arXiv:gr-qc/0610079 v5 16 Nov 2006

November 16, 2006 18:20

THE DARK SIDE OF GRAVITY

FREDERIC HENRY-COUANNIER CPPM, 163 Avenue De Luminy, Marseille 13009 France. henry@cppm.in2p3.fr

Modified sections in this version compared to the latest version are in red.

Adopting a non geometrical point of view, we are led to an alternative theory of the order two and symetric gravitational tensor field of GR. The field is no more interpreted as the metric of our space-time. The true metric is globally Minkowskian and describes a flat manifold, a context which justifies a genuine rehabilitation of the global discrete space-time symetries involved in the structure of the Lorentz group along with their ’problematic’ representations: the negative energy and tachyonic ones. It turns out that in flat space-time our gravitational field can appear in two discrete symmetry reversal conjugate forms, different but non independent symmetric order two tensors wich must be treated on the same footing in our actions. The discrete symmetry reversal invariant actions, equations and their conjugate solutions are obtained. The conjugate form generates a Dark Side of Gravity. Indeed, matter living there can only interact antigravitationally with matter in our side. We show that stability is granted. In this Dark Gravity theory (DG), where the PPN formalism breaksdown, the new Schwarzschild solution in vacuum only starts to differ from that of General Relativity at the Post-Post-Newtonian order. DG does not violate WEP and though it violates SEP, the theory passes all present tests of SEP. No horizon (no Black Hole) arises in the Schwarzschild solution. A discontinuity of the gravitational field is propagating in the solar system. Depending on its present position, new gravitomagnetic effects well within the accuracy of the Gravity Probe B experiment might be observed in place of the GR frame dragging one. A flat universe constantly accelerated expansion phase is obtained without resorting to inflation nor a cosmological constant and the Big-Bang singularity is avoided. The Pioneer anomalous blue-shift is a natural outcome. A spin zero longitudinal wave solution is obtained leading to the same binary pulsar decay rate as observed and predicted by GR. The context is also promising to help us elucidate several outstanding cosmological enigmas such as flat galactic rotation curves or the universe voids.

Keywords: Negative energy; time reversal, tachyon.

1. Introduction

In special relativity, it is a well known and obvious result that the energy, being the time component of a four-vector must flip its sign under time reversal. It was also soon recognised however that negative energy objects lead to untolerable instabilities in our theories and should be discarded. In a quantum framework this is easily done thanks to the complex conjugation involved in the antiunitary time reversal operator of our Quantum Field Theories which avoids the generation of negative energies under time reversal. In Ref. 6 we nevertheless wanted to come back on the less conventional mathematical option e.g. that the time reversal operator be unitary which not surprisingly reintroduces negative energy fields. We then noticed

2 F. Henry-Couannier

that, since there is no way to reverse a scalar field Hamiltonian sign under time reversal, it is impossible to reach a coherent description of unitary time reversal at least in a nongravitational framework.

We here propose a modified theory of gravity on flat space-time which extends, clarifies and explores in much more details some of our ideas already published in Ref. 55 to solve the issue at a classical level and show that it leads to a knew understanding of time reversal and by the way ’the problematic’ negative energy and tachyonic representations of the Lorentz group. The reader is referred to Ref. 6 for our detailed investigation of negative energies and time reversal restricted to non gravitational QFT. In the next section we only remind the main conclusions of this study. An interesting analysis can also be found in Ref. 8.

2. Negative Energies and Motivations for an Alternative Theory of Gravity

Let us gather the main information we learned from our investigation in Ref. 6 of negative energies in Relativistic QFT indicating that the correct theoretical framework for handling them should be a modified GR.

• TheoreticaI Motivations In second quantization, all relativistic field equations admit genuine negative energy field solutions creating and annihilating negative energy quanta. Unitary time reversal links these fields to the positive energy ones. The unitary choice, usual for all other symmetries in physics, also allows us to avoid the well known paradoxes associated with time reversal. Positive and negative energy fields vacuum divergences we encounter after second quantization are unsurprisingly found to be exactly opposite. The negative energy fields action must be maximised. However, there is no way to reach a coherent theory involving negative energies in a non-gravitational framework. Indeed, if positive and negative energy scalar fields are time reversal conjugate, also must be their Hamiltonian densities and actions. But for a scalar field, the Hamiltonian density is simply a sum of squarred terms so there is obviously no way to make it flip its sign under time reversal, at least in a non gravitational context. However, when gravity comes into the game, g_{μν} terms are expected in the Hamiltonian expression and their behaviour under time reversal might provide us with the solution to this issue. But the solution certainly cannot be found in GR because it is a geometric theory: global space-time symmetries and there associated Noether currents are lost and in particular, time reversal is no more the well defined symmetry it was in flat space-time. Therefore we must find a new non geometric theory of gravitation, (we shall name it Dark Gravity or DG) in order to hopefully rehabilitate negative energy objects.

• Phenomenological Motivations In a standalone mirror negative energy world which fields remain non cou-

The Dark Side of Gravity 3

pled to our world positive energy fields, stability is insured and the behaviour of matter and radiation is as usual. Hence, it is just a matter of convention to define each one as a positive or negative energy world as was already noticed by Linde. Otherwise, if the two worlds are allowed to interact, both signs of the energy being involved in this interaction, a promising new phenomenology can be expected. Indeed, many outstanding enigmas indicate that repelling gravity might play an important role in physics: flat galactic rotation curves, the flatness and acceleration (Ref. 40) of the universe, its voids...But negative energy particles never manifested themselves up to now in our detectors, suggesting that a barrier is at work preventing the two worlds to interact except through gravity. The DG theory framework will involve by construction such a barrier.

The concordant cosmological SM is of course successfull in its confrontation with as many precision observables as are the CMB, LSS, BAO and primordial elements abundances but this is at the price of simplicity since many added components and ideas of different kinds along with their free parameters enter into the game. These are dark energy, dark matter, inflation, some of them remaining badly understood and introducing new issues such as the fine tuning and coincidence problems. The impression that this construction is at least effective if not epicyclic has therefore recently motivated the research for alternative theories of gravity such as MOND (Ref. 34) and its relativistic extension TeVeS (Ref. 35). The motivation for DG is similar.

• A Modified GR to Circumvent the Main Issues A trivial cancellation between positive and negative vacuum divergences is not acceptable since the Casimir effect shows evidence for vacuum fluctuations. But in DG the positive and negative energy worlds will be maximally gravitationally coupled in such a way as to produce exact cancellations of vacuum energies gravitational effects only.

Also, a generic catastrophic instability issue arises whenever positive and negative energy fields are allowed to interact. Restricting the stability issue to the modified gravity of DG, we shall show why this disastrous scenario is avoided.

Finally, even neglecting the former instability issue, allowing both positive and negative energy virtual bosons to propagate an interaction simply makes it vanish. Because electromagnetic weak and strong interactions propagated by positive energy bosons will be isolated from the ones propagated by negative energy bosons, each being restricted to a different side of our gravitationnal barrier, the vanishing interaction issue remains a concern only for gravity in DG. However, the gravity interaction also will be treated very differently in DG than it is in GR so that this unpleasant feature, expected when gravitons of both energy signs can participate to the interaction, will also be avoided here.

4 F. Henry-Couannier

3. Theories of Gravity in Flat space-time

In the seventies, due to the increasing difficulties in trying to reach a coherent theory of quantum gravity, many theorists were led to the conviction that we might have to come back to a flat space-time theory of gravity and there has been many attempts along this line. After all, because geometric considerations play no role in the derivation of GR which only rests on the general covariance requirement, even if the gravitational field affects the space and time intervals we measure and even if it has the required mathematical properties to be considered as the genuine metric of our space-time, it remains possible to adopt a non geometrical viewpoint in GR. Indeed, we can still consider that the gravitational field has nothing to do with deformations of space-time wich remains flat with true metric the globally Minkowskian η_{μν} . But, as has been often pointed out, because η_{μν} is absent from GR equations, there is no way to observationally distinguish the geometrical from the non geometrical point of view so that this issue remains one of metaphysics in the case of GR.

However, taking serious the flat space-time metric η_{μν} makes it possible to build different kinds of alternative theories of gravity. The so called multimetric theories exploit the fact that g_{μν} , if it can still be a metric topologically defined on our spacetime is not considered as the metric of this space-time, the geometry defined by this metric having nothing to do with the geometrical properties of space-time. Then we are free to introduce as many fields of the g_{μν} type as we want on a manifold without having to make appeal to extra-manifolds or extra-dimensions. Following this line of thincking, Petit (2 with references therein) has built a bimetric theory which associate phenomenology is very similar to the one we shall derive in DG. See also a review in Ref. 4 and references therein. In Rosen’s (Ref. 29) approach, the true flat space-time metric η_{μν} is explicitely introduced in the action. This theory is reviewed by C.M Will Ref. 20 and found to be ruled out by tests of the Strong Equivalence Principle (SEP) due to its background dependence. Because generically all background dependent theories are in trouble with the very constraining tests of SEP, the flat space-time approach was progressively given up. DG is also a background dependent theory in flat space-time and it also violates SEP, however a better understanding of the nature of gravitational sources in our framework and the solutions we shall obtain will convince us that this violation should neiver arise in Local Lorentz Invariance (LLI) tests nor in Local Position Invariance (LPI) in space tests at least to PostNewtonian order. But tidal effects in space or time and LLI as well as LPI violation in space beyond the Post Newtonian order or LPI violation in time (Pioneer like effects) should eventually allow us to test DG against GR. 4. Conjugate Worlds Gravitational Coupling

Now let us settle down the basic principles of DG. As usual for any order two tensor, symetric and covariant gravitationnal field g_{μν} we define its inverse, the contravari-

The Dark Side of Gravity 5 ant ( g^{−1} )_{μν} but since g_{μν} is not understood to be the metric of space-time, the latter is a contravariant tensor g̃^{μν} but not the g^{μν} tensor one would obtain by raising the covariant field indices using the true metric η_{μν} . Though the Ricci scalar one builds from these two objects and their derivarives is of course left unchanged by the pure renaming of (g_{μν} )^{−1} into g̃^{μν} = η^{μρ}η^{νσ}g̃_{ρσ}, this rewriting reveals the existence of a second form of the field, still an order two symmetric tensor g̃_{μν} different but not independent from g_{μν} : this is g̃_{μν} = η_{μρ}η_{νσ} [ g^{−1} ]_{ρσ} = [η^{μρ}η^{νσ} g_{ρσ}]^{−1}. Thus the Janus gravitational field, like the Janus god, has two faces:g_{μν} and g̃_{μν} linked by a manifestly covariant and background dependent relation. As the following simple picture makes it obvious, the two forms play perfectly equivalent roles and should be treated on the same footing in our actions if we dont want to artificially destroy the basic symmetry under their permutation (moving vertically inverses the tensors, diagonaly raises or lowers their indices with η_{μν} ). [ g^{−1} ]_{μν} [ g̃^{−1} ]_{μν}

g_{μν} g̃_{μν} Symmetrising the roles of g_{μν} and g̃_{μν} is performed by simply adding to the usual GR action, the similar action built from g̃_{μν} and its inverse. Indeed, it is possible to have a connection compatible with g̃_{μν} as well and exploit the mathematical apparatus of GR to constrain the general coordinate scalar built out of this form and its derivatives, another Ricci scalar. The theory that follows is DG which is essentially the other option of a binary choice that must be done at the level of the conceptual fondations of a covariant theory of a symmetric order two tensor field: either the space-time is curved with metric g_{μν} and we get GR, or it is flat with metric η_{μν} and we get DG! GR actually just corresponds to the special case where g and η identify in which case, taking the inverse is equivalent to twice raising or lowering the indices with the space-time metric g_{μν} = η_{μν} . At last, even if we did not assume from the begining that η_{μν} is the metric of space-time, in presence of the latter and a gravitational field g_{μν} , we automatically have the g_{μν} and g̃_{μν} forms with perfectly symmetric roles to play. Both being minimally coupled to matter and radiation fields, hence determining measured space and time intervals, could a priori be considered as the genuine metric of our space-time. However they are incompatible (they describe a different geometry) and none of the two can be preferred so that it only remains η_{μν} to play the role of the space-time metric.

Since we are working on a globally flat space-time we will be free to use the flat space-time tools to build the Noether current associated with the global Poincarre invariance group and obtain a genuine energy momentum tensor which is not merely the GR energy-momentum pseudotensor. This was also Rosen’s initial motivation to prefer flat space-time and many others followed him in this way (see Ref. 38 39 and references therein). We can also rehabilitate global discrete symmetries which are

6 F. Henry-Couannier

now well defined in a flat space-time framework along with their associate negative energy and tachyonic representations. We anticipate that we will have the good surprise to notice that the two faces of our Janus field solutions will be related by obvious discrete space-time symmetries. For instance, the g_{μν} (t) and g̃_{μν} (−t) cosmological solutions will be found to be time reversal conjugate but also invariant under time reversal followed by the more unusual space-time exchange symmetry which reverses the field signature: g_{μν} (t) = −g̃_{μν} (−t)

Now let us try to deeper undertand the meaning of g_{μν} and g̃_{μν} . From Ref. 9 we learn that a discrete space-time symmetry, for instance time reversal, applying only to general coordinates has no special role to play since it just belongs to the wide class of general coordinate transformations, and thus does not affect a scalar action. However, if the locally inertial coordinates ξ^α(x^μ) also jump in a non-trivial way to another set of locally inertial coordinates ξ̃^α(x^μ) at each space-time point:

ξ^α(x^μ) → ξ̃^α(x^μ), (1)

our action is not invariant anymore. Having two conjugate locally inertial coordinate systems at each space-time point, following the usual procedure, we of course have the associate two discrete symmetry reversal conjugate metric tensors: g_{μν} = η_{αβ} ∂ξ^α ∂x^μ ∂ξ^β ∂x^ν , g̃_{μν} = η_{αβ} ∂ξ̃^α ∂x^μ ∂ξ̃^β ∂x^ν . (2)

where the locally Minkowskian form of the fields, η_{αβ} = diag(−1, +1, +1, +1) here has nothing to do with our global flat space-time metric of course. Then, we have to distinguish between those fields coupling to g̃_{μν} and the others, coupling to g_{μν} . Matter and radiation fields of two mirror standard models respectively living in the two different forms of the gravity field never meet since they do not couple to each other. However, the relation between the conjugate forms allows these matter fields to interact antigravitationally since the curvature of one form will induce a conjugate opposite curvature of the other form still over our flat space-time. But DG not only has two sectors, one of which being made of dark repelling matter from our side point of view. The introduction of an additional Einstein Hilbert action for the conjugate form also modifies the geometric side of Einstein equation after eliminating g̃_{μν} . But this will have only PostPostNewtonian consequences, only non negligible in the cosmological and strong gravity domains. It was shown by Straumann in Ref. 25 that the building of a spin two h_{μν} field theory over flat space-time automatically leads to identify a metric field and that its action turns out to be nothing but the Einstein-Hilbert action of GR. It follows that GR is the only theory of such spin two field perturbation over flat space-time, an argument which has been used to deny the validity of DG. The evidence that our action is eventually not the GR action after eliminating g̃_{μν} simply tells us that DG is in no way the spin two theory over flat space-time Straumann started from. The deep reason why it is not is the gauge invariance requirement of the Straumann spin two theory, which is not meaningful in DG since it is not the general covariant

The Dark Side of Gravity 7

theory of a single field, but of two separate fields g_{μν} and η_{μν} . Thus DG is not invariant under a general coordinate transformation that only applies to g_{μν} and not separately to η_{μν} , such general coordinate invariance condition being the one that usually translates into the gauge invariance requirement for h_{μν} entering in g_{μν} = η_{μν} + h_{μν} . For completeness we mention that it was recognised (see Ref. 38 and references therein) that it is also possible to obtain new theories besides GR such as ’slightly bimetric theories’, slightly because only the determinant of η_{μν} enters the equation and bimetric because the whole of η_{μν} is present somewhere in the theory, by treating differently the trace and traceless part of η_{μν} . S. Hossenfelder (Ref. 43) has also recently initiated a study of anti-gravitation following probably the closest approach to the one followed here as far as we know.

