arXiv:1110.6171v1 [physics.gen-ph] 27 Oct 2011

WMAP, Planck, cosmic rays and unconventional cosmologies

Luis Gonzalez-Mestres^a

aLAPP, Université de Savoie, CNRS/IN2P3, B.P. 110, 74941 Annecy-le-Vieux Cedex, France

The claim by Gurzadyan et al. that the cosmological sky is a weakly random one where ”the random perturbation is a minor component of mostly regular signal” has given rise to a series of useful exchanges. The possibility that the Cosmic Microwave Background radiation (CMB) data present trends in this direction would have strong implications for unconventional cosmologies. Similarly, data on ultra-high energy cosmic rays may contain signatures from new Physics generated beyond the Planck scale. It therefore seems legitimate, from a phenomenological point of view, to consider pre-Big Bang cosmologies as well as patterns where standard particles would not be the ultimate constituents of matter and the presently admitted principles of Physics would not necessarily be the fundamental ones. We discuss here prospects for some noncyclic, nonstandard cosmologies.

1. Introduction

Is the Planck scale the ultimate fundamental scale, or is there new Physics beyond the Planck scale ? Is the standard Big Bang scenario the ultimate cosmological theory, or should it be modified taking into account a not yet explored pre-Big Bang era ? Are string patterns [1] the ultimate description of matter, or are they actually reminiscent of an underlying composite structure ? Can we experimentally find signatures from such a possible new Physics and Cosmology ?

The work by Gurzadyan et al. on CMB randomness [2], together with the paper by Gurzadyan and Penrose [3] considering the possibility that concentric circles in our CMB sky provide a signature of pre-Big bang black-hole encounters in a conformal cyclic cosmology (CCC), has led to an interesting and useful controversial debate [4,5]. But whatever the final conclusion, it would seem quite natural that possible pre-Big Bang physics manifests itself through WMAP [6] and Planck [7] data.

These considerations apply also to possible noncyclic cosmologies involving real new Physics beyond the Planck scale [10,11], that can potentially lead to signatures in WMAP and Planck data. Using these signatures, it would be possible to get some insight on Physics between the Planck scale and an ultimate fundamental scale.

Similarly, the properties of ultra-high energy (UHE) cosmic rays [8,9] may contain effects generated at an energy scale beyond Planck energy. A simple example can be obtained taking for a ultra-high energy particle the quadratically deformed dispersion relation [10,12]:

E ≃ p c + m^2 c^3 (2 p)^{−1}

− p c α (p c E^{−1}_a )^2/2 (1)

where E is the energy, p the momentum, c the speed of light, m the mass, α a constant standing for the deformation strength and E_a the fundamental energy scale at which the deformation is generated. Then, the deformation term Δ E ≃ − p c α (p c E^{−1}_a )^2/2 equals the mass term m^2 c^3 (2 p)^{−1} at a transition energy E_{trans} given by :

E_{trans} ≃ α^{−1/4} (E_a m)^{1/2} c (2)

For a proton, and taking α = 1, one would have E_{trans} = 5 x 10^{19} eV for E_a ≃ 2.8 x 10^{21} GeV, more than 200 times the Planck energy E_{P lanck}. A similar equation for a 10^{20} eV proton would yield E_a ≃ 10^3 E_{P lanck} .

Therefore, there exists serious motivation to explore possible pre-Big Bang and pre-Planck physics and cosmologies. In what follows, we discuss some proposals in this direction. 1

2. A new space-time geometry ?

Standard quantum field theory has been quite successfully formulated using four real space-time dimensions and the standard Lorentz group.

However, such a representation of spacetime cannot really incorporate spin-1/2 particles, which belong to a representation of the covering group SL(2,C). Although this has not been a major problem to formulate quantum field theory, full consistency of the picture would require that spin-1/2 particles be a direct representation of the space-time symmetry used. The problem remains if only space rotations are considered and a preferred reference frames is used, in which case the relevant covering group is SU(2).

