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The motivations for a theory of gravitation based on a new concept of ether are detailed: i) This concept of ether extends the
Lorentz-Poincarii concept. It is hence compatible with special relativity (SR), actually the investigated theory reduces to SR if the
gravitational field evanesces. ii) In this ether theory, quantum and gravitational concepts would match more easily. iii) Some
problems of standard gravitation theory are or might be avoided. The construction of the theory is reviewed. It is a preferred-
frame theory with a flat "background" metric and a curved "physical" metric. Motion is governed by an extension of the special-
relativistic form of Newton's 2nd law. The current status of the observational confrontation is favourable: there is a correct
Newtonian limit; gravitational effects on light rays are as in standard general relativity; isolated systems radiate quadrupole
gravitational radiation. In celestial mechanics, there are preferred-frame effects. This is shown a priori compatible with an
improvement over Newton's theory. Current work aims at checking this. The theory makes new predictions as to gravitational
collapse and cosmology, and predicts matter creation or destruction.

1. Motivations for an ether theory of gravitation

The aim of this contribution is to summarize the motivation, the construction and the present status of a scalar
theory of gravitation, which is a preferred-frame theory based on a new concept of ether. We shall begin with an
account of the current motivation for reintroducing an ether.

1.1. The first reason is to extend the Lorentz-Poincarii ether theory to gravitation. Still today, most physicists
believe that the concept of ether is an obsolete one that has been disproved by Einstein when he presented special
relativity (SR). It is yet rather well known that Einstein had "precursors", including such luminaries as Larmor,
Lorentz, and Poincarii, and that al/ of these precursors considered an ether. The information that seems difficult to
circulate is this: at the end of June 1905, when Einstein sent his famous work on SR [1], the collective work of those
leading theoreticians over almost two decades had finally led to Poincarii's paper appeared on June 9, 1905 [2], that
contains the major results of SR. We refer the reader to the monograph of Logunov [3] for a definitive proof that all
of special-relativistic dynamics and electromagnetism, including the Lorentz group and the introduction of space-
time, is in Poincarii's papers [2] and [4] (the former paper being a detailed summary of the later one, received on July
23, 1905, and which is a monumental paper). Here we wish to briefly comment on the "relativity of simultaneity".
First in 1900 [5], and in a more detailed manner in 1904 [6], Poincarii introduced the synchronization of clocks in an
inertial frame by exchange of light signals. In 1902, he explicitly noted the conventional character of the notion of
simultaneity [7]. However, Poincarii did not explicitly comment on the relativity of the simultaneity which is thus
defined (i.e., on the fact that observers in different inertial frames will disagree on the temporal ordering of events
that are separated by a space-like interval), and he designated the time defined by clock synchronization in the ether
frame as the "true time". This has been often taken to mean, that "Poincarii's theory was not really relativistic". As
stated by Hertz about Maxwell's theory, however, "a [physical] theory is defined by the set of its equations". Since the
equations of Poincarit's papers [2,4] are the equations of SR (as one may easily recognize once modern notations are
substituted for Poincarii's [3]), it follows that Poincarii's theory is physically identical to SR. Yet it is true that
Poincarif's version of SR differs from Einstein's at the meta-physical level, in that Poincarii prefers to consider that,
only in one among the infinitely many inertial frames, the measured "local time" does coincide with the "true time".

Thus, the physical theory of special relativity has been first proposed by Poincarii as the final touch on a
long work, all by ether theorists. Among those, the most important ones were certainly Lorentz and Poincarii,
therefore we may call the ether version of SR the "Lorentz-Poincarii ether theory". This may be characterized as the
theory according to which the ether is an inertial frame E in which Maxwell's equations are valid, and such that any
material object that moves through E undergoes a "true" Lorentz contraction. (Here, "true" means: as evaluated in the
frame E and, in particular, using the "true" simultaneity defined with the "true time".) Now, precisely because the
Lorentz-Poincarii ether theory does lead to all equations of SR, it makes the ether indetectable. It may seem, then,
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that the concept of ether is not necessary to SR from a physical point of view, and hence that this concept may be
suppressed. (This was Einstein's opinion in 1905 [1], but not any more in 1922 [8].) But, apart from the important
fact that the Lorentz-Poincarii version has the advantage over Einstein's from the viewpoint of intuitive understanding
and "paradox" resolution [9,10], there is a fundamental reason why it might be necessary to adopt the former version.
As Lorentz and Poincarii themselves recognized, one day the relativity principle could be falsified by some
experiment. In a such case, the interpretation of SR as due to the Lorentz contraction might be saved: only that some
other physical phenomenon would intervene to break the Lorentz symmetry. But, clearly, Einstein's construct based
on the relativity principle as a universal starting point could not survive. Some physicists consider the possibility that
the Lorentz symmetry might be a low-energy limit in particle physics [11]. The present author is investigating another
possibility — namely, that the ether might be detected by its gravitational effects. Thus, the relativity principle would
be valid in SR only because the gravitational field is neglected there, and the correct theory of gravitation would be a
preferred-frame theory. (Already in Einstein's general relativity (GR), the Lorentz symmetry, as symmetry acting on
the space-time manifold itself, is broken by gravitation i.e. by space-time curvature, but no a priori preferred frame
does exist in GR.) As we shall see, the investigated theory, while still not proved entirely viable, has passed all the
tests to which it has already been possible to confront it, and it has some positive points as compared with GR.