By the way, having lost the usual gauge invariance of gravity also puts under question a pilar of quantum field theory: the gauge invariance of the electromagnetic field and the physical significance of its electromagnetic potential. After all, the Aharonov Bohm quantum effect is only a proof of the physical significance of the electromagnetic potential vector provided we are not ready to take serious the non local effect of the magnetic field in Ref. 30, which in a quantum context is certainly questionable. Even more serious doubts should be raised by the technical difficulties encountered (Ref. 31) when trying to keep the potential its fundamental character in presence of a magnetic monopole as noticed by Carroll in his course (Ref. 32).

We first concentrate on the purely gravitational action in vacuum and proceed in several steps: In step one we build the action sum of usual I_G and the conjugate one Ĩ_G built in the same way from g̃_{μν} . The conjugate actions are separately general coordinate scalars and adding the two pieces is necessary to obtain a discrete symmetry reversal invariant total action. In step two, space-time isometries and discrete symetries allow us to freeze various degrees of freedom and a priori identify only two possible relations linking the matrix elements of the conjugate forms in the cordinate system where η_{μν} reads diag(−1, +1, +1, +1). Being able to determine this frame is actually not important as long as, in the same way as in any general covariant theory, we are only interested in obtaining equations between observables which are frame independent. But we shall explain when we come to cosmology how this particular frame can actually be observationally determined through the fundamental length scale it defines.

In this system, the matrix elements of g̃_{μν} are simply the inverse of the g_{μν} matrix elements. In step three, we vary together the unfrozen conjugate matrix elements, eliminate g̃_{μν} thanks to the relation that links it to its conjugate g_{μν} and apply the extremum action principle to finally obtain our modified Einstein equation. In step four, we solve it and discuss our conjugate solutions in terms of discrete space-time symmetries. Exploring the phenomenological consequences of DG, we understand why those particles living in the conjugate world are seen from our world as negative mass particles. However it is already clear why the gravitational barrier involved in DG explains the non detection of these particles and isolates the stability issue in the gravitational sector.

8 F. Henry-Couannier

5. Isotropy and Space/Time Symmetries

We first a priori constrain the form of our g̃_{μν} and g_{μν} in the coordinate system where η_{μν} = diag(−1, +1, +1, +1). This is not equivalent to the imposition of isometry conditions to determine the form of the metric as in GR. In GR, isometries which can be expressed in the covariant language of Killing vectors allow to identify a particular coordinate system defined by isometries of the source where a matrix relation is satisfied by the metric, for instance g_{μν} = diag(B, A, A, A) in cartesian coordinates. The fact that this relation is only a matrix one and that no effort is done to make it covariant is not a concern. In the same way in DG, we first impose a matrix relation to g_{μν} in the coordinate system where η_{μν} = diag(−1, +1, +1, +1) without trying to make it covariant since we find no necessity for that. Indeed we shall never need to know the correct actual general covariant expression that reduces to our matrix equality in the system where η_{μν} = diag(−1, +1, +1, +1) since we will keep working exclusively in this frame until our equations are solved for their tensor solutions which subsequently can easily be exported in whatever coordinate system we want. But let us stress the main differences between the procedures used in GR and DG:

• The procedure used in DG is in general completely independent of the isometries of our sources configuration: a very strange feature which is only meaningfull and tenable in the context of a theory having a background that can be exploited to define the preferred coordinate systems where the matrix relation is satisfied. As a consequence, even in a completely anisotropic source configuration and whatever their motions relative to each other and relative to our frame we shall impose a diagonal form and g_{xx} = g_{yy} = g_{zz} to our fields in this frame where η_{μν} = diag(−1, +1, +1, +1). Quite surprisingly, we will show that the predictions of DG still agree with observations whatever the sources configuration.

• We shall make an actual appeal to isometries only in the special case of cosmology where we further require that both g̃_{μν} and g_{μν} should be homogeneous and isotropic. In all other cases, we only require that g̃_{μν} and g_{μν} should share the same isometries, again independent of the sources configuration in our frame. For instance, this excludes that the DG frame where η_{μν} = diag(−1, +1, +1, +1) be also the Standard one usually used to derive the Schwarzschild solution in GR since the inverse of a matrix element such as g_{ϕϕ} = rA(r)sin(θ) is obviously not an acceptable g̃_{ϕϕ} =^1_{A(r).r.sin(θ)} matrix element for g̃_{μν} to be as isotropic as g_{μν} might be. Only the cartesian form is a priori allowed.

• The procedure efficiently reduces the number of degrees of freedom of g̃_{μν} and g_{μν} which is much a stronger constraint than in GR. Indeed, the off diagonal elements will not be varied at all (frozen to zero before varying the action) and the other elements will not be varied independently. Arguments against the freezing of fields elements before varying the actions have been

The Dark Side of Gravity 9

given by D.Deser and J.Franklin in Ref. 26 It is argued that in electromagnetism, isotropy a priori imposes that the magnetic field vanishes, however using this to freeze the magnetic field degrees of freedom before varying the action, one looses a fundamental equation which is the electromagnetism equivalent of the Birkhov theorem: the vanishing of fields time derivatives in a spherically symmetric context. However this argument is only tenable provided there is no fundamental monopole in nature, since in presence of a monopole, B does not vanish and thus there is no reason to freeze it. But the inexistence of the monopole is certainly an a priori dangerous assumption so far. Moreover, our freezing of degrees of freedom does not follow from isometry requirements here as we have stressed. Ref. 26 also reminds us that freezing the off diagonal terms a priori in GR, one looses a fundamental equation from which the Birkhov theorem is derived. Since there is no fundamental reason for the Birkhov theorem to remain valid in DG (no need to protect this theory against radiation of scalar modes by an isotropically breathing source for instance) we simply give it up in DG.

• The isotropic form requirement which in DG only means g_{xx} = g_{yy} = g_{zz} (the same for the conjugate form) will be extended to space-time in the frame where η_{μν} = diag(−1, +1, +1, +1) by imposing a relation between the latter space-space and the time-time matrix element g_{tt} allowing to further reduce the number of independent elements to a single one. Then the equations of gravity reduce to a single one since there only remains a single degree of freedom to be varied.

With the cartesian isotropic form condition for both forms

dτ^2 = Bdt^2 + Adσ^2, dτ̃^2 = 1 B dt^2 + 1 A dσ^2. (3)

where dσ^2 = dx^2 +dy^2 +dz^2, we are left with the only two degrees of freedom A and B. As anounced ealier, let us further reduce the number of degrees of freedom to only one by requiring space-space and time-time elements to enter in a symmetric way in the field. Indeed, the space/time symmetry reversing the signature provides a natural link between the tachyonic Lorentz group representation and the other ones (Ref. 19). This leads us to introduce the flipped signature conjugate form: ĝ_{μν} = −g_{μν} . More generally, it is tempting to allow our fields to be complex, the phases corresponding to a U(1) symmetry continuously transforming into one another the conjugate forms. Starting from an extended complex framework is usefull at least to derive the deep reasons why eventually the forms entering in our actions will belong to a restricted class of Minkowskian, though purely imaginary fields, in which restricted case it is safe to define and work as usual with the affine connections compatible with the fields and all familiar GR tensors. The trivial B=A=C Euclidian form manifestly involves time and space coordinates in a symmetrical way, whatever C(r,t) in dτ^2 = C ( dt^2 + dσ^2 ) . But in general we really need the inverse form to exchange the role of our two form elements and restore in this way a kind of

10 F. Henry-Couannier

symmetry between space and time. Indeed, the most general expression being

dτ^2 = C ( 1 A dt^2 + Adσ^2 ) , dτ̃^2 = 1 C ( Adt^2 + 1 A dσ^2 ) . (4)

only the presence of C breaks down the space / time symmetry so that the symmetry is insured provided this term is absent in which case the conjugate forms verify A = B^{−1}. However, in the special case where A is a pure phase with angle: θ = π/2 it is possible to keep the C term, exchange the role of our two conjugate forms elements and restore again the space/time symmetry thanks to the introduction of the opposite conjugate form ĝ_{μν} = −g_{μν} . Then we have four conjugate forms g_{μν} , g̃_{μν} = η_{μρ}η_{νσ} ( g^{−1} )_{ρσ} , ĝ_{μν} = −g_{μν} , ^̃g_{μν} = ^̃g_{μν} to hopefully describe conjugate positive/negative energy worlds as well as tachyonic/bradyonic worlds. Explicitly:

dτ^2 = C [ dt^2 − dσ^2 ] , dτ̃^2 =^1_C [ dt^2 − dσ^2 ] dτ̂^2 = C [ dσ^2 − dt^2 ] , d^̃τ^2 =^1_C [ dσ^2 − dt^2 ] Thus, our new symmetry principles allow us to accept only two kinds of complex forms: the imaginary B=1/A and B=-A forms. We can even understand the generation of such forms starting from a primordial trivial and most symmetric form of the kind B=A=1 which does not require us to introduce any other conjugate form to recover the space-time symmetry. Then a continuous spontaneous, π/2 phase rotation of the form B=1/A, corresponding to a U(1) symmetry will transform this euclidian form into a couple of space/time conjugate imaginary opposite Minkowskian forms such that B = 1/A = −A = ±i: This one is striking as a common starting point for the subsequent dynamical (non spontaneous) evolution of the B=1/A and/or B=-A purely imaginary Minkowskian fields. By the trick dτ → idτ we recover the familiar equivalent real Minkowskian fields of the form B=-A and B=-1/A in our actions. We shall do so but have to keep in mind that actually our fields are imaginary to later fully interpret the symmetries of our solutions.

6. The Conjugate Fields and their Variations

In the following sections we require that either the real Minkowskian field elements are a priori linked by A = −B or A = −B^{−1} so that a single degree of freedom eventually remains and we investigate the form of its solution in each case. The elements being related can no longer be varied independently. Therefore, given any tensor R_{μν} and for real elements making use of^{δgi′ i′}_{δgii} =^{gi′ i′}_{gii} and^{δgtt}_{δgii} =^{gtt}_{gii} in case B=-A, a typical action variation will be proportional to a trace: δg^{rr}R_{rr} + δg^{tt}R_{tt} + δg^{θθ}R_{θθ} + δg^{ϕϕ}R_{ϕϕ} = δg^{rr} g^{rr} R while in case B=-1/A,^{δgi′ i′}_{δgii} =^{gi′ i′}_{gii} and^{δgtt}_{δgii} = −^{gtt}_{gii} and the additional minus sign gives us a ’modified trace:’ R_{B=−1/A} = g^{rr}R_{rr} + g^{θθ}R_{θθ} + g^{ϕϕ}R_{ϕϕ} − g^{tt}R_{tt}

The Dark Side of Gravity 11

We also need the relation between the relative variations of the inverse conjugate forms needed to obtain the gravitational equation in term of the components of a single form of the field:^{δg̃xx}_{g̃xx} = −^{δgxx}_{gxx} Recall that the opposite ĝ_{μν} and ^̃g_{μν} and their associate actions are also needed for B=-A. However, it will turn out that it is not necessary to involve explicitely these actions since our solutions will always satisfy ^̃g_{μν} (−t) = g_{μν} (t) ( for imaginary terms ) which makes the actions involving ĝ_{μν} and ^̃g_{μν} equivalent to the actions involving g_{μν} and g̃_{μν} respectively. It will be quite impressive to check on our cosmological solutions that ^̃g_{μν} (−t) = g_{μν} (t) meaning that in case of the time dependent backgroung the field is a genuine scalar under time reversal followed by space-time exchange and that the conjugate forms identify. The equation in vacuum follows from √ gR − 1 √ g R_{g→1/g} = 0 where for B=-A, R is the familiar Ricci scalar while for B=-1/A, it has to be replaced by the modified R_{B=−1/A}

7. The DG Fundamental Equations We start from the rewritten propertime

dτ^2 = −Bdt^2 + Adσ^2

so that our previous section conditions: B=-1/A and B=-A translate into B=1/A, B=A. The reader should not worry if in the following sections we alternatively adopt the B=-1/A;B=-A or B=1/A; B=A redefinitions. We can perform the computation in the more convenient and usual polar coordinates, since with the isotropic form the A and B entering in the field elements are the same in cartesian and polar ones. But we remind the reader that only B and A get reversed when passing from g_{μν} to g̃_{μν} of course. Moreover this convenient polar coordinate system may be defined with respect to an arbitrary origin since our field does not privilege any center of isotropy. We find for the Ricci tensor elements:

