astro-ph/9909340 20 Sep 1999

Extreme path accumulation corrections to cosmological and neutrino wave propagation

V Guruprasad prasad@watson.ibm.com

Extremely weak en route losses, due to diffraction and absorption by non-paraxial objects, accumulate sufficiently on the cosmological scale to resolve Olbers’ paradox, and could be contributing to dark matter, primeval galaxies and solar neutrino measurements.

PACS 98.80.-k, 97.10.Yp, 95.35.+d, 97.10.Ri, 26.65.+t

Keywords Path corrections, Olbers’ paradox, dark matter, primeval galaxies, solar neutrinos

I. OVERVIEW

High-z photons and solar neutrinos share the property that they pass immense number of potential obstructions en route to earth, the first, through space and the second, through the intensely dense particulate matter within the sun, and even the weakest interactions with these objects should cumulatively produce detectable effects. This is never the case with photons and neutrinos produced on earth, which have a lifetime of only a few seconds, and in circumstances allowing only a few interactions, before detection. The high-z photons and the solar neutrinos can thus tell us about interactions that would be impossible to measure on earth.

Two such mechanisms are considered here, diffractive attenuation and absorption, due to objects lying off the direct ray, becoming measurable only in the cosmological and solar neutrino contexts because of the extreme accumulation. Their significance lies in implying

A. that the very presence of other (visible) matter in the universe is sufficient to make the attenuation exceed r^{−2}, and thereby resolving Olbers’ paradox even in a static and dust-free infinite universe;

B. that all radiation gets partially held back around the source and could be contributing to dark matter;

C. that selective attenuation due to absorption by such objects can alter the spectral character sufficiently to make the high-z galaxies appear primeval; and

D. that these effects are inevitable within the sun and could account for the attenuation and spectral shift of the solar neutrino flux, respectively.

Olbers’ paradox (A) and the high-z character of primeval galaxies (C) currently pose serious difficulties for “tired light” and other alternative theories that seek to explain the cosmological redshift differently from the standard model. The present mechanisms seem to undermine this stance, yet they are inescapably predicted by traditional theory, and therefore deserve further investigation.

Their dark matter contribution (B) may not turn out to be the complete solution, but appears sufficient enough to perturb the existing models, and hence the currently unexplained magnitudes. Additionally, judging from (D), these mechanisms could turn out to be the wave-theoretic picture of neutrino interactions, since the large-mixing-angle MSW theory seems to finally explain the known solar neutrino problems [1].

II. OFF-AXIS DIFFRACTIVE LOSS CORRECTION

The first mechanism points to a small but fundamental error in our ordinary intuition of the propagation of light, neatly paraphrased by Olbers’ statement in 1826 [2]:

If there really be suns in the whole of space, and to infinity, and if they are placed at equal distances from each other... their number must be infinite, and the whole vault of heaven should appear as bright as the Sun; for every line which may be supposed to emanate from our eye towards the sky, would necessarily meet a fixed star, and thus every point of the sky would bring us a ray of sideral, or what is the same thing, of solar light. (Fig. 1)

In other words, we assume that the attenuation suffered by sideral light is only that caused by its spreading in all directions in three-dimensional space, u(r) = u_0 4π r^{−2}, (1)

u_0 denoting the source intensity and r, the radial distance from the source, which is exactly cancelled by a uniform infinite distribution of stars. Today we know of several reasons that together make the night sky dark, viz. the nonuniformity of the stellar distribution, scattering by the intervening dust, the cosmological redshift, and so on [3], but these are incidental to the issue that the inverse-square law (eq. 1) is valid on the cosmological scale only for static electric or magnetic fields, as shown next.