1.2. The second reason to reintroduce an ether is to make quantum theory and gravitation theory compatible.
It seems to become more and more apparent that the search for "quantum gravity", i.e. for a quantized version of GR,
leads to unsolvable difficulties. But the difficulties begin actually before one tries to quantize GR: there are different,
incompatible ways to extend quantum mechanics of material particles and non-gravitational fields to the situation
with gravitation. To the author's knowledge, there is not a unique way to write even the free Klein-Gordon equation in
GR. If one tries to simply rewrite the free K-G equation in a covariant way, one is faced with the problem that
covariant derivatives do not commute, which leaves different, non-equivalent possibilities, since the K-G equation is
second-order. If one starts from the relation for the invariant length of the 4-momentum (g"" p, p, = mo’ ¢*) and tries
to rewrite it as an operator equation using the standard quantum correspondence, one is confronted with the fact that
(i) there are no preferred coordinates (x“) in GR, and (ii) even in a given coordinate system (x*), the quantum
correspondence is ambiguous when applied to the above relation, because the latter contains g“" that depends on the
coordinates x” : since the momentum and position operators do not commute, the operator on the left-hand side
depends on the order in which the products are written. However, in the preferred-frame theory which will be
presented in this contribution, there is only one extension of the free K-G equation to the situation with gravitation,
and the way of extension has a general form that should allow to propose an extended equation also for different wave
equations [12]. There are general arguments according to which a "preferred space-time foliation", i.e. an ether, might
allow to extend quantum theory to the situation with gravitation [13-14]: here we have the beginning of a concrete
realization of this pro-gram. Finally, in the context of the investigated ether theory, the indication is that there is no
need for a quantization of gravitation whatsoever [12], which would be an elegant solution to the problem ...

1.3. A third reason for trying a very different theory of gravitation is just as one possibility to solve some serious
problems that exist in GR as a theory of gravitation:

i) The unavoidable existence of singularities in GR, e.g. in gravitational collapse and in cosmology. In GR, one is
enforced to give a physical status to such catastrophical predictions as the one according to which a very massive star
must end its life in a point singularity, as also to that other one, which states that the whole Universe started from a
point singularity. Such predictions can hardly be considered plausible. In the case that different theories could explain
experimental facts while avoiding such "physical singularities", one certainly should prefer them over GR. And some
alternative theories do avoid singularities. For instance, the "relativistic theory of gravitation" (RTG), developed by
Logunov and coworkers [15-16], predicts that the collapse of a dust sphere begins with an implosion (as in GR), but
then the implosion is stopped and is followed an explosion (in the case of a massive graviton) [17]. Just the same kind
of "bounce" (though with different details) is predicted in the same situation by the proposed ether theory (without
any graviton) [18]. It should be noted that the end in a singularity and the formation of a black hole are two different
things. It is well-known that black holes, defined as objects from which no material object — even light — can escape,
were predicted within Newton's theory. Moreover, some observed characteristic features in spectra might reveal the
real existence of astronomical black holes [19]. In the investigated ether theory, it turns out that a kind of black hole
is formed during the second (exploding) stage of the "collapse" in free fall, in the sense that a photon emitted inside
the body would take an infinite time to get out [unpublished result]. In cosmology also, there is no singularity in the
investigated theory (see Section 4 below).
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ii) The problem of the interpretation of the gauge condition in GR. Tt is now widely known that the Einstein
equations of GR (together with appropriate boundary conditions) do not determine unambiguously one Lorentzian
metric y on a given space-time manifold V (this was well-known to Einstein [20]). Instead, the Einstein equations
determine an equivalence class of couples (V, y) modulo the equivalence relation " (V, y) ~ (V', ¥') if there is a
diffeomorphism of V onto V' that transforms y to y'. " [13-14, 20-22] In short, it means that "points of space-time
(events) are not individuated apart from their metrical properties." [20] But it would be extremely difficult to
implement this mathematical interpretation in the solution of concrete physical problems. Instead, when calculating
the predictions of GR for gravitational effects on light rays, or for celestial mechanics, one considers more or less
explicitly that the space-time manifold V is given, and one uses the Einstein equations, plus a gauge condition (four
scalar equations, often the De Donder-Fock "harmonic condition") to determine the Lorentzian metric y on that
manifold [23-26]. In other words, one augments the Einstein equations with four equations. To the author's
knowledge, it has not been attempted to establish a precise link with the former interpretation of GR. In the static case
with spherical symmetry, and with the usual boundary conditions (ensuring that the behaviour is "Galilean at
infinity"), it has been proved that the physical predictions do depend on the particular solution of the Einstein
equation which is chosen [16]. To escape that situation, one would have to implement the former mathematical
interpretation in the solution of physical problems — a formidable task — or, alternatively, one may try to justify the
selection of a particular gauge condition once and for all. The latter solution is close to the RTG. In the RTG, a
generally-covariant form of the harmonic condition is derived from specific assumptions, including that of a flat
"background metric" [15-16]. In the scalar theory envisaged here, as in the RTG, the space-time manifold is given
and it is endowed with a flat "background metric" v’ — but, due to the scalar character, there is no need for a gauge
condition.

ili) The necessity to postulate unseen matter in order to explain observed motions at large scales. The curves
indicating the rotation velocities v of stars (resp. of galaxies) around the centre of their galaxy (resp. of their cluster
of galaxies), as a function of the distance 7 to the centre, are puzzling in regard of standard gravitation theory, i.e. GR,
which, for that matter, is replaced by Newton's theory (as a weak-field limit): v does not fall off quickly enough with
r, and instead remains nearly constant up to very large distances. This could be compatible with standard gravitation
theory only if huge amounts of unseen matter were present. After enormous efforts, it now seems that well-identified
candidates for that "dark matter" are far to be found in sufficient amounts. May be it is simply standard gravitation
that fails at the scale of galaxies and beyond [27]. In the scalar ether-theory, there are preferred-frame effects and,
although these effects are very small for usual tests in the solar system (as it will be precised in § 3.1 below), they are
likely to play a more significant role at the scale of a galaxy: the reason is the very long time scales involved, of the
order of 10® years, that should allow these effects to accumulate.

2. Principles of the theory

2.1. Ether as a perfect fluid and the preferred reference frame

In the investigated theory, a concept of the ether as a perfect fluid is considered. This concept is used in a
semi-heuristic way: by some deductions from this concept, a self-consistent set of equations is proposed. It is this set
of equations that has then to be assessed on the basis of the physical predictions that it implies, and their comparisons
with observations. The author does not adhere to a purely realistic view of physics, but is closer to a constructivist
one (in the sense discussed by Lipkin [28]), and, unlike Romani [29], he does not think that a simplistic idea as that
of a perfect fluid of Newtonian mechanics could account for all phenomena in the physical Universe. Yet he believes
that there is some truth in the analogy discussed below, and that this truth is deep enough to hope that a good model
of gravitation may be derived from it. According to this analogy, the ether or rather the "micro-ether" would be a
space-filling perfect fluid, continuous at any scale, so that neither temperature nor entropy can be defined for that
fluid, thus a barotropic fluid for which a one-to-one relationship between pressure and density must exist, p, = p.(0.)
[29]. Material particles should be organized flows in that fluid, such as vortices, which may be everlasting in a perfect
fluid [29]. (Due to the lack of place, we shall not discuss further that very interesting idea here, although it plays a
role [18,30] in arriving to equation (2.2) for the gravity acceleration.) But, at the same time, the average motion of
that fluid defines a preferred reference body or "macro-ether", which plays the role of the Lorentz-Poincarii rigid
ether. This is a new feature [30-32] as compared with Romani’s concept [29]. Formally speaking, one starts from
space-time as a flat (or possibly constant-curvature) Lorentzian manifold V, endowed with its natural metric 'yo. In
what follows, we shall assume that it is flat, for simplicity. Then, the Lorentz-Poincarii ether is one particular inertial
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frame for the flat metric yo; this means that there is a global chart (coordinate system)l 7 : X > (x) from V onto the
arithmetic space R*, such that (5’ w) = () = diag(l, -1, =1, —1) in the chart y, and such that the three-dimensional
body (manifold) "macro-ether", denoted by M, is the set of the world-lines " x' = Const = &' (i = 1, 2, 3), x°
arbitrary. " Thus each point of M may be defined by a 3-vector x = (x'). The ratio ¢ = x/c is called the "absolute
time", where ¢ is a constant (the velocity of light). The assumption that M is defined by the average motion of the
fluid micro-ether may be expressed formally as follows: let u, = dx/dz be the absolute velocity of the micro-ether; the
asymptotic volume average of u, at point XeM,