R_{rr} =^{A′′}_A +^{B′′}_{2B} −^{B′2}_{4B2} − (_{A′} A )_2

+^{A′}_{Ar} −^1_4^{A′}_A (_{B′} B ) + ( −^1_2^Ä_B −^1_4^Ȧ_B (_Ȧ A −^Ḃ )) R_{θθ} =^3_2^{A′r}_A +^{A′′ r2}_{2A} −^{A′2 r2}_{4A2} +^1_2^{B′}_B (_{A′ r2} 2A + r ) + ( −^1_2^Ä_B −^1_4^Ȧ_B (_Ȧ A −^Ḃ )) r^2 R_{ϕϕ} = sin^2 θR_{θθ} R_{tt} = −^1_2^{B′′}_A −^1_4^{B′A′}_{A2} +^1_4^{B′2}_{BA} −^1_A^{B′}_r +^3_2 (_Ä A −^1_2^Ȧ^Ȧ −^1_2^Ḃ^Ȧ ) The sum of variations when B=A involves the Ricci scalar:

R_{B=A} = 1 A ( 2 A^{′′} A + B^{′′} B − B^{′2} 2B^2 − 3 2 ( A^′ A )_2 + 4 A^′ Ar + 2 B^′ Br + 1 2 A^′ A ( B^′ B )) + 3 B ( − Ä A + 1 2 Ȧ A ( Ḃ B ))

12 F. Henry-Couannier or R_{B=A} = ( 3 A^{′′} A^2 − 3 2A ( A^′ A )_2 + 6 A^′ A^2r ) + 3 A − Ä A + 1 2 ( Ȧ A )_2

while for B=1/A, we get the non scalar R_{B=1/A}: R_{B=1/A} = 1 A ( 2 A^{′′} A − 3 2 ( A^′ A )_2 + 4 A^′ Ar ) − 3 2B ( Ȧ A )_2

The equation in vacuum when B=A follows from √ gR − 1 √ g R_{g→1/g} = 0 giving: 3A ( A^{′′} A −^1_2 (_{A′} A )_2

+ 2^{A′}_{Ar} −^Ä +^1_2 (_Ȧ A )_2)

−3^1_A ( −^{A′′}_A +^3_2 (_{A′} A )_2 − 2^{A′}_{Ar} +^Ä −^3_2 (_Ȧ A )_2) = 0 The background A(t) satisfies : A ( − Ä A + 1 2 Ȧ A ( Ȧ A )) − 1 A Ä A − 3 2 ( Ȧ A )_2 = 0

admitting both a time dependent as well as a stationary background solution and their small perturbation solutions.

For B=1/A, the equation in vacuum follows from √ gR_{B=1/A} − 1 √ g R_{B=1/A,g→1/g} = 0 giving: ( 4 A^{′′} A − 4 ( A^′ A )_2 + 8 A^′ Ar ) + 3 2 ( B^2 − 1 B^2 ) (˙ A A )_2 = 0

8. Russian Dolls Actions In the previous section we have derived the equations of two theories which cohabit in flat space-time: These are the B=-A theory and the B=-1/A theory. There is however a straightforward extention of this framework that will make the junction between the two theories. We considered up to now that η_{μν} is the non dynamical flat space-time metric between the two conjugate forms of g. We enlarge the framework if we can replace η_{μν} by a field f_{μν} which is no more the metric of space-time but still plays the role of an external field in the g_{μν} action, this field dynamics having been determined from another action. This opens the perspective of Russian dolls

The Dark Side of Gravity 13

like actions and multiverses. We of course can have as many conjugate fields as we want in our theory as long as there is still only one genuine metric of space-time. Starting from η_{μν} playing the role of a background field for the [g^1]_{μν} field (and its conjugate) action, we determine this field. In turn, [g^1]_{μν} can play the role of the background external field for another [g^2]_{μν} (and its conjugate) action and we can proceed in this way up to [g^n]_{μν} . If [g^i]_{μν} is a B=-A field and [g^{i+1}]_{μν} a B=-1/A field, a bridge is established between the two theories.

It only remains to notice that the fundamental relation linking two conjugate forms through their background can be put in a more symmetric form: g̃^ν_μ = ( g^{−1} )_ν μ Building the equivalent of a Ricci scalar based on the mixed tensor g̃^ν_μ and the conjugate one based on g^ν_μ, we eventually get the same equations above except that now, elements of g^ν_μ = [g^{i+1}]_{μσ} [g^i]^{σν} are expressed in terms of elements of [g^{i+1}]_{μν} normalised by its background elements [g^i]_{μν} . Then, if [g^{i+1}]_{μν} is the total field to which matter and radiation will be minimally coupled and which elements include background and perturbation, as for instance the element [g^{i+1}]_{00} = B_{BG}(t)B(r, t), where B_{BG}(t) and B(r, t) stand for the background and perturbation parts respectively, [g^i]_{μν} is the pure background field such that [g^i]_{00} = B_{BG}(t) , and the normalised g^ν_μ therefore isolates the perturbation B(r,t) only for which the equation can be solved.

We shall therefore proceed in several steps to obtain the total field to which matter and radiation fields actually couple.

• The root action we build involves the cosmological field B(t)=-A(t) conjugate forms linked through the true metric η_{μν} . We solve for it. This cosmological action has no source, i.e the evolution of the universe is completely driven by the self interaction (between the conjugate forms) of the cosmological field.

• The second action we build involves the perturbation B(r,t)=-A(r,t) conjugate forms above the previously determined background. The solution will be Waves different from GR ones but as successfull as the latter to describe the decay of the binary pulsar.

• The third action involves the B(t)=-1/A(t) conjugate forms field above the B(t)=-A(t) background again. This yields a new background that will account for the Pioneer anomaly: an SEP violating effect. This action also has no source term.

• The fourth and last action isolates the purely stationary perturbation B(r)=-1/A(r) conjugate forms above the previously determined Pioneer background: this will describe the Schwarzschild gravity of DG. This action has a mass scalar field non dynamical source action to be introduced in the following section.

The framework can be further extended in a fascinating way to produce as many Russian Dolls multiverses as we want.

At last, we obtain the total gravitational field including two backgrounds and

14 F. Henry-Couannier

two perturbations. This field in turn is minimally coupled to matter and radiation fields in a source action which is added to the second action of the above list. In the total action obtained at this second level, only the waves part of g_{μν} and the matter and radiation fields are dynamical. Thus, this action as in GR can describe how matter and radiation fields will exchange energy with the gravitational waves, in the spectator background made of the cosmological and Pioneer solutions plus the schwarzschild gravitational field.

9. B=1/A, The New Schwarzschild Solution

We obtained the following equation in vacuum: 4 A^{′′} A − 4 ( A^′ A )_2 + 8 A^′ Ar − 3 2 (B^2 − 1 B^2 ) ( Ȧ A )_2 = 0 This equation is the one that follows from the third action of the previous section. Thus elements of g^ν_μ only stand for a global B(t)=-1/A(t) time dependent background normalised by the previously determined cosmological solution of the C=B=-A type (see previous section and actual computation of the B=-A cosmological solution in a forthcoming one), so the elements of g^ν_μ read BC and AC, with B=1/A. Because C stands for an external field, varying B=1/A elements starting from the action involving the mixed tensor field leads to the same above equation where we should replace A, B by AC, BC respectively. For only time dependent elements, the equation reduces to ((BC)^2 −^1_{(BC)2} )d(AC)/dt = 0. i.e either -1/B=A=C or -1/A=B=C. The two possible solutions for the B=-1/A field are thus completely determined by the cosmological B=-A field. The two solutions are a priori equivalent from the point of view of our differential equation, but we expect spontaneous transitions from one to the other if this can lead to a more stable configuration of the total field. This will be studied in a forthcoming section.

Then let us consider the equation for the B=-1/A perturbation only following from action number four. Requiring the scale invariance of this local gravitational theory, time derivatives of the perturbation must vanish. The equation then simplifies to 4 A^{′′} A − 4 ( A^′ A )_2 + 8 A^′ Ar = 0 Redefining A(r) = e^{a(r)} we then get Δa(r) = 0 and the unique static solution in case the source is a point mass M:

A = e^{2M Gr} ≈ 1+2 MG r +2 M^2G^2 r^2 , B = 1 A = e^{− 2M Gr} ≈ 1−2 MG r +2 M^2G^2 r^2 − 4 3 M^3G^3 r^3

.(5)

different from the GR one though in good agreement up to Post-Newtonian order. No coordinate singularity arises in our frame and it is straightforward to check that this Schwarzschild solution involves no horizon. The conjugate forms can be

The Dark Side of Gravity 15

transformed into one another through r → −r or M → −M. Of course, this interpretation requires r to be defined as r = ± √ x^2 + y^2 + z^2 depending on the form we are living in. Thus, it is tempting to say that time reversal reverses mass and that this is equivalent to space reversal r → −r. In a forthcoming section we show that the time reversal of waves does not actually generate negative energy waves but rather the more familiar antiwaves understood as negative energies going backward intime. At the contrary, M entering in our solution here really flips it sign under time reversal. Thus M behaves rather like a mass (a Lorentz scalar) than an energy.

• Stability

The equation does not admit any wave solution. So the solution is instantaneous in our frame and there is no force carrier. Thus the usual instability issues are avoided: no coupling between objects having different signs of the energy since there is no propagator. The phenomenology is simple: masses living in the same form attract each other. Masses living in different forms repel each other, as if the mass living in the conjugate form contributes as a negative mass source from the point of view of our side. This is the same stable phenomenology as in the bimetric theory of JP Petit (Ref. 1 and 2 with references therein). This phenomenological stability is interesting to notice. Indeed, in GR we would naively expect a negative energy object to be attracted by a positive energy object, the latter being repulsed by the former. They then would accelerate together for ever. Here such kind of phenomenological instability is also avoided since masses living in different forms just repel each other. Yet, from the point of view of each form, this is really the interaction between a positive mass and a negative mass.

• The Sources The ”isotropic form” of the field actually does not privilege any isotropic center. Therefore it is straightforward to obtain the solution generated by an extended mass distribution. In our working coordinate system, the elements read −1/B = A = e^W (notice by the way that -1/B=A is only satisfied in the standard coordinate system in GR, not in the isotropic one), where W is simply the total additive Newtonian gravitational potential generated by the mass distribution.

We should be aware that the derivation of the gravitational field was carried out in a coordinate system where η_{μν} = diag(−1, +1, +1, +1), thus only defined up to a Lorentz transformation but also such that g_{μν} = diag(−1/A, A, A, A) which is much more restrictive. Thus, the average motion of a local mass distribution to be determined (the galaxy?, the solar system?) most probably determines this frame. In it, not only the gravitational field is diagonal independent of the sources motion but the most general expression derived for it involves only the scalar mass as a possible integration constant so that only mass can seemingly source gravity in this frame at any time: as if we were taking a photo and considering the

16 F. Henry-Couannier

static picture we get at this time to be the genuine source distribution. Consequently, free electromagnetic energy being massless can no longer source gravity in DG. However, the various energies of bound systems can still contribute to their mass and source gravity in this way.

Therefore, we must introduce a genuine non dynamical scalar mass field action term in the same form as a cosmological constant term in the source action. Then, a strange and very unusual feature makes it clear that DG violates some of the PN formalism basic assumptions: in any other frame moving relative to our preferred one, a momentum source term in the PN decomposition of the gravitational field is generated by a matter source even if this is its rest frame!

• Actions in the B=-1/A Theory

The fourth total action that determines for the B=-1/A field, how matter sources produce the gravitational field is thus only the sum of the two conjugate DG Einstein Hilbert ones and the two conjugate mass source actions. The non dynamical mass field must be derived elsewhere from our usual SM fields. The action describing how dynamical radiation and matter fields belonging to our two mirror standard models respectively propagate in g_{μν} and its conjugate is the second Russian Doll one of the list of the previous section. It is obtained by the usual covariantisation of the SM actions except that now the Schwarzschild part of the field in turn is an external non dynamical one since it has already been determined independently from the fourth action. Therefore the bidirectional dialog between matter and gravitation does not take place in a single total action as in GR and as is the case for the B=-A perturbation but each direction is handled in an independent action for the B=-1/A perturbation.

• WEP and SEP The Weak Equivalence Principle is obviously not menaced if once the field solution is established, matter and radiation have to follow its ”geodesics” as in GR. But we shall see, while working out the full PN treatment, that DG obliges us to completely give up the geodesics equations of motions if we want the equations of motion derived from the conservation equations to also include the effects of gravity. In this case we will get inacceptable WEP violations and we will have to conclude that the equations of motion dont include gravitational effects. We will later present the way out of this issue.

The Strong Equivalence Principle, as in any background dependent theory is menaced (see in Ref. 20 the discussion of Rosen’s Ref. 29 bimetric theory for instance). This will be discussed in details in the next section full PN treatment.

At last, the particular way the Background appears in DG solution obviously signals an LPI in time violation which is a genuine signature of DG. This will be examined in more details when we come to study the Pioneer effect.

The Dark Side of Gravity 17

• Gravitational Energy

The local B=-1/A gravitational sector is instantaneous and non propagated. In a given frame its source is just mass. The energy momentum tensor of the gravitational field, a Noether current computed thanks to the Poincarre invariance, trivially vanishes for the B=-1/A perturbation since it is time independent.

As shown in Ref. 27, the pressure source term in Einstein equation is always exactly compensated by the gravitational energy source contribution at least in a static configuration so that the pressure term has never been isolated to be evidenced so far. DG is tenable because in this theory, both pressure and gravitational energy vanish as source terms for gravity. A possible way to test DG against GR would be an evidence of the active gravific pressure in a highly non equilibrium situation such that of a Supernova.

• Instantaneity and Causality

Having an instantaneous interaction in a theory raises the issue of stability. When Lorentz transformations apply, instantaneity cannot be realised in all frames and if the instantaneity frame is the restframe of the emitter, many emitters in motion relative to each other define the same number of different instantaneity frames which makes it possible for a signal exchanged from A to B in relative motion, then back from B to A, to arrive in the past of A original emission. Such violation of causality is not acceptable. In our framework, the issue disapears thancks to the existence of a unic frame of instantaneity whatever the emitters motion relative to this frame. But may be can we require more: after all, Lorentz transformations might not apply to such class of space like gravitational intervals but only to the timelike intervals corresponding to the propagated Lorentzian non gravitational physics, in which case, such gravitational intervals transforming under the Lorentz group with infinite light speed, or equivalently the Gallile group, are instantaneous in all frames.

