! 0(C?64'(/10! J&I&! 20&+! /! &E @6/9&!'5&! 8&54B(/9! /D! 41
C(E'29&!/D! @/0('(B&! 418.4'(B&! C400&0)! 04'(0D<(L.!'5&! @9(1>(@6&! IORM(I1)! ($&S$!
4>>/9+(1.'"/'5<@/'5&'(>46!64J0H!

dce



- Masses of the same sign attract each other according to Newton's law.
- The masses of opposite signs repel each other according to "anti-Newton".
|
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For example, the text around the discussion of Hossenfelder’s work is so
confused that | cannot tell if the authors are criticizing that work or building
off it (or both).
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\ MBimetric theory with exchange symmetry.!!
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« We consider a bi-metric theory with metrics ! and h of Lorentzian signature

that define two different ways of measuring angles, distances and volumes on a
manifold M » .
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« We will further introduce two sorts of matter on M : one that moves according
to the usual metric! and the measures it implies, the other that moves according
to the other metric h. We will refer to these fields as g-fields and h-fields,

respectively. »
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K« In this formulation the introduced map" is a convenience and not a dynamic field ».
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K Thus, because of the presence of negative gravitational masses ...
I

-16("6&!D?9'5&9!/1)!1(110&>'WIIJ&!D(1+!'5&!'0&1'&1b&
!
- « We will assume that the field content for both, the g-fields and the h-fields, is

identical such that we have e.g. two copies of the Standard Model ».
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i IT'Confusing conclusions and a lack of elements that could be compared with the
observations in the 2008 article of S.Hossenfelder$

PO(1.I'5&!@5940&!D9/CI'5&!&+('/9(46!8/49+!H

IFor example, the text around the discussion of Hossenfelder’s work is so
confused that | cannot tell if the authors are criticizing that work or building
off it (or both).
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- « In the previous section we have studied the extension of GR in whose framework
sources with negative energy appears in the equations ».These additional h-fields

interact only with our standard matter, and thus couple only extremely weakly. »
I

L5&! @9/@/046! (0! @&IDE>'6<! >6849$! I' &1B(04.80!'5&! (1'9/+?>'(/1!/D! 41 1&.4'(B&! &18&9.<! >/1'&:
E=mc><0)!'520!>/9980@/1+(1.!'/'&6&C&1i@!< 0)!'58&9&D/9&! /D! 1&.4'(B&! CA00$! I' J/26+!
'589&D/9&!54B&! 8&&116/.(>46!"/! (1'9/+?>&!1 411 &0?466<! 1&.4'(B&! CA00pHBL1OB(0! 0'4.&!

/1&! (0! 6//F(1.14'1 5/J1'5&0&! C400&0m and m(1'&94>'$! [5(6&!'5(0! (0! 4! C4Y/9! &6&C&1' /D! '58&!

4@ @9/4>5!'5(0! (0! 1/'! (CC&+(4'&6<! 41+!>6849! dI5(>5!>411 8&! +/1&! (CC&+(4'&6<!'541F0!'/'5&!
3&J/1(41! 6(C'e$!L58&0&!410J&90!54B&!"/18&!D/?1+!(1!'5&!'&E'$!I 11 0BT YD& A4

|



| "\

KHp!G(1>&!(0!'Y?0'14!G>5J49Q0>(6+! C&'9(>!J('5! 1&.4'(B&! dse! 0/?9>&!/1&! 0&&! &$.$! 8<!
'4F(1.'5&!13&J'/1(41!6(C(''5&"! 4!5K@49'(>6&!1(66!8&!9& @ &B6&KB/?9>&1H !
!
[1!10&>"(/IVIIIJ& ID(1H!
!
- « We further investigated the spherical symmetric example with the source of usual
matter, and we found that the newly introduced particles would be repelled by this

source ».
|
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- « Since both kinds of matter repel, one would expect the amount of the h-matter in

our vicinity to presently be very small ».
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- « The model we laid out is purely classical. Nevertheless it is worthwhile to consider
the vacuum expectation value of the stress-energy tensor for quantum fields that are