(U, Yy = 1lim g fo, my 1 AV/(4TRY/3) 2.1)

is well-defined and zero at any x [32]. Here, B(x, R) is the Euclidean ball with radius R, centered at x, and 7 is the
Euclidean volume measure, both referring to the Euclidean metric g° defined on the space M by g° ;7= Oy in the chart

7. The global reference frame defined by all observers bound to the macro-ether is the preferred frame of the theory,
and shall be denoted by E.

2.2. Basic equations for the field of ether pressure

In this Subsection, we provisionally assume that mechanics can be formulated directly in terms of the
Euclidean metric g° and the absolute time ¢ (see § 2.3). The gravitation force is tentatively interpreted as Archimedes’
thrust in the fluid ether. This leads to define a "gravity acceleration vector" g as follows [18,30]:

_ gradp,
Pe

Although derived from that tentative interpretation, eq. (2.2) is taken as an exact phenomenological equation of the
theory. Note that it implies that p, and p, decrease towards the attraction. Moreover, since the gravitational force
varies only over macroscopic distances, p, and o, must be the macroscopic pressure and density in the fluid ether.
Because Newtonian gravity (NG) propagates with infinite velocity, it must correspond to the special case where the
fluid is incompressible, p, = p.o = Const. From eq. (2.2), it follows that Poisson's equation and the whole of NG are
exactly recovered in that case, if and only if the field p, obeys the following equation:

Ap.=4n G p pPu, (2.3)

where p is the mass density and G is Newton’s gravitational constant. But, in the proposed theory, the fluid is
barotropic, hence NG must be recovered asymptotically in situations where the effect of the compressibility can be
neglected. Now any motion of massive bodies causes a disturbance in the gravitational field, thus in the field of ether
pressure p,, and, with a compressible ether, this disturbance in the field p, cannot propagate instantaneously and
instead should propagate as a pressure wave, so that a non-static situation is obtained. Therefore, the limit where NG
is a correct approximation must correspond to quasi-static situations. On assuming, moreover, that the ether is
conserved and that the disturbed motion of the ether, i.e. its motion with respect to the "macro-ether" which defines
the preferred frame, obeys Newton's second law, one is led to the following equation for the general, non-static
situation [30]:

2.2)

2
usz (2.4)
c? ot ppe '

e

1
Ap. =%

where ¢, = ¢, (p.) is the velocity of the pressure waves — i.e., of the gravitational waves — in the barotropic ether.
(But that new theory differs from NG, hence G cannot have exactly the same significance and value as in NG.)

2.3. Principle of equivalence between the metric effects of motion and gravitation

In the Lorentz-Poincarii version of special relativity, the Lorentz contraction is interpreted as a real contraction
of all material objects in motion with respect to the ether. In the same way, the time period of a clock moving in the
ether is interpreted as really dilated (furthermore, this "time-dilation" may be seen as a consequence of the Lorentz
contraction [9]). Thus, there are real absolute effects of motion on the behavior of clocks and meters, i.e. absolute
metric effects of motion. Similarly, in the scalar ether theory of gravitation, there are absolute metric effects of

'Latin indices vary from 1 to 3 (spatial indices), Greek indices from 0 to 3.
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gravitation and, moreover, those latter effects are derived from the former ones. Gravitation is seen here as a variation
in the ether density p, [see eq. (2.2)], and a variation in the "apparent" ether density indeed occurs in a uniform
motion, due to the Lorentz contraction: for an observer having a constant velocity u with respect to the ether, a given
volume of ether has a greater volume, because his measuring rod is contracted in the direction u, thus the apparent
ether density is lowered. This leads us to state the following assumption [18, 31]:

(A) In a gravitational field, material objects are contracted, only in the direction of the field g = —(grad p.)/p. , in
the ratio B = p. /p.* < 1, where p,% is the ether density at a point where no gravity is present, and the clock periods
are dilated in the same ratio.