• Varying Speed of Light and Causality The proper time defined in association with the B=-1/A field can be factorized:

dτ^2 = A(dt^2 − 1 A^2 dσ^2)

in such a way that in our preferred frame, the A metric element appears to affect both the clocks ( and masses) and the local speed of light c_{local} = cA where c stands for the fundamental constant appearing everywhere else in our fundamental equations. We realise immediately that in the conjugate form, the local speed of light must be c̃_{local} = c/A. It follows that if the local speed of light is less than c in our form it is greater than c in the conjugate one. This raises in a simple way an additional causality issue: a mass which propagates from A to B in the conjugate form and is really

18 F. Henry-Couannier

seen travelling from A to B from our form point of view thanks to its gravitational influence, appears to propagate faster than (our) light. The issue is generic in bimetric theories and was deeply adressed in Ref. 39. Our answer is already in the fact that we really took serious that c/A or cA are genuine local speeds of light, which means in particular that local space-time intervals (in such a sufficiently small domain that we can neglect the gravitational field variations) must transform under local speed of light Lorentz transformations. We are thus in a kind of Multi Special Relativity context thanks to which causality is granted since, even from our form point of view, the intervals related to propagation (or any other physical process) taking place in the conjugate form of the field must not transform under our c_{local} = c/A Lorentz boosts but under the conjugate c̃_{local} = c.A Lorentz boosts so that the interval even if it is space-like from our point of view, behaves as a time-like one when submitted to any Lorentz boost still in our preferred frame. Notice that in DG, the local speed of light does not only vary spatially but also in time due to the B=-1/A Background.

• Speed of Gravity Recently, Kopeikin suggested in Ref. 28 that the time delay of light from a quasar as the light passed by the Jupiter planet could be used to measure the finite speed of gravity. However, the analysis of the light propagation in the Jupiter’s rest frame makes it obvious that the speed of gravity is irrelevant in this frame (Ref. 33) so that such measurement represents no more than a test of LLI. Up to now there thus exists no evidence for the finite speed of the gravitational interaction.

10. B=1/A , the Full PN Treatment

Here we adapt the PN formalism to DG, following the notation conventions of Ref. 20 and systematically compare the obtained results with the corresponding ones in GR. The DG B=1/A field at PN order in the preferred frame reads:

g_{00} = −1 + 2U − 2U^2 + 4Φ_1 + 2Φ_3 g_{0j} = 0 g_{jk} = (1 + 2U)δ_{jk}

In comparison, the GR PPN field at PN order reads:

g_{00} = −1 + 2U − 2U^2 + 4Φ_1 + 4Φ_2 + 2Φ_3 + 6Φ_4 g_{0j} = −^7_2 V_j −^1_2 W_j g_{jk} = (1 + 2U)δ_{jk}

where U = (x, t) = ∫_{ρ(x}′_{,t)} |x−x^′| d 3x^′

The Dark Side of Gravity 19

and Φ_2, Φ_4, V_j , W_j terms are respectively gravitational energy, pressure and momentum source terms that appear in GR but not in DG in the preferred frame while Φ_1, Φ_3 are kinetic and internal energy terms common to both solutions. The explicit expressions for these terms can be found in Ref. 20 p95. We already mentionned that the contributions of gravitational energy Φ_2 and pressure Φ_4 could not be isolately measured up to now which according to Ref. 27, is due to an exact compensation between these contributions in any static configuration. Thus, due to this compensation, up to now experiment only tells us that DG and GR are indistinguishable in this sector so that in particular DG as GR does not violate LPI in space at PN order in those experiments that are sensitive to Φ_2 and Φ_4 for the time being. We should not be chocked by a theory where as in Newton theory, only rest mass seems to source gravity. Indeed, this is only true in our preferred frame. In any other one moving at the speed v relative to the latter, the DG tensor field solution, once Lorentz exported, appears to be really sourced by the total momentum generated by this transformation.

We are now mainly interested in kinetic Φ_1 and internal Φ_3 energy terms. Because these are the same at PN order in DG and GR, no LLI nor LPI violation effects associated with these terms are expected in DG at PN order.

We shall now investigate the compatibility of the above PN field elements with DG equations of motion. In DG, the matter and radiation fields energy-momentum density is defined to be the Noether current associated with Poincarr invariance of the action describing how these fields feel gravity, the same action as in GR i.e with minimal coupling of these fields to g_{μν} . For a perfect fluid, its exact elements read

T^{00} = γ^2ρ(1 + Π)g^{00} + γ^2pv^{2 gii}_3 T^{0j} = γ^2pv^{j gii}_3 + γ^2ρ(1 + Π)v^j g^{00} T^{jk} = pg^{jk} + γ^2(ρ(1 + Π)g^{00} + p^{gii}_3 )v^j v^k

which at PN order simplifies to the expression given in Ref. 20 p104.

T^{00} = ρ(1 + Π + v^2 + 2U) T^{0j} = ρ(1 + Π + v^2 + 2U + p/ρ)v^j T^{jk} = pδ^{jk}(1 − 2U) + ρ(1 + Π + v^2 + 2U + p/ρ)v^j v^k

The important issues we then encounter and solutions to adopt are the followings:

• This Noether tensor T^{μν} is not the one that served us as the source for gravity S^{μν} , thus we have at least two different order two tensor fields: T^{μν} which stands for the matter and radiation dynamical fields and S^{μν} which stands for a non dynamical contribution, the one that sources the gravitational field but must somehow be related to T^{μν} .

• The non dynamical source tensor S^{μν} was given a cosmological constant form earlier, but the expression of its components remain to be related not only to the actual matter content of space-time (found in the elements

20 F. Henry-Couannier

of T^{μν} ) but also to the asymptotic mean mass density of the universe in the side of the gravitational field we are working in. In other words, it is everywhere defined as a density fluctuation with respect to the mean massenergy density of the universe. As a consequence, it does not vanish in vaccuum but is negative and curves the gravitational field even there.

• A non dynamical component can be added in the non gravitational action as a cosmological constant term in order to give its contribution to the total Noether current which now becomes T^{μν} + S^{μν} (but still only S^{μν} sources gravity). Actually, this additional action term and the redefinition of the total Noether current that follows are mandatory in case we require the equation of motion deduced from this conservation equation to be all right with all known PN tests. This is problematic a priori since the Noether current must be conserved in the usual sence in DG, and we dont have anymore the covariant derivatives affine connection terms to represent the gravitational force in the conservation equation. As a consequence ∂_μT^{μν} =0 and in particular ∂_tT^{i0} + ∂_j T^{ij} = 0 is not acceptable since for a single mass test the dv/dt = 0 we can derive from it would of course conflict with the Newtonian equation of motion dv/dt = ▽U. The total T^{μν} + S^{μν} is the solution we propose to solve this issue thanks to the g_{μν} dependency in S^{μν} which might allow to recover the good PN equation of motion. Let us anticipate that this attempt will fail. This means that, even if the equation of motion derived from the conservation equation in the usual sense is valid, this equation somehow does not fully take into account or not at all the effect of gravity. We shall explain in a next section that such equation of motion is in fact only valid to descrbe the propagation in flat space-time that takes place in between the points of a network: the discrete mode of space-time.

• In any case, the matter and radiation field cannot exchange energy with the B=1/A gravitational field since the latter has no energy-momentum contrary to the B=A field. And yet, neglecting the latter B=A, the global energy momentum conservation will yield acceptable Newtonian equations of motion: for a mass test the sum of its gravitational potential energy and kinetic energy is conserved at the Newtonian level of approximation, in absence of any non zero energy momentum tensor associated with the gravitational field. The procedure will only fail at the PN level.

• The mechanism that relates T^{μν} to S^{μν} makes appeal to a discrete mode of spacetime, a network of points at rest in our preferred frame. ( The necessity for this mechanism and its consequences will be reviewed in more details in a forthcoming section. See also Ref. 60 and Ref. 61). S^{μν} = Sg^{μν} where the scalar S is constant over a quantum of space-time where it catches the frequency of the field wave that propagates there and keeps the value S =^1_2 γ^2ρ(1 + Π) during a quantum of time. As a result, derivatives (only

The Dark Side of Gravity 21

well defined in the continuum) of S vanish so that ∂_μS^{μν} = S∂_μg^{μν} . • We are in position to write down S^{μν} elements in the preferred frame to PN order:

S^{00} = −^ρ_2 (1 + Π + v^2 + 2U) S^{0j} = 0 S^{jk} =^{δjk}_2 ρ(1 + Π + v^2 − 2U)

But only the trace of S^{μν} sources the single equation of DG. This trace equals 2γ^2ρ(1 + Π) or 2ρ(1 + Π + v^2) to PN order from which follows in a straightforward way the PN expression we have written for the DG field solution. The same behaviour of DG and GR (readable in our solutions) in the kinetic and internal energy sectors is thus well established at PN order. However, the highly relativistic domain must raise important differences between DG and GR in this sector since the trace of S^{μν} is proportionnal to γ^2ρ(1 + Π) while the trace of GR’s T^{μν} is proportionnal to ρ(1 + Π). The extra curvature of the gravitational field induced by the γ^2 coefficient will have far reaching consequences in particular for the case of the high speed (relativistic) rotating mass disk in which case we can in a straightforward way adopt the fascinating results of Ref. 56 which were not meaningfull in GR but really make sense in DG. As a consequence, the flying saucer might be one of DG most fascinating outcomes.

A recent experiment of the European Space Agency (Ref. 57 and Ref. 58) has recently measured what the funded scientists claim to be the gravitational equivalent of a magnetic field for the first time in a laboratory. Under certain special conditions the effect, an anomalous acceleration in the vicinity of a supraconducting rotating disk, is much larger than expected from general relativity. The rotation of the disk mass itself may not be enough to generate sur large effects in our framework but as already suggested in Ref. 59, if the spins of particles, atoms, or molecules in the disk are all aligned along the same direction as the disk axis, the effect might be enhanced and detectable in this way.

Now let us check if our conservation of total energy momentum in DG really yields the same PN equations of motion as in GR to PN order. In GR: 1 √ g ∂_μ( √ gT^{μν} ) + Γ^ν_{μλ}T^{μλ} = 0

in DG: ∂_μT^{μν} = −∂_μS^{μν} = −S∂_μg^{μν}

22 F. Henry-Couannier

T^{00}, T^{j0} and T^{jk} will have the PN expansions

T^{00} =^{00}T_0 +^{00}T_2 +...

T^{j0} =^{j0}T_1 +^{j0}T_3 +...

T^{jk} =^{jk}T_2 +^{jk}T_4 +...

where, following Ref. 9 notations,^{μν}T_N denotes the term of order^m_{r3} v^N and we have kept only the terms which obey conservation laws that involve only the gravitational field to PN order. For the perfect fluid, the identification yields: 00 T_0 = ρ,^{00}T_2 = ρ(Π + v^2 + 2U) j0 T_1 = ρv^j ,^{j0}T_3 = ρ(Π + v^2 + 2U + p/ρ)v^j jk T_2 = pδ^{jk} + ρv^j v^k,^{jk}T_4 = −2Upδ^{jk} + ρ(Π + v^2 + 2U + p/ρ)v^j v^k

and in the same way for the scalar S:

S_0 = ρ 2 , S_2 = ρ 2 (Π + v^2)

From Ref. 9 p222, we get the dominant order, conservation of mass equation in GR: ∂ ∂t 00 T_0 + ∂ ∂x^j j0 T_1 = ∂ ∂t ρ + ∂ ∂x^j ρv^j = 0

but also in DG since g derivatives lead to higher order terms.

The next to leading order in GR is: ∂ ∂t 0i T_1 + ∂ ∂x^j ji T_2 = − Γ^i_{002}^{00}T_0 or ∂ ∂t ( ρv^i ) + ∂ ∂x^j ( pδ^{ji} + ρv^j v^i ) = ∂U ∂x^i ρ which contains the Newtonian equation of motion. In the DG, the left hand side is obviously the same but also the right hand side to this order since

− S_0 ∂_μg^{μi}_2 = ∂U ∂x^j ρ so the Newtonian equation of motion is the same.

The next order PN conservation equation in GR is also taken from Ref. 9 p224 ∂ ∂t 00 T_2 + ∂ ∂x^j j0 T_3 = − ∂U ∂t 00 T_0

In DG: ∂ ∂t 00 T_2 + ∂ ∂x^j j0 T_3 = − S_0 ∂μg^{μ0}_2 = ∂U ∂t ρ

The Dark Side of Gravity 23

where, as long as we only consider the B=1/A perturbation field, the right hand side vanishes because U is then the atemporal potential which remains constant under infinitesimal time translations even if the source is moving! Notice also the different sign for this term in GR and DG. We can check from this equation and the previous mass conservation equation that we still get in DG the correct Newtonian conservation of total energy i.e the kinetic energy plus gravitational potential energy. The spatial density ρ = ρ^′(1 − v^2/2 − 3U) so that 00 T_0 +^{00}T_2 = ρ^′(1 + Π + v^2 + 2U − v^2/2 − 3U) = ρ^′(1 + Π + v^2/2 − U)

Then, considering a small mass m of our fluid completely enclosed inside a volume V, the conservation equation reads d/dt( ∫ ρ^′(1 + Π + v^2/2 − U)dV ) = 0 or m + m(Π + v^2/2) − mU = Cte which both yields the conservation of mass and internal energy m(1 + Π) and the conservation of kinetic and gravitational potential energy mv^2/2 − mU. Notice that here this potential energy mU may vary under infinitesimal time translations due to the motion of m in the atemporal potential which affects the spatial argument at which U is evaluated. In GR the treatment is much more elaborate and involves the definition of an auxiliary total energy momentum pseudo-tensor including the energy of the gravitational field itself. The next equation is a PPN equation of motion even involving only PN order terms in g_{μν} . ∂ ∂t 0i T_3 +^∂_{∂x}j^{ji}T_4 = −^{00}T_0 [_∂ ∂x^i ( 2U^2 − 2Φ_1 − Φ_3 )] +^{00}T_2^{∂U}_{∂xi} +^{jk}T_2 [ δ_{jk}^{∂U}_{∂xi} − 4δ_{ik}^{∂U}_{∂xj} ] −^{00}T_0^{∂gi0}_{∂t} −^{0j}T_1 [_{∂gi0} ∂x^j − ∂g_{j0} ∂x^i + 4δij ∂U ∂t ] = −ρ [_∂ ∂x^i ( 2U^2 − 2Φ_1 − Φ_3 )] + ρ(Π + v^2 + 2U)^{∂U}_{∂xi} + ( pδ^{jk} + ρv^j v^k ) [ δ_{jk}^{∂U}_{∂xi} − 4δ_{ik}^{∂U}_{∂xj} ] −^{00}T_0^{∂gi0}_{∂t} −^{0j}T_1 [_{∂gi0} ∂x^j − ∂g_{j0} ∂x^i + 4δij ∂U ∂t ]

= −ρ [_∂ ∂x^i (−2Φ1 − Φ3) ] + ρ(Π + 2v^2 − 2U)^{∂U}_{∂xi} + ρv^i [ −4^{vj ∂U}_{∂xj} ] − ρ^{∂gi0}_{∂t} −^{0j}T_1 [_{∂gi0} ∂x^j − ∂g_{j0} ∂x^i + 4δij ∂U ∂t ]

where we have removed pression and gravitational energy terms not yet isolately experimentally accessible, to focus on the kind of terms which are also present in DG in order to compare with the corresponding expression in DG

− S_2 ∂_j g^{ji}_2 − S_0 ∂_j g^{ji}_4 − S_0 ∂_0g^{0i}_3 = ∂U ∂x^i ρ ( Π + v^2 ) + ρ ∂ ∂x^i (−U^2 + 2Φ_1 + Φ_3) − ρ ∂ ∂t g_{i0} where (this is very unusual) we needed the PPN term (A=-1/B) of

g_{jk} = (1 + 2U − 2U^2 + 4Φ_1 + 2Φ_3)δ_{jk}

24 F. Henry-Couannier

which also contributes at the PPN order to the equation of motion. Therefore, our attempt fails here since in DG the geodetic gravitomagnetic terms but also the term which contribute to the advance of the perihelion is lost. Therefore, the equation of motion must be the same as in GR and must respect WEP.