The conclusion stems from the classical diffraction of light [4, §8], which is best described by Huygens’ principle that every point on a wavefront acts as a point source of secondary wavelets, whose envelope forms the wavefront at a later instant. In the cosmological context illustrated in Fig. 2, the mere presence of another star (A), not necessarily on the direct path from a given star (O) to the earth (E), suffices to obstruct a portion of the wavefronts from the given star, thereby subtracting the secondary wavelet contribution of that portion, shown by the broken line AE in the figure, from the received amplitude.

Clearly, the obstruction of a portion of the wavefront by A must somehow result in a subtraction of energy arriving at E, but this direct argument cannot be precise, as the diffraction integrals determine the phase more than the amplitude. For instance, we know from Fresnel diffraction theory that a paraxial obstruction can raise the intensity at certain points, while lowering it at others. Eventually, we would expect to insert a random obstruction function Z and random phase function Φ into the Fresnel-Kirchhoff diffraction integral, to describe the distribution of stars and galaxies, obtaining a stochastic integral of the form

u_E = − iu_0 2λ Z A e^{ik(ri+ro)+iΦ(ξ,η)} r_ir_o δ(ξ, η) Z(ξ, η) dξ dη, (2) for the intensity received on earth, r_i and r_o denoting the distances OA and AE, respectively, ξ and η, orthogonal coordinates over the surface of integration S, and δ, a function of the form (cos θ_i + cos θ_o), where θ_i and θ_o are the angles of incidence and exit made by OA and AE on S, respectively. The phase factor in the integrand makes it impossible, however, to prove that a net reduction of ‖u_E ‖ would occur whenever Z is non-zero.

The trick is to consider not the subtraction of off-axis contributions to the direct ray, but the subtraction from it of similar contributions which go to fill the shadows behind the obstructions. Huygens’ principle says that the direct ray spreads at every point, rectilinear propagation ordinarily resulting because of exact compensation due to similar spreading from the neighbouring rays. When these rays are obstructed, the compensation is lost, which means that spreading always occurs as a result and the loss is always positive.

In Fig. 2, for instance, we consider a distant receiver C, in the shadow of a second obstruction B placed further from O than the earth. If C is sufficiently far, the earth (E) would appear to be paraxial from C:̸ BCE → 0. In that case, the diffractive illumination of C by indirect rays like OB^′C must subtract from the intensity reaching earth along the direct earth ray OE. Importantly, these rays (OB^′C) are necessarily in-phase with the direct earth ray OE, hence the subtraction is always real.

The loss can be approximated by considering a uniform distribution, as before, but in shells around the source instead of the receiver on earth. A shell of radius r and thickness dr contains, on average, n · 4πr^2dr obstructing objects, n being their average number density over the universe. If the average diffractive cross-section of these objects be σ, the energy per unit angle of the wavefront at r + dr would be less than the incident energy at r by σn · dr, leading to the exponential decay u(r) = u_0 4π e^{−αωr} r^2

, (3) where α ≡ nσ, recalling that the angle of diffraction, and thence the subtraction due to it, would increase linearly with frequency. Implied thus is that the more distant sources as such contribute less than their fair share expected in the paradox, which therefore inherently vanishes regardless of all other mechanisms considered in prior theory.

Conversely, eq. (3) implies that the luminescent objects appear progressively dimmer with their distance, over and above the r^{−2} and dust extinction factors currently taken into account. It appears, therefore, that our current star counts needs to be revised upward to compensate for this off-axis loss factor.

III. EVANESCENT DARK MATTER

As illustrated by the diffractive path OB^′C in Fig. 2, the attenuation loss αω represents radiant energy being scattered by diffraction into transverse directions, and no longer travelling radially from the source. In particular, the diffracted rays on opposite sides of an obstruction should eventually meet and interfere, as indicated by the rays OB^′C and OB^{′′}C in the figure, forming transverse stationary waves, whose nodes and antinodes are precisely those familiar in Fresnel diffraction theory. The energy is still moving radially away from O, but no longer fully at the speed c, so these transverse stationary modes in effect hold back some energy, like the evanescent modes familiar in prism optics and waveguide theory. The energy held back must acquire a rest mass and gravitate, per relativity theory. By the symmetry of the spherical wavefunctions, the rest mass should be centred on the very source, but exponentially distributed in accordance with eq. (3).