For this reason, we suggested in 1996-97 [13] that space-time be described by two complex spinorial coordinates instead of the usual Lorentz real quadrivector. Then, given a spinor ξ, and considering the positive SU(2) scalar | ξ |^2 = ξ^†ξ where the dagger stands for hermitic conjugate, it is possible to define a positive cosmic time t = | ξ | in the (preferred ?) reference frame used. In this case, there would be a natural origin of space and time, ξ = 0. This leads to a naturally expanding Universe where the space at constant time t_0 is given by the S^3 hypersphere | ξ | = t_0. Space translations are described by cosmic SU(2) transformations acting on the constant-time spinor hypersphere, whereas space rotations are local SU(2) transformations acting on the translations (see the Post Scriptum to [10]).

More precisely, if ξ_0 is the observer position on the | ξ | = t_0 hypersphere, one can write for a point ξ of the same spatial hypersphere :

ξ = U ξ_0 (3)

where U is the SU(2) matrix : U = exp (i/2 t^{−1}_0 ⃗σ.⃗x) ≡ U(⃗x) (4) and ⃗σ is the vector formed by the Pauli matrices. The vector ⃗x can be interpreted as the spatial position vector of ξ with respect to ξ_0 at constant time t_0.

Then, a standard space rotation around ξ_0 is defined by the action of a SU(2) element U(⃗y) turning any U(⃗x) into U(⃗y) U(⃗x) U(⃗y)^†. The vector ⃗y provides the rotation axis and angle.

Cosmologically comoving frames correspond to spinorial straight lines through ξ = 0, whereas straight lines through ξ_0 describe conventional inertial frames.

Such a spinorial space-time automatically yields a ratio between relative velocities and distances at cosmic scale similar to standard cosmology [14,15] and equal to the inverse of the age of the Universe (the only available scale at that stage). This result, similar to those by Hubble and Lemaître, is obtained here on purely geometric grounds without introducing standard matter, relativity, gravitation or even specific space units. It is therefore tempting to conjecture that the use of a spinorial space-time leads to a simple solution of the cosmological constant problem and provides a natural alternative to conventional inflation, dark mater and dark energy scenarios.

Thus, as the present experimental value of the expansion rate of the Universe is close to that predicted by our space-time geometry, it seems worth exploring the possibility that recent data and analysis on the acceleration of the expansion of the Universe [16,17] actually describe a fluctuation generated by matter and gravity in the past, but not a long-term trend for the future. Gravitation would generate curved trajectories in the spinorial space-time and deform the expansion of standard matter. In this context, the need for dark energy appears far from obvious.

As the spinorial description of space-time seems particularly well adapted to account for the largescale properties of the Universe, the question of its link to matter needs to be raised. Since the orbital motion of standard matter cannot generate half-integer spins, possible new physics beyond Planck scale must be considered.

3. Unconventional preon models

As stressed in [10,18], the string picture originated from the dual resonance models of hadronic physics [19], and was initially interpreted [20] in terms of ”fishnet” Feynman diagrams involving quark and gluon lines. Similarly, present string models may actually be the expression of an underlying composite structure of standard matter. An important question is therefore that of the possible properties of the constituents of conventional particles, including their implications for the structure of the physical vacuum.

Although the first preon models [21] where based on a ”building block” picture without modifying the space-time geometry seen by the new ultimate constituents, the superbradyon pattern proposed in 1995 [22] introduced a radical change, suggesting that the critical speed of such constituents be much larger than that of light, just as the critical speed of standard particles is much larger than that of phonons in a solid. The standard particles would actually be excitations of a medium (the vacuum) made of more fundamental matter. Then, Lorentz symmetry and conventional quantum field theory would be just lowenergy limits.

Superbradyons (superluminal preons) provide an illustrative example of how new physics beyond Planck scale may differ from standard particle physics. As stressed in [10,18], standard relativity is far from being the only fundamental principle that can be questioned near the Planck scale or beyond it. Quantum mechanics or the conventional energy and momentum conservation may also fail at such scales.

Then, symmetries will not necessarily become more and more exact as the energy scale increases and masses can be neglected. It may happen instead that this behaviour of the laws of Physics holds only below some critical transition energy scale. Above this transition energy, observations would start being sensitive to new features of the particle internal structure and to properties of the real fundamental matter beyond Planck scale. The energy scale E_trans in (2) provides a simple example of such a transition in the case of special relativity and particle kinematics.