11. B=1/A, Gravitomagnetism

We now explore the gravitomagnetic sector of the theory in case we can still work with the ”geodesics” GR equations of motion.

In a chosen PPN coordinate system moving at velocity ⃗w relative to our initial cartesian working frame, we can get the Lorentz transformed g_{0i} element to Post- Newtonian order for a point mass source m. Thanks to the isotropy the number of independent ⃗w dependent source terms that can appear in the PN developpment of our elements is greatly reduced. Only w_j U and w^2U terms are allowed, where U stands for the potential generated by the mass point. In more details, using the notation of Ref. 20 p94, isotropy implies that U_{ij} = Uδ_{ij} thus V_j = −w_j U = −w^kU_{jk} = W_j and χ_{,0j} vanishes. Also Φ_1 = w^2U. Then, the expressions for the Lorentz transformed g_{00} and g_{0i} found in Ref. 20, p104 (4.59) greatly simplify. g_{00} does not depend on ⃗w and

g_{0i} = −4w_i m r at the Post Newtonian order while the expression in GR of the same element also involves the sources angular momenta in the PPN system (Ref. 20, p104). Since ⃗w may be written as − ⃗w = ⃗w_{P F} = ⃗w_{Source} + ⃗w_{P F/Source} , g_{0i} (and g_{00} at PPN order) involves a preferred frame term depending on the source velocity relative to the preferred local frame where the field is diagonal and satisfies B=-1/A.

Importantly, we just noticed that ⃗w dependent terms do not arise in g_{00} at the Post Newtonian order which would severely conflict with the very precise test of local Lorentz invariance in the acceleration of the pulsar. This test constrained the α_3 parameter within the Post-Newtonian formalism but this formalism of course breaksdown in our instantaneous gravity theory. As a result, the precession of a gyroscope’s spin axis ⃗S relative to distant stars as the gyroscope orbits the earth is given by ( Ref. 20 , p208): d⃗S dτ = ⃗Ω × ⃗S, ⃗Ω = − 1 2 ⃗∇ × ⃗g + 3 2 ⃗v_{GP B} × ⃗∇ (m r )

the components of the 3-vector ⃗g being the g_{0i}. Explicitely, ⃗Ω = 2 ⃗w × ⃗∇ ( m r ) + 3 2 ⃗v_{GP B} × ⃗∇ (m r )

where − ⃗w = ⃗w_{Source} + ⃗w_{P F/Source}. This yields ⃗Ω = ⃗Ω geodetic +

⃗ΩPF

The Dark Side of Gravity 25

where in addition to the geodetic precession also expected in GR, ⃗Ω geodetic = −2 ⃗w^{Source} × ⃗∇ (m r ) + 3 2 ⃗v_{GP B} × ⃗∇ ( m r ) = 3 2 ⃗v_{GP B/source} × ⃗∇ ( m r ) − 1 2 ⃗w_{Source} × ⃗∇ ( m r )

which last anomalous term (depending on the arbitrary PPN system) may be dropped since it does not appear in the truly measurable quantity ( Ref. 20 , p211), a preferred frame like effect arises in ⃗ΩPF = 2 ⃗w_{Source/P F} × ⃗∇ (_m r ) . Hence, not only do we have a new kind of Post Newtonian effect which could not have been accounted for in the Post Newtonian formalism, but this comes in place of the Lense-Thirring precession or “the dragging of inertial frames” interpreted as a genuine coupling in GR between the spins of the earth and gyroscope. Indeed, we are free to choose the same w_{Source}, for instance here the extended body center of mass speed, for any elementary point mass m entering in the composition of this body, then factorize this speed when summing over all point masses to get the GR geodetic terms plus another term independent of the body angular momentum. By the way, the highly non trivial issue of deviation from geodesics for a spinning body in general relativity is also avoided if as in DG, the body angular momentum does not source gravity.

It is instructive to compare our effect to the preferred frame one that arises in the Parametrized Post Newtonian formalism:

⃗ΩPF = 1 4 α_1 ⃗w_{P F} × ⃗∇ (m r )

Following Ref. 20, p209, for an earth orbiting satellite, the dominant effect comes from the solar term leading to a periodic angular precession with a one year period, with amplitude: δθPF ≤ 5.10^{−3′′}α_1 thus completely negligible according to the PPN formalism given the experimental limit α_1 < 4.10^{−4}, while in our case: δθPF ≤ 0.04^{′′} well reachable with the experimental accuracy (5.10^{−4′′}/year) of the Gravity Probe B experiment designed to measure for the first time gravitomagnetism isolated from other Post-Newtonian effects. It is interesting to notice that in our preferred frame like effect only comes the difference ⃗w_{Source/P F} which does not signal any genuine local Lorentz invariance violation while the ⃗w_{P F} of the PN formalism truly depends on the arbitrary speed of the choosen working PPN system, and obviously signals a violation of Lorentz invariance. Most of the previous analysis relies on one particular (where the field looks diagonal) coordinate system valid in a given spatial volume. There might be many ones, one for each independent spatial volume. As we shall show, the Pioneer effect is a clear indication that there exists many cells delimiting various background B=1/A regimes, the field jumping from A to a 1/A regime from

26 F. Henry-Couannier

one cell to its neighbour. It has become clear from the analysis of the quadrupole and octopole CMB data, that there exists preferred directions associated with the motion of earth about the sun. This is another strong indication favouring the existence of at least one preferred coordinate system and cell encompassing our solar system. If our local preferred frame is located at the center of the solar system we get ⃗ΩPF = −2 ⃗w_{⊕/⊙} × ⃗∇ ( m_⊕ r_⊕ )

depending on the earth speed relative to the sun ⃗w_{⊕/⊙} and the earth gravitational potential. This leads to a periodic angular precession with a period being that of one rotation of the satellite around the earth. This precession is much weaker than the precession we found in case the preferred frame was the CMB restframe. On the other hand if there exists an even more local prefered frame and cell rotating with the earth, we would just need to export the earth gravitostatic field in this frame into any other rotating frame to get a gravitomagnetic field giving the same frame-dragging as in GR.

The preferred directions manifested in the CMB quadrupole effect involve the earth rotation plane as well as the ecliptic plane which seems a strong indication toward discontinuities transforming the A,-1/A field into the reversed 1/A,-A one in the vicinity of the earth and delimiting a closer frontier for a sub-cell. We shall see that there are good reasons indeed to expect this new kind of discontinuity at the background and perturbation B=-1/A fields crossing zones.

12. The Discrete Mode of Spacetime, Special Relativity and the Origin of Masses

If spacetime was only a pure continuum, the total energy of a single mass at rest in the universe, sum of its vanishing (provided the total mass source of the Janus universe vanishes) potential energy in the total gravitational field of the universe and its rest energy would reduce to its rest mass energy and would not vanish. As a consequence, the creation of a single mass (or a pair of particle / antiparticle) in the Janus universe would not be at free cost. The only possible way out of this issue is to postulate a discrete mode of space-time, i.e that vacuum mass is not continuously distributed over spacetime but is only concentrated in the loci of a network of points which must be considered as a genuine ether. Then the vanishing total energy condition for each mass created in the Janus universe becomes possible and a non trivial one provided positive and negative vacuum masses alternate in the network. The step distance between two neighbour points is constrained and this was explored in our first attempt toward an understanding of quantisation in the DG framework in Ref.48.

The network of points topology is also well constrained if we remind ourselves that DG globally flat space can only be paved by parallelepipedes or polyedres

The Dark Side of Gravity 27

with hexagonal base. The later possessing richer symmetries is our prefered option. It involves a 60 degrees caracteristic angle in the two dimensional network of hexagons. We shall see in the next section that DG B=-A also has wave solutions. A remarquable solution (superposition of ingoing and outgoing waves) is a standing spherical wave. We postulate that such object is the fundamental one entering in the composition of any form of matter and radiation propagating int the continuum of spacetime between the lattice points. If the standing wave is at rest, it describes a particle at rest. The mass m_0 of this particle as seen from the network is given by its frequency f_0 according the fundamental familiar quantum mechanics relation: hf_0 = m_0c^2.

The standing wave at rest in P0 has frequency f0 and mass m0 but the same standing wave propagating toward P2 at the speed of light has a projected velocity v = c. cos θ along the direction P0P1 and a Doppler shifted frequency (including the relativistic effect of time dilation) as seen from P1:

θ = ⟨P 1P 0P 2⟩ v/c = cos θ γ =^1_{sin θ}

This way of understanding mass can thus generate a spectrum of masses starting from a single fundamental one, each new mass corresponding to an angle in the spectrum. It is very impressive that the first angles we encounter in the network closely corresponds to the well known lighter elementary particle masses. The first angles angles are

θ_0 = 30^∘ → γ = 2 dθ_{01} = 19.107 → γ = 3.0545 θ_0 − dθ_{01} = θ_1 = 10.893395^∘ → γ = 5.2915 dθ_{12} = 4.30662^∘ → γ = 13.317 θ_1 − dθ_{12} = θ_2 = 6.586775^∘ → γ = 8.7178 θ_1 − 2dθ_{12} = 2.280155^∘ → γ = 25.13465 θ_0 + θ_1 − 2dθ_{12} → γ = 1.8724 .... dθ_{23} = 1.8717716^∘ → γ = 30.616 θ_1 − dθ_{23} = 9.0216234^∘ → γ = 6.377

28 F. Henry-Couannier

A tree of mesons seems to be generated

π^{± 1.872}→ K^±, K^{0 1.87}→ p^{1.87}→ τ 2. ↘ a0^{1.87}→ D_{2.} ↘ D_s π^{0 22}→ eta^{1.87}→ ϕ

2^2 ↘ D^∗_s π^{0 5.2}→ ρ ϕ^{5.2}→ B ϕ^{6.4}→ B_c ϕ^{13.32}→ top ϕ^3→ J/ψ^3→ Υ It seems also possible to join the lepton tree through the third network dimension : θ = 45^o ⇒ γ^{−1} = √ 2 μ √ 2→ π

A lepton tree ?

e^{28}→ μ^{24}→ τ

The formula are good within 5 % accuracy on the particles bare masses i.e. not taking into account electromagnetic self interaction corrections (a few MeV).

The baryon tree involves new angles: θ^′_1 = 43.897^∘ → γ = 1.4422 θ^′_2 = 40.893^∘ → γ = 1.527 ϕ^{1.44}→ N(1440) ϕ^{1.52}→ N(1520) ... extending this analysis to all angles in the lattice we expect an infinite spectrum of particles.

We now show that the network of points can explain special relativity following the fantastic work and arguments of R D. Sadykov (Ref 62). We already noticed that in DG the gravitational field can be understood as a field that both affects the local mass and speed of light rather than describing spacetime deformation. All gravitational effects can be understood as well following this point of view. But since gravity modulates the speed of light we can derive the constancy of this speed in vacuum from which follows Special Relativity. Let us apply the classicall addition

The Dark Side of Gravity 29

of velocities in the case where the light source is moving at the speed v relative to our ether network of points. The speed of light becomes c(1+v/c) but at the same time, ”the mass of light (presumably out of reach for the time being)” as seen from the lattice next point to reach is changed in the same proportion: m becomes m(1 + v/c)^{−1}. The resulting effect is that absorption and reemission at this point of the ether renormalises the speed of light by the extra factor (1+v/c)^{−1} to give again the constant c and Special Relativity follows: on a long enough path in vacuum, the speed of light is the constant c. Indeed, the argument also works in case the observer frame is moving at speed v’ with respect to the ether since the ether will renormalise the speed of light by a frame dependent extra factor to compensate exactly any classical additional component to the speed of light in this frame too.

In particular, R D. Sadykov explains how a massive object can be described by a photon ball (the photons are trapped inside a spherical mirror: a gravitational discontinuity) which mass, sum of many photon individual masses, will be affected by the relativistic factor γ: in the photon ball, each individual photon is trapped in the equivalent of a light clock and its speed aternates between all directions so that its mass as seen from a neighbour lattice point is alternatively m(1 + v/c)^{−1} and m(1−v/c)^{−1} Doppler shifted where v is the overall speed of the ball and the average factor is γ. The time dilation effect (time dilation of the two ways propagation of light in the light clock) used above to derive the mass of the propagating standing wave also follows from this γ. Notice that the propagation of light takes place in flat spacetime. In a microscopic treatment and understanding, its absorption and reemission by each point encountered in the lattice (which locally modifies the speed of light and the ”speed of time”) should induce the average observed curvature of the trajectory on a sufficiently long path and the illusion that the photon propagates in a curved spacetime.