coupled to the classical background. »
I

G5&!'5&9&D/9&!>/10(+&90!5&9!'9(46!40!'4!10(C@6&! C/+(D(>4'(/1!/D!'5&!0'41+49+! C/+&6$! L5?0!'5
@5&1/C&1/119&@9&0&1'&+!8<!'5(0!jI&4AF|!>/?@6(1.!//DHEEG+!J('5!'5&KD(&6+)!13/?6+!8&!4'!
'5&! /9(.(1! /D! '5(0! 1&.4'(B&! &1&9.<! /D! '5&! B4>?7C)! '941064'&+! 8<! BROE&AD>&! /D! '5&!
>/0C/6/.(>46!>/10'41"(1!V(10'&(1N0!&O?4'(/1$!S/10&0?&1'6<!05&! J('&0!!
!

- « We will assume that the field content for both, the g-field and the h-field, is

identical such that we wave e.g. two copies of the Standard Model ».
I
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- « If we consider the vacuum solution in the model with exchange symmetry however,

we expect a symmetry between both metrics. In the case with maximal number of

space-time symmetries, both would just be the Minkowski metric. We then have

h/ g=1 and the pull over are just identity. Since the matter content of both types of

fields is identical (...), this means that the source terms in equations (34) and (35)

cancel identically, ,no matter how large their values are. »
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- « Wether or not this solution is stable or would run away is the constants did not

exactly cancel requires further investigation. »
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« Since we now have only gravitationnally interacting density contribution that is
negative, and one further would hope for symmetry reason that both densities are of
the same order of magnitude (...) the total gravitating density can be smaller than the
observed one. Then the relative density fluctuations can be smaller than the observed

one ».
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- « Then the relative density fluctuations could be larger ».
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- « Besides this, both components of matter repel each other which is an effect usually
not present ».
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- « Another feature of the scenario becomes clear from the previously discussed
example of the Schwarzschild metric. If there was a localized source of negative
energy, it would act as a gravitational lens-but unlike usual matter this would be a
diverging lens since it would repel our (usual) photons. Such a lensing event would
typically lower the luminosity of the source, an effect that could potentially add up
over distance if the contribution of such sources is substantial. The detection of
diffractive lensing event could serve as a smoking gun for the here proposed

scenario ? ».
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| 'TAdaptation of the system of coupled field equations3!
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Hubble diagram compared with the two models (linear redshift scale) |
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« Since both kinds of matter repel, one would expect the amount of h-matter
in our vicinity to presently be very small ».
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T-symmetry reverses the energy and pulse, but not the spin.
|
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/291(10'97C&1'0!>411/'1 >4@'?9&1! (0! 4! 0(C@6&! &E'&10(/1!/D!;(1F/JOF(NO! .&/C&'9<! $! -0!
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Janus Model
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&68&>'9(>!>54H&
|

