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Abstract

We take for granted that gravitational waves exist, but examine critically the possibility for their direct observation with ground and space-based laser interferometers. It is argued that the detection of gravitational waves can, at least theoretically, be achieved iff three requirements are met en bloc. On the other hand, if the dimensionless amplitude of gravitational waves is related to the so-called dark energy, gravitational wave astronomy may be impossible in principle.
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1. Introduction

The failures to detect Gravitational Waves (GWs) have a long, and clearly symptomatic, history. Ever since the first unsuccessful effort by Joseph Weber in the late 1960s, the proponents of this (highly questionable, as we shall see later) enterprise have been suggesting new, improved techniques for ‘noise reduction’ and ‘improved sensitivity’, while the underlying presumptions about the very possibility for detecting ‘the ripples of spacetime metric’ have not been ques​tioned. It is firmly believed that an accelerating or oscillating mass, or system of masses, would produce GWs, just as an accelerating or oscillating charged particle will radiate electromagnetic waves. The introduction of such “analogies” from electromagnetism into Einstein’s General Relativity (GR) requires adopting a crucial linear approximation of GR, as acknowledged by the proponents of GW astronomy (Flanagan and Huges 2005). However, in the exact formulation of GR there is no possibility for GWs, as demonstrated by Hermann Weyl (Weyl 1944) and Angelo Loinger (Loinger 2005, 2002).

To the best of our knowledge, no efforts have been made so far by the proponents of GW astronomy to investigate whether the alleged propagation of GWs could be just an artifact from the linearized approximation of GR itself, after introducing analogies from electromagnetism, which do not, and cannot hold in the exact formulation of GR (Weyl 1944). In the latter the ‘ripples of spacetime metric’ do not, and cannot carry any real energy (Loinger 2002).

This peculiar attitude of ignoring the exact formulation of GR has not changed even after the recent failures to detect GWs (LSC 2005), which haven’t been interpreted as a warning signal for possible fundamental flaws in the very idea of GW astronomy, but as a helpful estimate for the desired ‘sensitivity level’ for detecting GWs with the forthcoming Advanced LIGO, which is expected to be operational by 2007, with more than a factor of 10 greater sensitivity than initial LIGO. Even more alarming is what seems to be ‘the Plan B’ of GW astronomy: should LIGO fail again, there is hope to detect GWs with the three satellites of LISA (currently in its "Phase A", in NASA parlance), which are expected to be launched in 2013 or shortly thereafter.

There is certainly great enthusiasm among the proponents of GW astronomy, and the ultimate argument has always been the binary pulsar B1913+16 (Schutz 2005). But what if we’re dealing with some quantum-gravitational phenomenon, such that GWs exist but cannot be directly observed? Is there a possibility, albeit a very speculative one, that the amplitude of GWs could originate from the unknown “dark” stuff in the universe, such as the dark energy? If there is a ban on direct observation of the dynamics of this “dark” stuff, then such ban might render the direct observation of GWs impossible as well.

We will try to explore these tantalizing questions both because of the straight record of failures to detect GWs in the past forty years and because the exact formulation of GR can accommodate just 4 per cent of the stuff in the universe; the rest is still a “dark” secret (Linder 2005). Perhaps the time has come to initiate a dialogue, before embarking on even more expensive projects, such as the Big Bang Observer, the Advanced Laser Interferometer Antenna in Stereo, and the Laser Interferometer Space Antenna in Stereo (….).

So, are gravitational waves directly observable? Any decisive answer to this question requires elaborating on two possibilities, in the format: Yes, provided  [A]  holds, and No, provided  [B]  holds. After all, we aren’t arguing over some aesthetical values of a painting or a song. Both the proponents and the opponents should be able to ‘put their cards on the table’ by explaining, in the clearest possible way, the conditions and circum​stances under which the two alternative answers can be verified. Thus, we will obtain two sets of statements:

P: {(Ap  YES), (Bp   NO)} , where P stands for ‘proponents’, and 

O: {(Ao  YES), (Bo  NO)} , where O stands for ‘opponents’

If we are doing science, we should be able to reach a full consensus, Ap = Ao, and Bp = Bo, after which the opponents and proponents of GW astron​omy will be able to engage in constructive and fruitful scientific discussion, with inevitable winners: all of us.

The format of the proposed discussion is as follows. In Sec. 2, we will recall the assumptions of the linearized approximation of GR and the analogies brought into it from electromagnetism, and will examine three crucial consequences. We very much hope that the response from the established LIGO community won’t be offered in the format ‘you are wrong, because your arguments contradict what you have initially rejected’. This would constitute a serious logical error, since we don’t accept the framework of LIGO Scientific Collaboration (LSC): neither the linearized approximation of GR nor the introduction of analogies from electromagnetism. Instead, we shall expose three inevitable consequences from the framework of LSC, in subsections 2.1 – 2.3, and will offer LSC the chance to defend their framework by finding solutions to their problems, in the format (Ao  YES). In Sec. 3, we will deliver our opinion in the format (Bo  NO), namely, we will argue over a hypothetical case that could render GW astronomy impossible in principle. We will suggest the most general, in our opinion, operational definition of ‘dark stuff’, by elaboration on its relativistic status. This would enable us to both explain the remarkable effectiveness of calculations used in modeling the data from binary pulsar B1913+16 and defend our opinion that GWs cannot be directly observed. Finally, a brief summary of the discussion and some thoughts on the quantization of spacetime in canonical quantum gravity will be offered in Sec. 4.