13. B=-A Perturbations: Gravitational Waves

The propertime we can build with this field a priori takes the form: dτ^2 = A(r, t) [ dσ^2 − dt^2 ] dτ̃^2 = A^{−1}(r, t) [ dσ^2 − dt^2 ] A = e^{h(r,t)} stands for a small perturbation h(r,t) in the stationary metric satisfying □A A + (_Ȧ A )_2 − (_{A′} A )_2 = 0 ⇒ □h(r, t) = 0 having plane wave solutions in vacuum.

The time dependent background A_{BG}(t) is also subjected to perturbations, and such kind of perturbation is isolated from A_{BG}(t) in the same way as the B=1/A

30 F. Henry-Couannier

time independent perturbation was isolated from its background if the action is built from g^ν_μ. so we get the familiar wave solutions again: a(r, t) = sin(Et − ⃗p⃗r); |⃗p| = E These do not propagate in the world in between the two time reversal conjugate forms as the previous waves but really in the expanding conjugate universes. Both are massless.

We here concentrate on the expanding world perturbations, interpreted as gravitational waves and show that these can be responsible for the decay of the binary pulsar. The basic small perturbation solution is a plane wave. It reads A(r, t) = e^{sin(Et−⃗p⃗r)} | ⃗p |= E The conjugate wave taken at -t is Ã(r, −t) = e^{sin(Et+⃗p⃗r)} has a reversed momentum, so that the time reversal discrete symmetry is equivalent to space reversal (r to -r). Without making use of antiunitarity we see that time reversal here generates the wave of a negative energy object going backward intime well known to describe equivalently a positive energy object going forward intime with all charge reversed: an antiparticle following the Feynmann viewpoint. But this interpretation is then found to be in conflict with the seemingly rest energy reversal we got in the B=-1/A gravity theory. The solution is probably that the B=-1/A theory of gravity only involves mass as a possible gravitational source and not energy making it possible to reverse mass without affecting energy.

This sector of gravitational waves being quasi-linear (perfectly linear in the exponential argument!), the energy carried by a wave is not a source for other waves. However, the superposition of an outgoing (retarded) and ingoing (advanced) spherical waves with the same frequencies is a standing wave producing a nonzero nonlinear term which can act as a source term if we move it to the right hand side of the equation. Indeed, though on large scales the averaged Ȧ^2 − A^{′2} vanishes, on small space-time scales relative to the wavelength, the Zitterbewegund of Ȧ^2 − A^{′2} is believed to be the perturbation needed to start a non stationary evolution of the background, i.e. for the birth of a couple of time reversal conjugate universes which scale factors will evolve as shown in the next section.

We follow Weinberg’s computation of the power emitted per unit solid angle and adopt the same notations to obtain the same energy lost through gravitational waves radiation of the binary pulsar as in GR in good agreement with the observed decay of the orbit period. For any extended non relativistic source the solution of ( ▽ − ∂^2_0 ) h(r, t) = nπ^G_6 δ(r)δ(t) is the retarded potential: h(x, t) = nπ −G 4π 1 6 ∫ d^3x^′ δT_{00}(x^′, t − |x − x^′|) |x − x^′|

The Dark Side of Gravity 31

The radial momentum component of our gravitational wave energy momentum tensor reads:

T_{r0} = 1 nπG ∑ σ=0,3 ∂R ∂ (_{∂Aσ} ∂r ) ∂A_σ ∂t = 1 nπG ∂R ∂ (_{∂h} ∂r ) ∂h ∂t We have used here a genuine energy-momentum tensor definition different from the pseudo-tensor of GR. It exploits the global Lorentz invariance of our flat spacetime theory. Replacing by the expression of our wave solution, ∀σ, A_σ = h = ∑ ω,k h (ω, k) e^{i(ωt−kr)} + h^∗ (ω, k) e^{−i(ωt−kr)}

⟨T_{r0} (ω, k)⟩ = 6 nπG (−2) ⟨ h^′ḣ ⟩ ω,k = 6 nπG 4ω^2 |h(ω, k)|^2 We find that the power emitted per unit solid angle in the direction k is: dP dΩ (ω, k) = r^2 ⟨T_{r0}(ω, k)⟩ = r^2 24 nπG ω^2 |h(ω, k)|^2 = 24 ω^2 nπG ( nπ −G 4π 1 6 )_2 δT^2_{00}(ω, k)

=^2_π Gω^2δT^2_{00}(ω, k) =^{Gω6}_{2π} k_ik_j k_lk_mD_{ij} (ω)D_{lm}(ω)

Where n has been given the numerical value 48 taking account of the fact that in the Newtonian limit our equation 6 ( ▽ − ∂^2_0 ) h = 48πGδT must give again ∇^2g_{00} = −8πGT_{00} (the same straightforward reasoning allows to determine n in all the other gravitational equations of the theory!). Then following Weinberg, we may write in terms of the moment of inertia Fourier transforms in the observer coordinate system:

P =^2_{15} Gω^6 [ (D_{ii}(ω))^2 + 2D_{ij} (ω)D_{ij} (ω) ] =^2_{15} Gω^612D^2_{11}(ω)

For a rotating body with angular speed Ω, equatorial ellipticity e, moment of inertia I in the rotating coordinates, ω = 2Ω, D_{11}(ω) =^{eI}_4 and the radiated power reads:

P = 2 12 15 G64Ω^6e^2

I^2 16 = 32 5 GΩ^6e^2I^2

as in General Relativity. The main difference is that our gravitational wave is found to propagate pure scalar modes linked by −g_{00} = g_{11} = g_{22} = g_{33} = h. But these cannot be excited independently whatever the source configuration since we have the single degree of freedom h(r,t). The effect of the wave on a test mass is obtained by computing the derivatives of the g_{00} potential. Only the longitudinal derivative does not vanish so that our wave, as an acoustic wave, is longitudinal. The h field once quantified might generate a new gravitational propagated interaction in addition to the Schwarzschild non propagated solution we obtained in the previous section. We cannot add its potential to the exponential Schwarzschild one since this would severely conflict with observations except if the B=-A solution is quantified with another Planck constant much bigger than the one used in electromagnetism. It has ben pointed out by J.M Souriau that the planetary periods in the solar system are Fibonacci multiples of an approximate 30 days period (see Ref. 47), which

32 F. Henry-Couannier

we interpret in the framework of our quantum gravity with huge gravity quanta exchanges (see Ref. 48 and 49 with references therein). If quantum gravity occurs at our macroscopic scale, vacuum screening effects are expected which hopefully will allow neglecting the corresponding gravitational potential at the scale of the solar system so that we are only left with the B=1/A instantaneous gravity contribution as long as we are far away from the much larger scales where (as in the galaxies and clusters) an anomalous gravity behaviour was reported. Another possibility is that these waves, even quantified, do not generate any interaction at all. Indeed, their propagator carries at the same time both signs of the graviton energy involved in the two conjugate forms of g_{μν} from our time arrow point of view and we know that the generated potential flips its sign depending on the energy sign of the propagated boson in QFT so that a null interaction when both energy signs are simultaneously present in the propagator is not surprising.

14. B=-A, The Background: Cosmology

The gravity for the background (this is cosmology) only depends on time. Indeed, even if we did not impose the B=-A condition, the only possible coordinate system with both forms spatially homogeneous and isotropic is a spatially flat one. In the global preferred coordinate system where η_{μν} = diag(−1, +1, +1, +1), a couple of time reversal conjugate purely time dependent solutions can be derived from the couple of conjugate actions. The existence of a time reversal conjugate universe was also suggested a long time ago in Ref. 14. When B=-A, our equation for gravity now reads: √ A^4R − 1 √ A^4

R̃ = 0

with R̃ = R_{A→1/A}. We can keep only the time derivatives leading to:

3A − Ä A + 1 2 ( Ȧ A )_2 − 3 A Ä A − 3 2 ( Ȧ A )_2 = 0

The trivial A=1 stationary solution describes a self conjugate world. A perturbation as a superposition of ingoing and outgoing GWs at t=0 in this stationary solution, is needed for the birth of times to take place and see a couple of conjugate universes start evolving from A=1, t=0. These background worlds have simple evolution laws in the particular ranges A << 1, A ≈ 1, A >> 1. Indeed, the scale factor evolution is then driven (here non dimensional time unit is used) by the following differential equations in the three particular domains: a << 1 ⇒ ä ∝ 3 2 ȧ^2 a ⇒ a ∝ 1/t^2 where t < 0, (6) a ≈ 1 ⇒ ä ∝ ȧ^2 a ⇒ a ∝ e^t, (7)

The Dark Side of Gravity 33

a >> 1 ⇒ ä ∝ 1 2 ȧ^2 a ⇒ a ∝ t^2 where t > 0. (8)

Let us stress that the couple of cosmological conjugate solutions does not imply any local gravitational interaction between objects but only a global one between the two conjugate universes as in Ref. 15. A striking and very uncommon feature is that the evolution of the scale factor is driven by the gravitational interaction between the coupled universes corresponding to the two forms independently of their matter and radiation content. In particular, the observed flatness can no longer be translated into the usual estimation Ω_{tot} = 1 from the WMAP data.

We can check that t → −t implies 1/t^2 → t^2 but also e^t → e^{−t} thus A → 1/A, B → 1/B when t reverses. Since the evolution of the conjugate universe must be followed along the opposite time coordinate, its form is the inverse of our universe one taken at -t. But remarkably, A(t) being imaginary, we have A^{−1}(−t) = −A(t) and we understand why we did not need to introduce the opposite field. Only local gravity leads to a conjugate form which remains the inverse even when taken at -t and allows to understand the origin of mass reversal or parity P. At last, the behaviour of our gravitational waves under time reversal could be interpreted as a pure CP operation. By the way, this helps understand why there is no more paradox associated with time reversal in this context. As shown in picture one, reversing time twice can never make you reappear in the past in a given universe.

The t^2 evolution is the only expanding one and will turn out to also describe an average almost constantly accelerating expansion when the B=1/A background will also be taken into account. Two opposite time parameters joined each over at the conjugate universes t=0. At last, not only our universe is accelerated without any need for a cosmological constant or dark energy component but it is flat without inflation and gets rid of the big-bang singularity at t=0. Of course the accelerated expansion and non singularity at t=0 of the background field are for the time being only valid in the conformal coordinate system. But coming back on these issues in a forthcoming section we shall se that this is also the case in comoving coordinates, when the total background (B=A and B=1/A fields) is taken into account.

It is time to notice that the coordinate system where η_{μν} = diag(−1, +1, +1, +1) defines two fundamental scales or constants of nature. The first one is the speed of light c=1 in this system. The second one is the radius of the universe R=a(t=0)=1. Considered as fundamental constants both are for the time being arbitrary but measurable. The speed of light as we know of course, but the radius of our universe also since it is understood as a physical radius delimiting a finite volume in infinite space : our universe. The boundary itself is understood to be the consequence of a gravitational discontinuity in a parent universe. This primordial genuine gravitational mirror has trapped a system of stationary waves at the origin of the CMB fluctuations which wavelengths should allow to observationally access the universe radius. In particular, the quadrupole suppression in the CMB data is a clear evidence that our universe has a finite volume and is well proportioned according Ref. (50) (see

34 F. Henry-Couannier

also references therein), i.e. one whose three dimensions are of similar magnitudes, here of the order of the quadrupole typical wavelength. There is no suppression effect of the background here as in GR in the vicinity of a local potential. But atoms and planetary systems typical sizes and periods are affected in the same way so that it is not possible to locally detect any effect of the cosmological background on planet trajectories from our reference rods and clocks point of view. Only the comparison of atomic periods with free photons periods, i.e. the redshift, and the evolution of gravitationally bound systems apparent sizes and typical periods as a function of the redshift can allow us to probe the cosmological expansion. Following this point of view, the stretch factor of Supernovae associated with the typical duration of a gravitational process, should have evoluted with redshift, an effect to be carefully taken into account in the Hubble diagram cosmological test.

15. Pioneer Effect, Total Background and Pseudo-Horizon Effect

15.1. The Pioneer Effect

We have seen that the background B(t)=-1/A(t) field is completely determined by the C(t)=B(t)=-A(t) cosmological solution and that B(t)=-1/A(t) either equal C(t) or 1/C(t). We then considered the possibility for the B(t)=-1/A(t) field to spontaneously jump discretly from one regime to the other if a more favorable space-time symmetry of the total field can be recovered by the way.

Factorising the propertime expression as dτ^2 = A(r, t) ( dσ^2 − A^{−2}(r, t)dt^2 ) makes it clear that A^{−1}(r, t) is the part that modulates the local speed of light and A^{−1/2}(r, t) the part that rescales masses (Ref 41). At the contrary, B(t) = −A(t) only rescales masses. While in the A=-B field, photons keep unaffected, the reference atomic periods contract resulting in an apparent cosmological redshift. In the 1/A=-B field, cosmological photon periods are also affected differently than atomic periods but this effect reverses periodically as we shall show, so that integrated along a cosmological path, its impact becomes small.

The Pioneer photons periods are also shifted with respect to atomic clock ones due to both B=-1/A and B=-A backgrounds but due to their very small time of flight, the effect is very tiny. At best it would result in the good sign uniformly changing shift but with a rate too low by a factor^v_c to account for the reported anomaly^ḟ = −2H_0 showing up from the Pioneer aircrafts data beyond 20 Astronomical Units, an effect which according to Ref. 16 has been significantly detected in both Pioneer 10 and 11.

However the Pioneer effect can be accounted for if at a discontinuity between the earth and Pioneer aircraft, the B = −1/A field has flipped according A(t) → 1/A(t) producing an a^2(t) earth clocks drift with respect to Pioneers clocks on the other side of the discontinuity. Indeed the received radiowave signal frequencies are electronically shifted before reemission by the spacecraft antenna in such a way that these should undergo an a^2(t) drift as compared to earth standards. The gravitational field discontinuity itself might deviate or reflect photons as a genuine gravitational

The Dark Side of Gravity 35

mirror without changing their frequencies (so that the crossing of the discontinuity by photons cannot account for the anomaly). Thus the discontinuity responsible for the Pioneer effect is probably in the neighbourhood of the earth to account for CMB photons reflexions on it producing the CMB anisotropies correlated with the earth motion as seen in WMAP data. For matter, the discontinuity represents a potential barrier that might produce caustic like effects where matter is trapped along the discontinuity forming matter rings or shells. The seemingly time dependent flux of Ultra High Energy cosmic rays as a consequence of the discontinuity drift in time in our vicinity is also natural if these particles originate somehow at the gravitational discontinuity.