This extended distribution means that the “light mass” becomes gravitationally active only at a distance. Very close to the parent star or galaxy, where the light is still moving away, the orbital influences on the immediate planets and neighbouring stars would be proportional to the mass of the parent itself. At large distances, however, the mass of the evanescent light adds to the gravitational pull of the parent, in precisely the manner of the dark matter inferred from the larger scale motions.

The quantum picture supports the possibility that this could indeed be the solution of the dark matter mystery. The exponential profile, eq. (3), is recognisable as the Klein-Gordon eigenfunction for particles of rest-mass m = h̄ω α c , (4)

so that every sideral photon bears rest-mass centred at its source even as it arrives on earth. More importantly, as the rest-mass contribution increases with the frequency, X-rays and gamma-ray emissions must add substantially to the effective mass of a galaxy. In particular, it becomes meaningful to speculate that the gamma-ray photons could be contributing more than an eV of rest-mass each, matching that required of neutrinos to close the universe in current theory.

The mechanism should be equally operative when the off-axis obstruction is not fully opaque, but absorbs or scatters only at some frequencies, as is typical of nebular matter. For example, in Fig. 2, if the body B comprises nebular gases, only a few frequencies along the off-axis ray OC would be blocked, and at these, one would still get diffractive illumination at C, powered by subtraction from the direct earth ray OE. As there seems to be ample opportunity in intergalactic space for such partial off-axis losses, we must account for them in eq. (3), obtaining u(r, ω) = u_0(ω) 4π e^{−[αω+β(ω)]r} r^2

, (5)

where β(ω) is the average loss due to nebular and other off-axis partially absorptive matter at frequency ω.

Since the absorption spectrum which gets subtracted from that of the received light, is itself characteristic of the off-axis matter, the mechanism has the potential to make high-z objects appear uniformly primeval, provided only that the off-axis matter passed en route is not. It is to be noted that the argument does not require all or most of the off-axis matter to be younger: it suffices if any non-zero fraction happens to be younger, which is of course the case with the real universe. It thus seems possible and likely that the primeval spectral appearance of at least some of the high-z galaxies may be largely an artifact of this off-axis spectral subtraction.

Finally, both mechanisms need to be also considered in the computation of neutrino propagation within the sun and the earth, given the immense numerical density of off-axis particles that the neutrinos pass by. There is similarity to the optical case that justifies this conjecture, in that the neutrino cross-sections are as much smaller than the average nucleon or electron, as individual photon cross-sections are relative to entire stars, galaxies and nebulas, as considered above.

IV. CONCLUSION

Two mechanisms affecting wave propagation in the real universe, have been described that could explain Olbers’ paradox, dark matter and the primeval galaxies at high-z, differently from the current perception in the standard model. These mechanisms are predicted by elementary wave diffraction principles as applied to path conditions permitting extreme accumulation of weak effects, and therefore need to be taken into account in both cosmology and neutrino physics.

ACKNOWLEDGMENTS

To my colleague A Joseph Hoane here at IBM Research for discussions leading to the primeval galaxy argument.

[1] J N Bahcall et al, Is Large Mixing Angle MSW the Solution..., hep-ph/9905220, Jul 1999. [2] W Olbers, Edinburgh New Phil J, 1, 141 (1826).

[3] F E Roach and J L Gordon, The light of the night sky, D Riedel Publ Co (1973). [4] M Born and E Wolf, Priniciples of Optics.

[5] E Wolf et al, Frequency shifts of spectral lines..., J Opt Soc Am A, Vol 6, No 8, Aug 1989.

FIG. 1. Olbers’ construction

FIG. 2. Off-axis diffractive attenuation