(Recall that p, decreases in the direction g. Therefore, p,” is formally defined as the upper bound:

P () =Sup xem P2, X), 2.5)

which must be finite.) This assumption is made for objects and clocks bound to the macro-ether; in general, one has
to combine the metric effects due to motion and gravitation. Due to the space-contraction of measuring rods in the
direction g, the "physical" space metric g (that measured with physical instruments) in the preferred frame E becomes
a Riemannian one. The contraction occurs with respect to the Euclidean metric g°, introduced in § 2.1. The dilation
of the clock periods in a gravitational field implies that the local time t,, measured by a clock at point x bound to the
frame E, flows more slowly than the absolute time ¢ :

do/dt= At x),  B=plt,x)/p (1) (B<]). (2.6)
Equation (2.6); implicitly assumes that the absolute time ¢ is "globally synchronized" [33]. Thus, it is assumed that
the physical space-time metric y satisfies

ni=00G=1,2,3) 2.7

in any coordinates (x*) adapted to the frame E and such that x” = ¢¢ with ¢ the absolute time. ("Adapted coordinates"
are such that any particle bound to the given reference frame has constant space coordinates [34].) As a consequence
of (2.7), we have in such coordinates:

Equation (2.6) is equivalent to say that, in any such coordinates,
o = B (2.9)

Moreover, the notion that material particles are just organized flows in the fluid "micro-ether" leads to assume that
their velocity cannot exceed the velocity of pressure waves in the compressible ether, ¢, [29,31]. Since SR (which
must apply "locally" in the proposed theory, though not exactly in the same sense than in GR) gives the other limit c,
one must have ¢, = ¢ (everywhere at any time), and this implies [31]:

Pe=C P, (2.10)
which was also assumed by Romani [29]. Thus, the waves of small disturbances of the ether pressure, i.e. the
gravitational waves, propagate with the velocity of light.

As a consequence of assumption (A), the basic equations (2.2) and (2.4) are now assumed valid in terms of
the "physical" metric g and the "local time" #:

grad, p, ; i O J ~
g=——"", (gadgg)'=9'—, (g)=g7, @.11)
e Ox
A 1 o°p, 4nG 2.12)
-—— =4nGo p,, .
gPe 2ot} Pe

X

where

j g =det (gy), (2.13)

Ag ¢=divg gradg ¢ = \/_ﬁ (\/_g”
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2 1 7

—= —, (2.14)
oty p(x)ot
and where o is the mass-energy density in the preferred frame, precisely defined by [32]
o=(T": ’=cn), (2.15)

where T is the mass tensor (i.e. the energy-momentum tensor of matter and nongravitational fields, expressed in mass
units) and with x° = ¢z as the time coordinate.

2.4. Dynamical equations

Motion is governed by an extension of Newton’s second law [32]: for a test particle, it is written as

Fo+ m(v)g = DP/Dt,, (2.16)
where Fy is the non-gravitational force and v is the modulus of the velocity v of the test particle (relative to the
considered arbitrary frame F), the velocity v being measured with the local time #, synchronized along the given
trajectory [33,35] [# is given by eq. (2.6) if the preferred frame of the present theory is considered, thus if F = E] and
its modulus v being defined with the spatial metric h in the frame F (thus h = g if F = E):

visde/dt,, v=[h(v,v)]">=(h; v v/)" (2.17)

Moreover, m(v) = m(0).y, = m(0).(1 — v2/c2)_1/2 is the relativistic inertial mass, P = m(v) v is the momentum, and
D/Dt, is the derivative of a spatial vector appropriate to the case where the Riemannian spatial metric h varies with
time. In particular, with this derivative, Leibniz’ rule for the time derivative of a scalar product v.w = h(v,w) is
satisfied [32,33]. With the gravity acceleration g assumed (in the preferred frame E) in the theory [eq. (2.11)], the
extended form (2.16) of Newton’s second law implies Einstein’s motion along geodesics of metric y, but only for a
static gravitational field; however, (2.16) may be defined in any reference frame, and also for metric theories like GR:
for those, one adds to the g of eq. (2.11) a certain velocity-dependent term, which gives geodesic motion in the
general case [33].