In GR, the Pioneer anomaly is a fatal one and none of the various systematical effects studied in details up to now can account for all the properties of this unexpected signal. Indeed, not only the sign of the shift is opposite to what we would have expected from a background effect (^ḟ = −2H_0) but moreover the best effort in GR to melt together a background metric with a Schwarzschild metric is the McVittie metric (see Ref. 41 and references therein):

dτ^2 = 1 −^{Gm}_{2ra(t)} 1 +^{Gm}_{2ra(t)} dt^2 − (1 + Gm 2ra(t) )^4a^2(t)dσ^2 (9)

where a(t) can be absorbed by a coordinate transformation ra(t) → r so that the background is completely suppressed except in the space-time g_{ti} elements where its effect is at a much lower level than in the reported anomaly magnitude. In DG solution, there is superposition without suppression:

dτ^2 = e^{− Gm2r} a^2(t)dt^2 − e^{Gm2r} a^{−2}(t)dσ^2 (10)

and it has been shown independently by several authors that, because of its weakness, the Pioneer anomaly seen as such a time dependent metric effect (due to the lacking of any fundamental theory to account for such a form the issue is always examined from a phenomenological point of view) , a clock acceleration rather than a mere acceleration, actually entails no contradiction with the four classical tests of General Relativity since the trajectories are unperturbed (Ref. 44, 45 and references therein). Therefore, even though the Pioneer anomaly in our framework is obviously an LPI in time violation (thus an SEP violating effect), it is not in conflict with the usual tests of LPI in time expressed as a variation of the gravitational constants G which affects the trajectories though such variations are now constrained at a level much lower than H_0. The deep reason is that, as already mentionned, both planet tractories and our refence atomic rods are affected in the same way by the background.

15.2. The Total Background

The two Pioneer solutions translate into two possible forms of the total background (combining both B=-A and B=-1/A regimes) which alternate with a short period-

36 F. Henry-Couannier

icity compared to cosmological time scales:

dτ^2 = dt^2 − t^8dσ^2 (11)

dτ^2 = t^8dt^2 − dσ^2 (12)

Before the decoupling time, the background being the same in the whole universe because of negligible local perturbations, the second solution, when it occurs, is stationary from the point of view of the comparison of standard clock and photons periods. At the earliest times, we have two alternating solutions:

dτ^2 = dt^2 − e^{2t}dσ^2 (13)

dτ^2 = e^{2t}dt^2 − dσ^2 (14)

which on the mean is an exponentially expanding solution (as for inflation) in comoving coordinates. Thus there is indeed no more big bang singularity in DG as announced earlier.

In the present time universe, all regions are not in the same background. But on a cosmological path, if we assume that both our rods and the propagating photon will spend approximately the same time alternatively in the two different regimes. the scale factor evolution from the point of view of the comparison of local rods with distant photons periods, alternates between a t^4 expansion regime, a 1/t^4 contraction regime, a stationary regime and a t^8 expansion regime, which is equivalent on a long cosmological time to a mean t^2 constant acceleration expansion, with fluctuations around this regime on very short time scales. Other important consequences that might be related to the Pioneer effect are also explored in the next section.

15.3. The Pseudo Black Hole Horizon

Our exponential solution tells us that there is no more BH horizon in DG. However a test mass approaching the Schwarzschild radius of a massive body is propagating in the background and perturbation superposition:

dτ^2 = 1 A(r)a(t)^2 dt^2 − A(r)a(t)^2dσ^2. (15)

But for a gravitational field such that the A(r) term ”crosses” the background term we locally get

dτ^2 = dt^2 − dσ^2. (16)

and the primordial space/time symmetry is recovered. Reaching this radius, a local spontaneous phase rotation of the field might transfer the test mass in the Euclidian world and possibly via an extra rotation in the conjugate universe. As well as a genuine black hole horizon this mechanism would account for the absence of thermonuclear bursts from BH candidates.

However, depending on A(r) and a(t), it is possible that no particular r_0 will eventually allow these terms to cross each other. Instead, we can have A^{−1}(r_0)A(t) =

The Dark Side of Gravity 37

1 but then the crossing can only happen and the primordial symmetry be recovered provided the field jumps from A(t) to 1/A(t) at r_0. Such kind of discontinuity in the B = −1/A sector is believed to be the origin of the Pioneer anomaly as explained in the previous section. Interestingly, r_0 propagates to maintain:

e^{Gm/r0(t)} = A(t) (17)

Over a negligible timescale compared to the universe age and in the weak field approximation, the propagation time t_2 − t_1 from r_1 to r_2 is given by:

H_0(t_2 − t_1) = ϕ(r_2) − ϕ(r_1) (18)

where ϕ(r) stands for the gravitational potential at r. We find that the discontinuity takes 26000 and 9 years to travel through the solar and earth potential respectively e.g from infinity to the potential maxima reached at the surface of the objects. The Pioneer effect seems to tell us that the discontinuity was at 12.5 A.U from the sun in 1983, the time when Pioneer 11 detected the very steep rise up of the effect. It follows that it must have reached the Jovian potential well and started to fall inside it in 1997 while it will reach the earth potential in 2104. It is thus now already falling in the potential wells of Jupiter and the outer planets Saturne, Uranus and Neptune, which might be correlated with the unexplained activity of saturne’s satellite Encelade and perturbed magnetic field of Uranus.

Recently a Bubbling behaviour accompanied by ripples visible in the hot gas of the Perseus cluster has been reported by Chandra Ref. 24. We interpret this as the first observation of a periodic generation of gravitational discontinuities which in turn produce our scalar (under rotation in a plane perpendicular to the direction of propagation) longitudinal gravitationnal wave ripples rather than sound waves as interpreted in Ref. 24. The Bubbling frequency is also the gravitational waves frequency which can be computed accurately knowing the measured wavelength (approximately 11kpc) and the GWs speed which is the speed of light. One obtains that the frequency is just 2^{49} times lower than 475 cycles per second, the frequency corresponding to B-flat above middle C and the corresponding period is roughly 30000 years which compares very well with the time needed by the discontinuity to travel accross the gravitational potential of a typical star as is our sun. Therefore 30000 years is a good estimation of the time needed for a gravitational discontinuity travelling through the almost flat potential of a galaxy to scan the gravitational potential of the majority of stars in the galaxy (only a minority of white dwarf stars have much larger surface potentials). This seems to indicate that when most of the mass has been crossed by the discontinuity, an instability makes the discontinuity jump back or bounce somewhere in the deeper potential near a galaxy center to initiate another 30000 years path.

When the discontinuity reaches the vicinity of a planet or star, the isopotential is roughly a spherical surface surrounding the object. An isopotential where we find a discontinuity or a crossing of the two forms of the metric has an other interesting effect: because it acts as a boundary for a spatial domain, the asymptotic decrease

38 F. Henry-Couannier

of local field perturbations at infinity required by the Gauss theorem is a condition which cannot anymore be fulfilled, so that the finite field value at the boundary must behave as a central effective source mass. This mechanism might create the illusion of a dark several billion solar masses object with huge effects on stellar dynamics in the central arcsecond of our galaxy as reported in Ref. 46.

16. Mass, Cosmological Constant Terms, Divergences

It was shown in Ref. 6 that a left-handed kinetic and interaction Lagrangian can satisfactorily describe all known physics except mass terms which anyway remain problematic in modern physics. This strongly supports the idea that the right handed chiral fields might be living in another world and may provide as shown in Ref. 6 an interesting explanation for maximal parity violation observed in the weak interaction.

The vanishing of cosmological constant terms provided the global vacuum masses are the same in both conjugate metrics is granted in DG. In DG the positive and negative energy worlds are maximally gravitationally coupled in such a way as to produce exact cancellations of vacuum energies gravitational effects but fortunately not a trivial cancellation of vacuum fluctuations as the ones showing up in the Casimir effect.

If the connection between the two worlds is fully re-established above a given energy threshold, then loop divergences naturally would also get cancelled thanks to the positive and negative energy virtual propagators compensation. Such reconnection might take place through a new transformation process allowing particles to jump from one form to the conjugate one presumably at places where the conjugate forms meet each other. In this perspective, the above mentionned pseudo-horizon effect is also promising as a process efficiently connecting the conjugate worlds. The gravitational waves themselves carry the two signs of the energy: positive when coupling to our world positive energy fields and negative when coupling to the conjugate world negative energy fields insuring the stability of these couplings. This is because from the point of view of a given form i.e. a given time arrow, the conjugate form of the wave carries a negative energy. Thus a gravitational wave can extract energy E from our side and inject -E in the conjugate side still from our side point of view, a stable process which only conserves the absolute value of the energy. Therefore our gravitational waves allow for energy exchange between our conjugate Left/Right worlds (see Ref 36,37 and references therein exploring the idea of exact unbroken left/right theory, mirror universes and their aplication to dark matter). In our framework, we already saw that the time reversed wave g̃_{μν} (−t), describes an anti wave with flipped chirality propagating in a background having an opposite signature, but seen from our time point of view (taken at t instead of -t) the same conjugate wave has a negative energy. If this reasoning remains valid for any wave, since propagators for any virtual interaction (electromagnetic, weak or strong) boson exchange are opposite in the conjugate universes from a given form point of

The Dark Side of Gravity 39

view, their UV divergences should cancel leading to a finite theory.

17. Phenomenological Outlooks: Cosmology We now show that this Dark Gravity Theory is a very promissing alternative to Dark Matter Models.

17.1. Structure Formation and the Early Universe In a constantly accelerated universe taking the dominating mass density contribution to be the baryonic matter well established density (ρ_0 = 2.10^{−31}g/cm^3) we get at the time t_R of hydrogen recombination the density through:

ρ(t_R) = ρ(t_0)

(_{a(t0 )} a(t_R) )_3

= ρ(t_0) (1 + z_R)^3 = ρ(t_0) (1500)^3

Also, we can link the Hubble parameter at t_R and nowadays value at t_0 through:

H(t_0) H(t_R) = ( a(t_R) a(t_0) )_{1/2}

thus:

H(t_R) ≈ H(t_0) (1500)^{1/2}

Neglecting the effect of the universe expansion in the evolution equation of density fluctuations δ(t) on our side and making use of p ≪ ρ after recombination lead us to the following differential equation: δ̈ − 4πGρδ = 0 and the exponentially growing fluctuations: δ_+ = e^{√4πGρt} Then we can check that: H(t_R) √ 4πGρ(t_R) = √ 2 3 1 1500 √ ρ_c ρ_0

≈ 4.10^{−3}

insuring that the universe expanding rate was indeed negligible compared to the density fluctuations growing rate thereby justifying our previous approximation. A constantly accelerating universe from the CMB last scattering up to now is twice older 2/H_0 ≈ 26 billion years than the standard model universe. But our universe is also much older at the time of Hydrogen recombination than it was usually believed to be in the standard model framework:

t_R = 2 H_R = t_0

H(t_0) H(t_R) = 26.10^9 ( 1 1500 )_{1/2} ≈ 0.7.10^9years.

40 F. Henry-Couannier

At t_R, the universe expanding rate was already (it decreases in time) so small that it did not affect at all the growing of primordial fluctuations so that we could reach soon the non-linear regime starting from the 10^{−5} density fluctuations of the CMB. We notice also that the typical mass of a fluctuation after recombination if the present universe density is ρ_0 = 2.10^{−31}g/cm^3 is the Jean mass ≈ 10^8M_⊙ (see in Ref. 9 the plotted Jean Mass as a function of temperature for different values of the density) approaching quite well the typical galaxy baryonic visible mass of ≈ 10^9M_⊙.

The larger dimensions of voids interpreted as structures in the conjugate form indicate an initial asymetry between the two conjugate universes content as first suggested by JP Petit (Ref. 1) whose simulations have confirmed the appearance of large voids with galaxies concentrated at the periphery of these repelling conjugate structures. Assuming the matter anti-matter symetry is recovered thanks to the conjugate universe, we expect the anti-baryon density on the other side to be the same as the baryon density on our side, but the density of radiation might be very different, and consequently the conjugate universe decoupling epoch, its subsequent evolution and the typical sizes of its structures.

Therefore, we found that our model is not only successful in explaining the growing of the very small initial CMB fluctuations in the linear regime without any need for dark matter nor dark energy but also could lead to an efficient formation of galaxies and universe voids interpreted as over-densities in the conjugate form. In this derivation the negligible expanding rate in the early universe played a crucial role.

17.2. Nucleosynthesis

BBN theory predicts the universal abundances of the light elements D, He^3, He^4 and Li^7 which are essentially determined by t ≈ 180s (Ref. 54). The best observable to probe these predictions is the abundance of He^4 relative to H. The mass fraction Y p ≈ 1/4 is tested at a ≈ 5 percent level of accuracy and is very sensitive to the expansion rate at the time of primordial nucleosynthesis. A two orders of magnitude smaller expansion rate would result in a negligible abundance of Helium since there would be much more time for the desintegration of neutrons between the time when the neutron-proton inter-conversion rate were frozen by the expansion and the later time when nuclear reactions could proceed to incorporate protons and the remaining neutrons into light nuclei. In DG, because the expansion rate extrapolated at 10^{11}K is fourteen orders of magnitude lower than in the standard model because of the constantly accelerated expansion, it thus seems hopeless to get a non negligible Yp. However, as we could check with in simulation, a kind of miracle happens: with an expansion rate twelve orders of magnitudes below the SM one, Yp rises and reaches Y p ≈ 1/4 again.

The physical processes are different. Now nucleosynthesis takes place at a significantly higher temperature than in the SM at a time when the weak interaction

The Dark Side of Gravity 41

processes between protons, neutrons and leptons are not yet frozen by the expansion. At ≈ 3.10^9K the slow formation of He^4 can first proceed in many body collisions because we have all the time needed (Ref. 9). This is slow but fast enough to incorporate all neutrons into nuclei at such a rate that the we can consider the neutron abondance during nucleosynthesis to be given by the proton neutron equilibrium condition.