2. The benefit of the doubt

There is a famous saying from Confucius: The hardest thing of all is to find a black cat in a dark room, especially if there is no cat. Let us grant LSC the benefit of the doubt, and suppose that there is indeed a black cat in the dark room.

Question is, what are the “tools” used by LSC to catch the dark cat? They use analogies from electromagnetism, as mentioned earlier, under the stipulation that the linearized approximation of GR is not just an effective calculation tool, but can also be employed for addressing the fundamental hurdles of GR: the propagation of GWs ‘within themselves’.
Firstly, let’s recall the crucial assumptions in the linearized approximation of GR (Flanagan and Hughes 2005):

2. The basic basics: Gravitational waves in linearized gravity

The most natural starting point for any discussion of GWs is linearized gravity. Linearized gravity is an adequate approximation to general relativity when the spacetime metric, gab, may be treated as deviating only slightly from a flat metric, ab :

gab =  ab + hab,
||hab|| << 1.





(2.1)

Here  ab  is defined to be diag(-1, 1, 1, 1) and ||hab|| means “the magnitude of a typical non-zero component of hab”.

Note that the condition ||hab|| << 1 requires both the gravitational field to be weak, and in addition constrains the coordinate system to be approximately Cartesian. We will refer to hab as the metric perturbation; as we will see, it encapsulates GWs, but contains additional, non-radiative degrees of freedom as well.

In linearized gravity, the smallness of the perturbation means that we only keep terms which are linear in hab – higher order terms are discarded. As a consequence, indices are raised and lowered using the flat metric  ab. The metric perturbation hab transforms as a tensor under Lorentz transformations, but not under general coordinate transformations.

All this can hardly qualify as “an adequate approximation” to GR. It is utterly unclear how these “additional, non-radiative degrees of freedom” can be safely distilled from the genuine metric perturbations (if any) caused by GWs. The obvious “merits” of such linear approximation is that, for weak waves, “it is possible to define their energy with reference to the "background" or undisturbed geometry, which is there before the wave arrives and after it passes” (Schutz 2005 p 317), which creates the impression that some kind of reference object can be legitimately introduced (we will focus on this issue in Sec. 2.1). Even more alarming, in our opinion, is the elimination of the essential feature of the gravitational field: the non-linear effects of gravity. Unlike light waves in Maxwell’s linear theory, GW energy acts as a source of gravity itself. This unique ‘self-acting’ feature of gravity makes all matter fields ‘self-interacting’ as well. Any classical field configuration will possess certain amount of energy, hence will curve the spacetime, coupling the field to itself (Padmanabhan 2001).

Thus, in order to ‘catch the dark cat’, the non-linear effects of GW energy have to be included, not eliminated, in the theory ab initio. Actually, they cannot be shielded in principle (Norton 2005):

There is one big difference between the Maxwell field and the gravitational field: the non-universality of the electromagnetic charge-current vector versus the universality of gravitational stress-energy tensor. Because charges occur with two signs that can neutralize each other, a charge-current distribution acting as a source of an electromagnetic field can be manipulated by matter that is electrically neutral and so not acting as a source of a further electromagnetic field; and one can shield against the effects of a charge-current distribution. Because mass comes with only one sign, all matter (including non-gravitational fields) has a stress-energy tensor, no shielding is possible, and any manipulation of matter acting as a source of gravitational field will introduce an additional stress-energy tensor as a source of gravitational field. A glance at Bohr and Rosenfeld 1933 shows how important the possibility of neutralizing the charges on test bodies is for measurement of the (averaged) components of the electric field with arbitrary accuracy, for example. This difference may well have important implications for the measurement of gravitational field quantities.

Secondly, all measurements and statements are relative; hence we must supply an answer to the question ‘with respect to what?’ The first off task will be to partition the ‘dark room’ of Confucius into [dark room without the dark cat] and [dark cat occupying the rest of the dark room]. Thus, we introduce a Schnitt (cut) needed to observe GWs or ‘the dark cat’ with respect to some [dark room without the dark cat] undisturbed by GWs. Following the explanation offered by Rainer Weiss (Weiss 2003), if LIGO were Manhattan, then the Schnitt (cut) separating the undisturbed Harlem from Man​hattan will be Central Park North.