Equations (2.11) and (2.16) define Newton’s second law in the preferred frame, for any mass particle. It is
thereby defined also for a dust, since dust is a continuum made of coherently moving, non-interacting particles, each
of which conserves its rest mass. It then mathematically implies, independently of the assumed form for the space-
time metric y provided it satisfies y,; = 0 in the preferred frame, the following dynamical equation for the dust, in
terms of its mass tensor T*"= p*U"U" (with p* the proper rest-mass density and U” = dx*/ds the 4-velocity) [36]:

™., =b" (2.18)
Here b, is defined by

1 ; 1
_ Jjk _ - 0k
by(T) = 7 9ol , b(T)=- ) ol (2.19)
(Indices are raised and lowered with metric y, unless mentioned otherwise. Semicolon means covariant
differentiation using the Christoffel connection associated with metric y.) Equation (2.18), with the definition (2.19),
is assumed to hold for any material continuum: accounting for the mass-energy equivalence, this is the expression of

the universality of gravitation. Equation (2.18) is valid in any coordinates (x") that are adapted to the frame E and

such that x° = ¢ (f) with  the absolute time.
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3. Current status of the observational confrontation

We shall review below the question whether and how the scalar ether theory passes the different tests that may
currently be imposed on an alternative theory of gravitation.

3.1. The theory should give very nearly the same predictions as Newtonian gravity (NG), in the
numerous observational situations where NG has proved to be extremely accurate. To check this point and other ones,
an asymptotic post-Newtonian approximation (PNA) has been developed for that theory [37], thus a set of asymptotic
expansions of the unknown fields, and of equations for the coefficients of the expansions. The expansions are in
terms of a dimensionless small parameter & which may be defined by

£= (Un /e <<1, (3.1)
where Uy, is the maximum value of the Newtonian potential U in the considered gravitating system [23,25]. The
effective small parameter entering the equations is actually the square &, thus U, /c%. It is found that the equations
of the zero-order PNA are just the equations of NG [37], and since the next order is &7, the difference between the
predictions of NG and the ether theory is of the order . This may be checked by assuming instead a first-order
expansion in & which also reduces to NG [38]. Now, for the solar system (in which the tests of NG have been
performed, indeed a high number of tests), the parameter & is approximately equal to 107, hence this is the order of

magnitude of the relative difference between predictions of NG and the scalar theory in the solar system. The same is
true for GR.

3.2. The next crucial test is the study of gravitational effects on light rays, because those effects constitute the
best-verified corrections of GR to NG [26]. a) The prediction, by GR, of the gravitational redshift, depends [24] on
the expression

7o =1-2U/c*+0(") (3.2)
for the coefficient ¥ of the time-independent metric generated by a massive body, in a reference frame moving with
that body — which is also true in the scalar ether theory [39], and on the assumption that the proper frequency is
everywhere the same, independently of the gravitational field. This assumption is consistent with the present theory as
well, because the laws of nongravitational physics (e.g. Maxwell equations [40] or Klein-Gordon equation [12]) are
expressed in terms of the "physical" metric y, not in terms of the flat metric y°. b) The other two effects on light rays,
i.e. the light deflection and the time delay, are obtained from Schwarzschild's motion, again in the reference frame
moving with a massive body, here assumed spherical [24]. This also holds true in the present theory, even if one
accounts for the motion of the spherical body through the "ether" of that theory — up to 0(6‘3) terms which play no
role in the first corrections to NG for light rays [39]. (Note that the first corrections of GR to NG are those that have
been tested for light rays [23-25].)

3.3. The explanation of Mercury's residual advance in perihelion is essentially due, in GR, to the fact that
Schwarzschild's motion is predicted for test particles in a static, spherically symmetric gravitational field [24]. Since
this is also true for the present theory [18,32], there is good hope that it should be also explained by the latter. But
here the situation is less simple, because preferred-frame effects do affect the motion of mass test particles already at
the first PNA [37] — in contrast to what is found [39] for photons. Therefore, if the velocity of the solar system
through the "ether" of the theory is of the order of 107 ¢, as one a priori expects, and if it were correct to take the
first-approximation (i.e., zero-order) predictions as given independently of the theory of gravitation — and hence to
take these terms from Newtonian calculations — then the theory would not explain Mercury's perihelion.