However the expansion rate is not negligible and still a sensitive parameter. Indeed, if the universe stays significantly more than 10000 years between 10^{10}K and 10^9K, the He^4 abundance in turn becomes dominant since the proton-neutron equilibrium keeps producing neutrons during all this time to be incorporated into He^4 until there is no proton left. In this scenario, heavier nuclei should also be produced in relatively larger abundances than in the SM. The agreement with the abundances present estimations remains to be checked in detailed simulations involving all many body processes, which is not the case in the publicly available BBN codes for the time being. Moreover, because the time elapsed between 10^{10}K and 10^9K is the crucial theoretical input, and since this one is difficult to know in DG which alternates between t^8 and constant background regimes on non negligible time scales compared to those of nucleosynthesis in DG ( which are much longer than in the SM), the issue of testing DG with BBN is a highly non trivial one, a challenge for BBN experts. The exponential regime which avoids the BigBang singularity is the one that took place at the earliest times and may also have driven the evolution at the time of nucleosynthesis. If DG is eventually successfull in this confrontation, we should conclude that the SM ability to predict the good abundances was a pure coincidence. Let us list the reasons why this coincidence is not as improbable as it might appear at first sight. Indeed the only two other observables on which BBN rests up to now are the D/H and Li^7/H fractions. The systematical effects are at the level of the measured value for Li^7/H so it is not clear at all whether we are here sensitive to a primordial abundance. Unfortunately, the same conclusion applies to D/H since its systematics (dispersion between measures) are not understood, in particular the D/H large inhomogeneities, a very serious anomaly in the absence of any known astrophysical mechanism to explain either the creation or the depletion of D (Ref. 53). Other authors have investigated the possibility of having the good proportion of Helium in universes expanding much faster than in the SM and found that for an exponent in the power law greater than 1, it is indeed possible to obtain the correct Y p with a baryon to photon ratio significantly different than in the Standard Model (Ref. 63 and references therein).

17.3. Primordial fluctuations and the CMB

We postulated that the mechanism at the origin of the birth of a couple of times and universes is the appearing of a system of stationary gravitational waves in a finite volume of space in a parent universe. This one in turn can be generated thanks to a metric discontinuity on a spherical surface acting as a genuine gravitational mirror

42 F. Henry-Couannier

surrounding this volume. The superposition of in and out waves would produce the stationary wave system in the whole volume which zitterbewegund (see Ref. 6) is the perturbation needed to create the universes.

Electromagnetic stationary waves near the time of decoupling give the CMB spectrum. These are all in phase and we expect acoustic peaks at all scales in this spectrum without having to make appeal to the usual horizon mechanism. In the absence of horizon, the peaks in the spectrum of the CMB (in particular their positions) wil not provide us with any information regarding cosmology except spatial curvature (Ref. 23) and the density of matter on both sides. Because spatial flatness is a main consequence of our model, it is thus in good agreement with the CMB information so far. The absence of gravitational horizon also well accounts for the large scale homogeneity of the CMB without any need for inflation. It is at the largest scales, i.e the quadruple and the octopole scales that we expect the most significative departure from the predictions of a theory where the horizon, instead of a genuine physical frontier, plays a crucial role in defining a threshold scale above which no acoustic peak is expected. In particular, as explained in a previous section, the suppressed quadrupole is a natural consequence of DG.

Also, the large scale galaxy correlation function shows that that the matter correlation function in the range 30-100h^{−1}Mpc cannot be increased (to improve its deceiving shape fit to the observations ) without exceding the observed amplitudes in the CMB anisotropies on the range l 200-1000 (Ref 52 and references therein). It is thus interesting to check if DG can provide a better fit with both observables simultaneously.

A recent analysis of the CMB fluctuations in WMAP (see Ref. 22) has shown preferred directions and unexpected correlations between these and the ecliptic plane, in particular the direction of equinoxes. A field discontinuity in the vicinity of the earth will follow the equipotentials thus the earth motion in the solar system. Then if CMB photons are reflected on the discontinuity it is not a surprise until the related extra Doppler effects be correctly subtracted, to obtain the reported correlations with the earth motion in the CMB spectrum. Hence the anomalies in the quadrupole and octopole of the CMB might represent a confirmation of our model against inflation.

17.4. Galaxy Rotation Curves

The subsequent structures nonlinear evolution is also facilitated given that a twice older universe 2/H_0 ≈ 26 billion years from the CMB last scattering up to now, to be compared with the oldest (z=5) galaxies ages approaching 17 billion years in quite a good agreement with the oldest stars ages provides more time for galaxy formation. Notice by the way that our model is not in trouble with the oldest stars and recently observed old galaxies as is the Standard Model with the new very accurate estimation of the standard universe age by WMAP. Though this should be checked in details with numerical simulations, it appears already almost

The Dark Side of Gravity 43

certain that the interaction between conjugate density fluctuations is all we need to solve missing mass issues at any scale. The problem was already adressed in some details in the work of JP Petit, particularly in Ref. 1 where he could show that conjugate matter is a powerful alternative idea to dark matter or dark energy. Our new equations for gravity, in particular our superposition principle and the non validity of any Birkhov like theorem strongly supports this approach. For instance, the repelling effect of a galaxy in our metric must generate a large void in the conjugate universe. This in turn is completely equivalent to a huge halo of perfectly homogeneous matter source density on our side. This halo is of course completely dark and only interacts gravitationally with our galaxy. Because similar halos of weakly interactive dark matter in general help to obtain satisfactory galaxy flat rotation curves, our model is very promissing. The main difference with the Halo of weakly interactive dark matter is the perfect homogeneity of a void which prevents any small scale gravitational collapse to enter into the game. Very remarquably, it has been shown in Ref. 21, that a model which suppresses gravitational interactions (GraS) between dark matter and baryons on small, subgalactic scales (1 kpc) allows to get the correct inner rotation curves of small galaxies and avoid the formation of too many substructures in galaxy halos. The issue is that the CDM standard model, though it is very successful on the large scales predicts very compact density cusps in the Dark matter halo and significantly more object of dwarf galaxy mass in a typical galaxy halo than what is seen. Both predictions are related to the gravitational effect of DM aggregates on small scales but conflict with observations. In our frame work, the gravitational artificial suppression is not needed since the smooth central potential profile is a natural consequence of the void nature of the conjugate fluctuation (nothing concentrated at the galaxy center!). Moreover, as in the GraS model, baryon here do not fill dark matter substructures simply because the latter do not exist in the void of the conjugate metric. The recently announced discovery of Dark Matter by the NASA in Ref. 42 is a bad new for MOND and TeVeS since these theories rely on a modified gravity to account for the rotation of galaxies. This is not the case in DG which in the weak field approximation is as Newtonian as GR. DG also has Dark Matter but it gravitationally repels our side matter and the Chandra X ray data will have to be examined in this perspective as any other data sources.

A ring or shell of Dark repelling matter may be very efficient to help obtaining a bar spiral galaxy stable structure as shown in the 2d simulations by JP.Petit and F.Landsheat (see Ref. 1). See also an impressive very recent simulation result along this line which can both reproduce our galactic rotation curve and observed diffuse galactic gamma rays excess by EGRET (see Ref. 51 and references therein). Along with the usual distribution of Dark matter, this study assumes the existence of two rings of Dark matter in the galactic plane at 4kpc and 14kpc where Susy Wimps annihilation produces the observed gamma ray excess. In our framework, we would need rings of the conjugate form anti-matter to produce both the gamma rays and some modulations in the galactic rotation curves provided, as in the vicinity of our

44 F. Henry-Couannier

galactic center where positrons excess were observed, antimatter from the conjugate form can cross the gap toward our form and annihilate with normal matter near these rings. Obtaining rings with antimatter is also much more natural since it is not collisionless as is Dark matter and again such rings were predicted in the work of Ref. 1. The stability of these antimatter rings is insured because they are surrounded by normal matter which is repelling from their point of view but since these rings repell in turn our matter they should be located at somewhat different places than the DM rings of Ref. 51 to get the correct deformation of the galactic rotation curves.

17.5. Large scale dynamics

At last, we know that the standard CDM model is able to correctly predict clusters abundance and galaxy peculiar velocities. Because in our framework, we can take into account the effective large masse induced by the dark side voids, our galaxies are much heavier and extend very far away from the visible part which in some case might be to faint to be detectable. Because again the equivalence between the CDM dynamics and our dark gravity with voids dynamics seems natural, successes of the CDM model should convert in a straightforward way into our model success on the large scale provided there is no bad surprise from more detailed simulation studies.

18. Conclusion

We could settle down here the foundations of the new theory of gravitation on flat spacetime which necessarily imposes itself as soon as we give give up the GR geometrical point of view. Eventually, we find that this allows to solve many long lasting theoretical issues such as negative masses and stability, QFT vacuum divergences and the cosmological constant, negative energy and tachyonic representations of the Lorentz Group but also leads to very remarkable predictions: Locally, the disagreement with GR only arises at the PPN level in the preferred frame of our isometries, black holes disappear and gravitomagnetism can arise in an unusual way. Globally, a constantly accelerating necessarily flat universe in good agreement with the present data is a natural outcome of the model. The growing of primordial fluctuations works well in this dark gravity theory without any need for dark energy nor dark matter components and the context is very promissing to help solving the galaxy or cluster of galaxies missing mass issues. At last, we derived a gravitational wave solution leading to the observed decay of the binary pulsar orbital period. More speculative but very promissing developments have started to be explored in Ref 3).

November 16, 2006 18:20

The Dark Side of Gravity 45

References 1. JP. Petit, Science. Astr. and Sp. Sc. 226, 273-307 (1995). 2. http://www.jp-petit.com/science/f300/a301.htm 3. http://www.darksideofgravity.com/DG.htm 4. T. Damour and I I. Kogan, hep-th/0206042. 5. S. L. Robertson, gr-qc/0502088. 6. F. Henry-Couannier, gr-qc/0404110. 7. F. Henry-Couannier, gr-qc/0410055. 8. S. Chen, hep-th/0203230.

9. S. Weinberg, Gravitation and Cosmology (John Wiley and sons, New York, 1972). 10. A. D. Linde, Rept. Prog. Phys. 47, 925 (1984). 11. R. R. Caldwell, Phys. Rev. Lett. 91, 071301 (2003). 12. P. H. Frampton, Mod. Phys. Lett. A19, 801 (2004).

13. S. M. Carrol, M. Hoffman and M.Trodden Phys. Rev. D68, 023509 (2003). 14. A. D. Sakharov, JETP Lett. 5, 24 (1967). 15. A. D. Linde, Phys. Lett. B200, 272 (1988). 16. J. D. Anderson, Phys. Rev. D65, 082004 (2002). 17. M. Tegmark, gr-qc/9702052 18. G. Feinberg, Phys. Rev. D17, No 6. 19. E. Recami, arXiv:physics/0101108.

20. C. M. Will, Theory and experiment in gravitational physics. CUP 21. Piazza and Marinoni, Phys.Rev.Lett. 91 141301, Astro-ph/0304228. 22. D.N. Spergel et al. (WMAP Collaboration) 23. W.T. Hu, astro-ph/9508126 24. A.C. Fabian et Al, astro-ph/0306036 25. N. Straumann, astro-ph/0006423 26. S. Deser, and J. Franklin gr-qc/0408067 27. J. Ehlers, et Al gr-qc/0510041 28. S. M. Kopeikin gr-qc/0105060 29. N. Rosen, A bi-metric theory of gravitation J. Gen. Rel. and Grav. 4,435-47 grqc/0101025 30. Y. Aharonov, and D. Bohm, Significance of Electromagnetic Potentials in the Quantum Theory Phys. Rev. 115, 3 (1959).

31. hep-th/9510023 32. www.cosmosaf.iap.fr/MIT-RG1F.htm 33. C. M. Will gr-qc/0510072 34. M. Milgrom Astrophys. J. 270, 365; 270,371; 270,384 (1983). 35. J. D. Bekenstein Phys. Rev. D70 083509 (2004) 36. R. Foot, H. Lew and R.R. Volkas Phys. Lett. B272, 67 (1991) 37. T. D. Lee and C.N. Yang Phys.Rev. 104, 256 (1956) 38. J. Brian Pitts and W. C. Schieve Slightly Bimetric Gravitation gr-qc/0101058 39. J. Brian Pitts and W. C. Schieve Null Cones in Lorentz-Covariant General Relativity gr-qc/0111004 40. The Supernova Legacy Survey: Measurement of omega(m), omega(lambda) and w from the first year data set.astro-ph/0510447 41. M. Carrera and D. Giulini On the influence of the global cosmological expansion on the local dynamics in the solar system gr-qc/0602098 42. http://chandra.harvard.edu/photo/2006/1e0657/ 43. S. Hossenfelder Cosmological consequences of Anti-gravitation gr-qc/0605083 44. K. Trencevski E G. Celakoska On the Pioneer anomaly gr-qc/0604068

November 16, 2006 18:20

46 F. Henry-Couannier

45. K. Tangen Could the Pioneer anomaly have a gravitational origin gr-qc/0602089 46. R. Schodel, T. Ott, R. Genzel Stellar dynamics in the central arcseconf of our galaxy astro-ph/0306214 47. http://www.jp-petit.com/science/f700/f701.htm 48. http://www.darksideofgravity.com/quantumgravity.pdf 49. P. Moyassari, S. Jalalzadeh IJMPA, Vol. 20, No. 11 (2005) 2515-2521 50. JP. Luminet, A. Riazuelo, R. Lehoucq, J. Weeks astro-ph/0312312 (2006) 51. W. de Boer, C. Sander, V. Zhukov, A.V. Gladyshev, D.I. Kazakhov astro-ph/0602325 52. A. Blanchard, M. Douspis, M. Rowan-Robinson, S. Sarkar astro-ph/0512085 53. D. Kirkman et al, Astrophys. J. Supp. 149, 1 (2003) 54. B.D Fields and S. Sarkar astro-ph/0601514 55. http://www.darksideofgravity.com/masses.htm 56. E.J Jeong gr-qc/9707016 and www.tachyonics.com 57. M.Tajmar, F. Plesescu, K. Marhold, C J. de Matos (ESA) gr-qc/0603033 . 58. http : //www.esa.int/SP ECIALS/GSP/SEM0L6OV GJE_0.html 59. http://www.ovni.ch/ kouros/antig.htm 60. http://www.god-does-not-play-dice.net/download.html 61. http://www.god-does-not-play-dice.net/index1.html 62. R. D. Sadykhov physics/0606240 63. M. Sethi, A. Batra, D. Lohiya astro-ph/9903084

The Dark Side of Gravity 47