As suggested in the Post Scripta to [11], if the fundamental state of matter is superbradyonic, the Higgs boson does not need to be permanently materialized in vacuum, and similarly for the zero modes of the bosonic harmonic oscillators. It may happen that the relevant processes of standard quantum field theory be dynamically generated at the relevant frequencies by the superbradyonic vacuum only in the presence of conventional matter. This would in principle solve the cosmological constant problem. One may also expect modifications of the high-energy internal lines of Feynman diagrams when the energies of the virtual particles are much higher than those involved in the process considered.

Another issue [10] concerns standard causality and the relevance of space-like distances measured on a S^3 hypersphere. Between the above considered ξ_0 and ξ = U ξ_0, the position vector ⃗x is not the only way to relate the two points. The ”direct” spinorial separation Δξ = ξ − ξ_0 can also be considered, but the points of the spinorial straight line belong to the past as compared to ξ_0 and ξ. To explain the generation of spin-1/2 particles, one may assume that causality does no longer hold below a critical distance scale (Planck ?), and that Δξ describes then the actual physical position of ξ with respect to ξ_0. Thus, superbradyonic physics would naturally generate the half-integer internal angular momenta of standard particles.

Superbradyons and similar objects may exist in our Universe as free particles, in which case they are expected to emit ”Cherenkov” radiation in the form of standard particles [22] until their speed becomes close to c. They can then form a cosmological sea [10,11] and possibly be part of the dark matter. They would also modify the history of the early universe, provide an alternative to inflation and possibly leave signatures observable in WMAP and Planck data. As the superbradyon rest energy is m c^2_s, where c_s ≫ c is the superbradyon critical speed, one may expect spontaneous superbradyon decays to produce very high energy cosmic rays.

4. Conclusion and prospects

There exist serious reasons to pay attention to the possible detectable effects of noncyclic pre- Big Bang cosmologies and of the new Physics beyond the Planck scale that may be associated to these cosmologies. Such a task does not appear impossible. WMAP and Planck data, but also UHE cosmic-rays experiments, may provide relevant signatures.

The spinorial space-time geometry discussed here appears particularly well suited to provide the framework for a new theory of matter and of its ultimate constituents. Further work is needed in this direction.

REFERENCES

1. For recent reviews of the string model, see for instance S. Mukhi, Class. Quant. Grav. 28, 153001 (2011), http://arxiv.org/abs/1110.2569 ; C. Rovelli, http://arxiv.org/abs/1108.0868 ; J. Bedford, http://arxiv.org/abs/1107.3967 ; H. Sati and U. Schreiber, http://arxiv.org/abs/1109.0955 ; D. Tong, http://arxiv.org/abs/0908.0333 ; N. Mavromatos, Int. J. Mod. Phys. bf A 25, 5409 (2010), http://arxiv.org/abs/1010.5354 2. V.G. Gurzadyan et al., Astronomy and Astrophysics, 525, L7 (2011), http://arxiv.org/abs/1011.3711 3. V.G. Gurzadyan and R. Penrose, http://arxiv.org/abs/1011.3706 4. V.G. Gurzadyan, T. Ghahramanyan and S. Sargsyan, http://arxiv.org/abs/1104.5688 ; E. Poghosian, http://arxiv.org/abs/1107.3091 ; M. Frommert, R. Durrer and J. Michaud, http://arxiv.org/abs/1108.5354 ; V.G. Gurzadyan and A.A. Kocharyan, http://arxiv.org/abs/1109.2529 ; and references quoted in these papers.

5. A. Moss, D. Scott and J.P. Zibin, http://arxiv.org/abs/1012.1305 ; I.K. Wehus and H. K. Eriksen, http://arxiv.org/abs/1012.1268 ; V.G. Gurzadyan and R. Penrose, http://arxiv.org/abs/1012.1486 ; A. Hajian, http://arxiv.org/abs/1012.1656 ; J. Zuntz, J.P. Zibin, C. Zunckel and J. Zwart, http://arxiv.org/abs/1103.6262 ; W. Nelson and E. Wilson-Ewing, http://arxiv.org/abs/1104.3688 ; V.G. Gurzadyan and R. Penrose, http://arxiv.org/abs/1104.5675 ; H.K. Eriksen and I.K. Wehus, http://arxiv.org/abs/1105.1081 ; A.A. Kocharyan, http://arxiv.org/abs/1105.1625

; S.K. Naess, http://arxiv.org/abs/1105.5051 ; A.A. Kocharyan, http://arxiv.org/abs/1106.1004 ; and references quoted in these papers.