The first wave of problems follows immediately: how do we separate Harlem from Manhattan? They are simultaneously blasted by GWs, like kids dancing in a discotheque. Besides, since GWs carry real energy localized in regions (not at points), what would be the recoil of Harlem on these GWs? Aren’t we actually trying to log “online” on the bi-directional talk of matter and geometry, after John Wheeler (…)? Is it possible to detect a continual chain of states of LIGO’s arms, each one of them being the “end result” from this talk? Also, since GWs propagate ‘within themselves’, and (supposedly) with the speed of light, how can we record the bi-directional talk by real-time observations in the right-hand side of Einstein equation?

Let’s make one step at a time.
2.1. The non-uniform part of GWs

According to Bernard Schutz, there should exist some non-uniform part of GWs, which “acts in such a way that one section of an appa​ratus is affected by gravity differently than another” (Schutz 2005 p 310). Recall also that, in the linear approximation of GR, it is possible to define GW energy “with reference to the "background" or undisturbed geometry, which is there before the wave arrives and after it passes” (Schutz 2005 p 317). This is, in essence, the crucial reference object with respect to which LSC has defined the observable, gauge-invariant properties of GWs (Flanagan and Hughes 2005).

On the other hand, GW energy is a genuinely non-local entity by the virtue of the Equivalence Principle (Aldrovandi et all 2002):

An ideal observer in a gravitational field is locally equivalent to an ideal observer in the absence of gravitation, while an ideal observer in a gauge field will always feel its presence. At least two ideal observers are needed to detect gravitation, but only one is enough to detect an electromagnetic field. In this sense gauge fields are local, and gravitation is not.

Now we can formulate our first statement:

(Ao  YES)1: If any member of LSC can introduce two distinguishable ideal observers to both the non-uniform part of GWs and the "background" or undisturbed geometry, then LSC would be able, at least theoretically, to perform real-time observations of GWs.

To explain the problem, we shall refer to Roger Penrose (Penrose 2004 p 467):

The energy-momentum of empty space is zero, so the gravitational wave energy has to be measured in some other way that is not locally attributable to an energy ‘density’. Gravitational energy is a genuinely non-local quantity.

The problem is encoded in the phrase ‘in some other way’, and we hope some LSC member would explain what are the non-local features (if any) of detecting GWs with laser interferometers. If there are none, we would be glad to be informed about the limitations from the lack of such non-local measurements.

Needless to say, the problem is far more severe, since the so-called empty space is packed with “dark energy” (Linder 2005); more on this highly non-trivial task in Sec. 3.

2.2. Longitudinal and transverse quadrupole modes

B. Schutz writes: “Gravitational waves produce tidal accelerations only in directions perpendicular to the directions they are traveling in” (Schutz 2005 p 311).

Let’s pin down the notion of ‘direction of GW propagation/scattering’. If we take this ‘direction’ to match the expansion of spacetime metric along the cosmological time arrow (driven with constant acceleration by the so-called dark energy), then B. Schutz himself has provided a simple explanation for the failures of LIGO to detect GWs – see the “rubber-band” model of the expansion of spacetime, Fig. 24.3 (Schutz 2005 p 349). Obviously, tidal accelerations “across the band” are outside the scope of gravitational wave astronomy.

It is hardly surprising that the viewpoint of B. Schutz and his LSC colleagues is different, since they have chosen a different interpretation of ‘direction of GW propagation’: in the 2-D ‘elastic mesh’ metaphor offered by Rainer Weiss, the simultaneous stretching and squeezing along X and Y originates from the transverse Z axis, in Cartesian coordinates (Weiss 2003). However, once we extend the space to three dimensions (from elastic mesh to elastic sponge, say), we have a gauge-dependent coordinate “time” parameter, and expect to make real-time measurements of GWs in this same coordinate “time” parameter, by ‘stretching and squeezing’ the 3-D space (sponge). This is a whole new ball game, since we operate with one entity, called 4-D spacetime continuum. Some pretty obvious questions follow.

How can an axis transverse/perpendicular to the 3-D space accommodate the effects of gravity with GWs and without GWs? How can it sieve the “blueprints” from GWs? B. Schutz argues that “the force of the Moon comes from the curvature of time” (Schutz 2005 p 310), and “the deformation produced by the Moon is partly directed towards the Moon (the longitudinal direction), whereas gravitational waves are transverse” (Schutz 2005 p 311). In other words, the strain of GWs – the relative deformation of the distance between two idealized, “point-like” test particles, which is proportional to the dimensionless amplitude of GWs – must strictly avoid the longitudinal direction and keep strictly “transverse”.

But how are we supposed to separate these “two” directions? We have only one time parameter, the coordinate “time” in GR (Butterfield and Isham 1999), and no “extra” (or bulk) space dimensions. Moreover, where would we place the (“dark”?) amplitude of GWs?

It is hard to resist the temptation to place the GW amplitude  h   across the “rubber-band” (cf. above), and leave to Bernard Schutz and his LSC colleagues the burden of suggesting any other interpretation of their mysterious "dimensionless number"  h  (Schutz 2005 p 321).

[To be continued]
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