14"&9v41'(C4"&9! 0<CC&'9<! (0! .&/C&'I(>466<!'941064'&+! 8<! '5&! (1B&IM! '5&! D(D'5!
+(C&10(/1I¢ $! W&'1 20! 0'49'1 D9/C! U&<1CAL1INO! (+&4! 4>>/9+(1.!1'/1 J5(>5! 8<! 4@ @6<(1.! /! 4!
@49'(>6&!14!+/786&! (1B&I0(/1!/DI0@4>&!41+1'(C&)!(18&54B&0!6(F&!41141(C4"&9! @49'(>6&$)
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/I'5&!1(1B&90(/1!/D!&1&9.<!41+! C400$! LSO C&'9<! (01'54'1 J5(>5!>/99&0@/1+0!"/1'5&!
#4170! >/0C/6/.(>46! C/+&6$! A< 4++(1.! '5&! BAGRE&! 1J&! (10'466! '5&! +?46('<! /D!
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!
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I (0! /D! >/290&! (C@/00(86&! /! 5(.56(.5&0&! >/C@/1&1'0! (1+(B(+?466<)! &O@&>(466<! 0(1>&!
'5(0!1&.4'(B&!C400!(0!146C/0'1480&1'(1!'5&810/649!0<V'&C$
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'&>51(0?&0)! ('! J(66! 8&! @/00(86&! /1 '9<! '/1 +&'&>" 4'l '5&! >&1'ERFD&A' =8 @&66&9!
D/9C4'(/1!'5&! @9&08&1>&!/D4!>/1.6/C&9I4'&!/D!1&.4'(B&! C400)1J5(>5!1/?6+!'5&119&B&46! (‘0!
@980&1>&! 8<! 410(.1(D(>41" 4"&1?4'(/1! /D! '5&! C4.1("?+&! /D! '5&! +(0'41'l 0/29>&0$! ID! '5(0!
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L5&! >//6(1.1'(C&! /D! 4! @9/'/0'49! (1>9&40&0! J('5! (0! C400$! L5&0&! >/1.6/C&IA'&0)! I5(>5!
D/9C! 94@ (+6<! 4AD'&9! +&>/2@6(1.)! >41! 8&! >/C@49&+!"/! @9/'/0'490! /D! .(.41'(>! C400! J5/0&!
>//6(1.I'( C& &E>&&+0!'5&14.8&!/D!'5&!?1(B&IV&S! L5&<!49&!'520! 0@5&9/(+46!0&'0! C4+&! 7@
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C400&0)!'589&!(014A/C!584B(&9!'5411'5808$!L589&!149&!11/10'490)!1/!. 464E(&0)!1/! @641&'0

Life is absent from it.
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conjugated 1D-folds
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>5/(>&01>/1>&91(1.'5&!/@&94'/901%!41+ILID/9V'5&! (1B&I0(/1/DI0@4>&! 41+ (CE&S!I11/9+&9!/!
4B/(+1'5&1&C&9.&1>&!/D!1&.4'(B&!&1&9.<10'4'&0)!J5(>5149&!1>/10(+&9&+141@9(/9((C@/00(86&
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!
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K L!41'(6(1&49!41+14K{1('49<d--e !
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" g!TIOpening of a new research field in Quantum Mechanics ehh
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d\: 4elIIIIpEn "k p#tit$ 1 "p il il
id\: Sl X pT #i"$ ! p il il

8/'51&10?9(1.I'5&!(1B49(41>&!/D!dhle$!L5&!CAY/9!+(DD&I&1>&!(0!'54''5&10<CC&'9<!%L!6&4+
'5(01'(C&!"/141>541.&1/D10(.1!4''5&!6&B&6!/D!'5&1&184. (&0

L5&9&!(0'1/'5(1.I"'@9&B&1")! @5<0(>466<)!CA'5&C4'(>466<141+1D9/C! 4! @9/848(6(0'(>! @/(1'!/
B(&J)!"/! >/10(+&9!'5&08&! 1&.4'(B&! &1&9.<! 0'4'&0! 40! 6/1.1 40! '5&<! 49&! 400( 1B 4VBE!

C400$! ! ;/9&/B&9)! (1 &B&1! 0&&CO! '54' '5(0! 4++('(/146! @/00(8(6('<! (0! C/9&! 9(./9/?0! (D! J&!
0'(>F!'/1 C4'5&C4'(>0)! 0(1>&! (C@6<(1.!'54' L! (0! 6(1&49)! ("1 (0! (1! 4.9&&C&1' J('5! (‘0! 20?46!
9&46(Q4'(/11d>DHA201d2$:$"he)! @$!gi)! D/9ISEAHC @ 6&e

d\:e! M diag (1 1,1,1,1) !

"\e! Challenging the inflation model.

ID! J&! J41'1'/1 499(B&! 4'! 41 >/5898&1"1 >/0C/6/.(>46! C/+&6)! J&! 54B&! /! 1&./'(4'&) 466! '5&!
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2"e!An alternative interpretation of CMB fluctuations.
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22eThe problem of interstellar travel.
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Thus interstellar travel becomes non-impossible.
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The conclusion is that it is simply impossible to define

a gravitational potential in a uniform matter distribution.
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Calculation of the group's action on its space of moments.
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