6. Wilkinson Microwave Anisotropy Probe (WMAP), http://map.gsfc.nasa.gov/ 7. Planck mission (European Space Agency, ESA), http://www.esa.int/SPECIALS/Planck/ 8. For recent news from the Auger Collaboration, see http://www.auger.org/ 9. High Resolution Fly’s Eye (HiRes), http://www.cosmic-ray.org/ 10. L. Gonzalez-Mestres, ”Cosmic rays and tests of fundamental principles”, talk given at the Cosmic Ray International Seminar, CRIS 2010, Nucl. Phys. B, Proc. Suppl., 212-213, 26 (2011), http://arxiv.org/abs/1011.4889 . The arXiv.org version includes a Post Scriptum discussing possible pre-Big Bang cosmology.

11. L. Gonzalez-Mestres, Invisible Universe International Conference, Paris, 29 June-July 2009, AIP Conf.Proc. 1241, 1207, http://arxiv.org/abs/0912.0725 ; http://arxiv.org/abs/0905.4146 ; and references given in these two papers. The arXiv.org versions contain relevant Post Scripta.

12. L. Gonzalez-Mestres, CRIS (Cosmic Ray International Seminar), La Malfa (Italy), September 2008, Nucl. Phys. B - Proc. Suppl. 190, 191, http://arxiv.org/abs/0902.0994 and references therein.

13. L. Gonzalez-Mestres, in The Identification of Dark Matter, Proceedings of the International Workshop, Sheffield, UK, September 1996, http://arxiv.org/abs/astro-ph/9610089 ; 28th International Conference on High Energy Physics, Warsaw (Poland) July 1996, http://arxiv.org/abs/hep-ph/9610474 ; http://arxiv.org/abs/physics/9702026 ; http://arxiv.org/abs/1109.6308 14. G. Lemaître, Ann. Soc. Sci.

Brux. A 47, 49 (1927), http://adsabs.harvard.edu/abs/1927ASSB...47...49L 15. E. Hubble, PNAS 15, 168 (1929), http://www.pnas.org/content/15/3/168 and references therein.

16. A.G. Riess et al., Astron.J. 116, 1009 (1998), http://arxiv.org/abs/astro-ph/9805201 ; S. Perlmutter et al., Astrophys.J. 517, 565 (1999), http://arxiv.org/abs/astroph/9812133 ; and subsequent articles.

17. See for instance R.A. Daly, Proceedings of the 2008 UCLA Conference ”Dark Matter and Dark Energy in the Universe”, AIP Conf.Proc. 1166, 81 (2009), http://arxiv.org/abs/0901.2724 , and references therein.

18. L. Gonzalez-Mestres, http://arxiv.org/abs/0908.4070 19. See for instance ”String Theory and Fundamental Interactions”, Lecture Notes in Physics 737, Ed. P. Di Vecchia and Jnan Maharana, Springer 2008.

20. H. B. Nielsen and P. Olesen, Phys. Lett. 32B, 203 (1970); B. Sakita and M.A. Virasoro, Phys. Rev. Lett. 24, 1146 (1970).

21. A. Salam, ”Gauge Unification of Fundamental Forces”, 1979 Nobel lecture, and references therein.

22. L. Gonzalez-Mestres, Proceedings of the Moriond Workshop on ”Dark Matter in Cosmology, Clocks and Tests of Fundamental Laws”, Villars, January 1995, Ed. Frontières, http://arxiv.org/abs/9505117 ; 4th TAUP Workshop, Toledo September 1995, Nucl. Phys. Proc. Suppl. 48, 131, http://arxiv.org/abs/9601090 ; http://arxiv.org/abs/physics/9704017