However, the zero-order equations of motion for the mass centers (thus the equations of NG) contain some
parameters o that cannot be measured to sufficient accuracy independently of the celestial-mechanical calculations:
the masses of the planets, some higher-order multipoles of the mass density, and also the initial conditions (position
and velocity). This means that celestial mechanics based on some theory of gravitation, e.g. GR, proceeds to a fitting,
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in which a number of observational data (transit circles, radar ranging, efc.) are input data, and in which the unknown
parameters (including the zero-order parameters o, thus including the first-approximation masses) are output data
[41-42]. As for any similar situation, the predictive capacity of different theories must then be assessed in a subtle
way, by comparing the least-squares residuals and also by trying different sets of input data. Now, since the
equations of celestial mechanics obviously depend on the theory, it follows that the unknown parameters, including
the first-approximation parameters a’, do also depend on the theory. One may show, more precisely, that those values
of the first-approximation parameters that are optimal for the second approximation should differ from their
"Newtonian" values by second-approximation corrections [43]. (The "Newtonian" values of the first-approximation
parameters are obtained by a fitting using merely the equations of the first approximation, i.e. the equations of NG.)
The consequence of this reasoning is that one cannot tell what is the exact orbit of, say, Mercury, according to a new
theory, until one has done the global fitting based on that new theory. As regards the scalar ether theory, the equations
of motion for the mass centers in the second approximation have been obtained, and a tentative algorithm for doing
the fitting has been proposed [43]. The equations involve only one second-approximation parameter, and this is the
velocity V of the gravitating system through the ether (hence a vector parameter). Thus, the fitting shall tell what
should be the value of V in order to minimize the residual, in other words it will measure the velocity of the solar
system through the ether assumed in the theory. That will be a very technical calculation for a crucial stake. The
numerical implementation is in progress and the author hopes to get meaningful results in a few monthes from now
(October 2000).

3.4. A more recent duty for a theory of gravitation is to explain the observed timing between radio pulses
received from some binary pulsars, especially from the 1913+16 pulsar. The companion of the pulsar, that
makes it a binary pulsar, is usually not seen, and is detected from rather short-range fluctuations in the time intervals
between pulses. What must in particular be explained is the longer term drift that leads to a decrease in the average
time intervals. One natural way to explain that decrease is to assume that the binary system loses energy due to its
relatively important production of gravitation waves (this, in turn, being due to the strong-field regime as compared
with the solar system). A timing model based on GR and its famous "quadrupole formula", expressing the loss of
energy due to gravitational radiation, has been very successful in reproducing the observed timing between pulses
[44]. Here also it is a fitting procedure, the main observational input being just the observed pulse timing. It turns out
that, in the scalar ether theory, a formula very similar to the quadrupole formula of GR can be obtained for evaluating
the gravitational energy radiated at large distance, if the mass center of the gravitating system is at rest in the ether
(see the outline of the derivation in Ref. 45). In particular, this is indeed an energy loss, and there are neither
monopole nor dipole terms. This makes it likely that pulsar data could be nicely fitted also in the investigated theory,
although one will have to account for a possible velocity of the mass center in the preferred frame.

3.5. Finally, there are precision tests of the equivalence principle [26]. As it appears from the equation for
continuum dynamics, eq. (2.18) with the definition (2.19), the scalar ether-theory agrees fully with the principle of the
universality of gravitation. Moreover, eq. (2.18) coincides with the equation based on Einstein's equivalence principle
(EEP), T*",,= 0, in the case that the gravitational field does not depend on time — which is the case investigated in
the analysis of tests of EEP [26]. For these two reasons, it is likely that the new theory passes the existing tests more
or less as does GR, but one day it should be possible to experimentally decide between EEP and the form of the
equivalence principle that applies to the new theory, namely an equivalence between the absolute metric effects of
motion and gravitation [18, 31].

4. Original predictions of the scalar ether-theory

4.1. In § 1.3, point i), i t has been pointed out that the theory both aveids a singularity in gravitational
collapse and yet predicts a kind of black holes.
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4.2. The scalar theory has been applied to study the evolution of a homogeneous Universe [45]. Energy and
momentum of the Universe are conserved. The theory predicts that the cosmic expansion must be accelerated, as is
currently observed [46-47]. It says that: either the Universe follows an infinite sequence of symmetric contraction-
expansion cycles with bounded density (the most likely case, since otherwise nothing can be predicted after some
finite cosmic time from now). Or it follows one such cycle. Or still, there is only expansion, with unbounded density
in the past. There is no singularity with infinite density: The energy density remains finite for any (finite) value of the
cosmic time, in all scenarios. However, an infinite dilution is predicted in a finite cosmic time from now, also in all
scenarios.

4.3. This ether theory indeed predicts preferred-frame effects in celestial mechanics, as pointed out in
§ 3.3. In a first stage, such effects represent a risk for the theory, because they are of the same order of magnitude as
the "relativistic effects". More precisely, preliminary calculations indicate that the preferred-frame effects are likely
to be somewhat larger than the relativistic effects, even for Mercury, if the relevant "absolute velocity" is of the order
107 ¢. (In any case the preferred-frame effects shall be very small, at most some ppm of the Newtonian contribution.)
It is therefore not a priori obvious that the theory will be able to account for celestial mechanics in the solar system
with a comparable accuracy to that which is reached with standard GR. Clearly, a negative answer would be a weak
point for the theory. (Recall, however, that the predictions of the theory are indistinguishable from the standard
predictions of GR for light rays, as deduced from Schwarzschild's metric: see § 3.2.) However, in the case that a
reevaluation of the parameters of celestial mechanics (including a reevaluation of the masses of the Sun and planets,
though by very small corrections) should turn out to allow a small residual with observations, then it would become
extremely interesting to investigate what the preferred-frame effects exactly are, e.g. in the solar system. In particular,
since accurate observations are all recent, the adjustment and the accurate test of the theory shall concern a relatively
very short period of time — one or two centuries at most, say. Over a long time span, however, it is likely that the
secular part of the preferred-frame effects of the ether theory should give to the solar system an aspect differing
significantly from what is found from NG. For the same reason (the accumulation of secular preferred-frame effects
over hundreds of millions of years), the galactical dynamics predicted by the ether theory is probably quite different
from Newtonian predictions. One should investigate the question whether this could be a substitute for dark matter.

4.4. The scalar ether theory predicts reversible matter creation/destruction in a variable
gravitational field. In special relativity, the energy conservation for an isolated system of point particles (assumed
e.g. to interact merely during collisions) leads to the possibility of creating new particles, and in such events the sum
of the rest-masses is not conserved in general. This is routinely observed in particle accelerators. Thus, one would a
priori expect that, in a "relativistic" theory of gravitation involving the mass-energy equivalence, the rest-mass should
not be conserved in general and that, more specifically, matter might be produced or destroyed by exchange with the
gravitational energy, in a variable gravitational field. However, in relativistic theories of gravitation based on EEP,
the dynamical equationis T,",, =0, *and this equation implies the following one for an isentropic perfect fluid [48]:

(p*UY;v =0, (4.1
where p* is the proper rest-mass density, and U" the four-velocity. A "truly perfect” fluid should be isentropic, and
(4.1) means that the rest-mass is conserved for such a fluid, thus in nearly all relativistic theories of gravitation. But,
in the scalar ether-theory, we have eq. (2.18) instead of 7", , = 0. Hence, mass non-conservation is expected in that
theory. And indeed one finds [36] that, for an isentropic perfect fluid, eq. (4.1) is replaced by:

, I+p/ p* ul f
(P*U ) (l"‘ pz p j: L 3 ,0’ S =)k (4.2)
v c 27 f

% In GR, this equation is also a consequence of the Einstein equations. In the RTG, the same equation holds true for the latter
reason, although EEP does not apply.
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(p is the fluid pressure and /7 s its internal energy per unit rest-mass). Ref. 36 includes a rather detailed discussion of
the thermodynamical constraints and a critical analysis of the way in which matter creation is usually introduced in
cosmological models. For a weak gravitational field, the creation rate (the amount of rest-mass that is produced in the
unit volume during the unit time) deduced from eq. (4.2) is found to be:
. _pJU
r= ct ot

in which the time derivative of the Newtonian potential must be taken in the preferred frame. If the absolute velocity

(4.3)

V of the solar system is of the order of 300 km.s™', the main contribution to & U/Jt is that which is due to this
translation through the ether. This leads to extremely small creation/ destruction rates: for instance | p | /p < some

10> s near the surface of the Earth. This seems hard to detect. The creation/destruction would yet reach much
higher rates inside dense astronomical objects (already inside the Sun, actually), thus it might play an important role
in astrophysics.
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