arXiv:physics/0602132 v1 20 Feb 2006

ARE WE OBSERVING VIOLATIONS OF LORENTZ SYMMETRY?

B.G. Sidharth International Institute for Applicable Mathematics & Information Sciences Hyderabad (India) & Udine (Italy) B.M. Birla Science Centre, Adarsh Nagar, Hyderabad - 500 063 (India)

Abstract

Recent observations of ultra high energy cosmic rays and gamma rays suggest that there are small violations of Lorentz symmetry. If there were no such violations, then the GZK cut off would hold and cosmic rays with energy ∼ 10^{20}eV or higher would not be reaching the earth. However some such events seem to have been observed. This has lead to phenomenological models in which there is a small violation of the Lorentz symmetry or the velocity of light. However recent Quantum Gravity and String Theory approaches which no longer consider a differentiable spacetime manifold already predict such violations. Similarly there are other theoretical reasons which also point to this. We briefly discuss the various possibilities.

1 The Fuzzy Spacetime Approach

In a recent communication Pavlopoulos [1] has suggested that we may already be observing a violation of Lorentz symmetry due to the observed time lags of cosmic gamma rays of different energies. In fact it has been suspected that this could indeed be the case from an observation of ultra high energy cosmic rays. In this case, given Lorentz symmetry there is the GZK cut off such that particles above an energy of 10^{20}eV would not be able to travel cosmological distances and reach the earth (Cf. ref.[2, 3] for details). However, it is suspected that some twenty contra events have already been detected, and phenomenological models of Lorentz symmetry violation have been constructed by Glashow, Coleman and others [4, 5, 6, 7, 8, 9]. The essential point here is that the energy momentum relativistic formula is modified leading to a dispersive effect.

We would like to point out that apart from observation based models such a result follows from a fundamental point of view in modern approaches in which the differentiable Minkowski spacetime is replaced by one which is fuzzy or noncommutative owing to a fundamental minimum length l being introduced. This is the case in Quantum Super String Theory and Quantum Gravity approaches (Cf.ref.[2]). Based on these considerations, we can deduce from theory that the usual energy momentum formula is replaced by (c = 1 = h̄) E^2 = m^2 + p^2 + αl^2p^4 (1)

where α is a dimensionless constant of order unity. This leads to a modification of the Dirac and Klein-Gordon equations at ultra high energies (Cf.ref.[2, 3, 10]). With this, it has been shown by the author that in the scattering of radiation, instead of the usual Compton formula we have k = mk_0 + α^{l2}_2 [Q^2 + 2mQ]^2

[m + k_0(1 − cosΘ)] (2) where we use natural units c = h̄ = 1, m is the mass of the elementary particle causing the scattering, ⃗k, ⃗k_0 are the initial and final momentum vectors respectively and Q = k_0 − k, and Θ is the angle between the incident and scattered rays. Equation (2) shows that k = k_0 + ϵ, where ϵ is a positive quantity less than or equal to ∼ l^2, l being the fundamental length. It must be remembered that in these units k represents the frequency. The above can be written in more conventional form as

hν = hν_0[1 + 0(l^2)] (3)

Equation (3) effectively means that due to the Lorentz symmetry violation in (1), the frequency is increased or, the speed of propagation of a given frequency is increased. As noted such models in a purely phenomenological context have been considered by Glashow, Coleman, Carroll and others. In any case what this means in an observational context is that higher frequency gamma rays should reach us earlier than lower frequency ones in the same burst. As Pavlopoulos reports (Cf.ref.[1]) this indeed seems to be the case.

Subject to further tests and confirmation, for example by NASA’s GLAST satellite to be launched shortly [11], spacetime at a micro or ultra high energy level is not a smooth manifold, brought out by this manifestation in for example (1).

2 Massive Photons

Recently the author deduced from theory that the photon has a small mass of ∼ 10^{−65}gms, this being consistent with the velocity of light and also with experimental limits on the photon mass as will be discussed below [12, 13]. Interestingly from purely thermodynamic reasoning Landsberg had shown that the above mass is the minimum allowable mass in the universe [14]. More recently from a completely unrelated point of view, it was shown by the author that this is the minimum allowable mass in the universe in a model where zero point oscillators at the Planck scale provide the underpinning for the universe [15, 2].

The derivation of the photon mass uses the fact that for the Langevin equation in the limiting case of low viscous resistance, a particle behaves like a Newtonian particle moving in the absence of any external forces with a uniform velocity given by

⟨v^2⟩ = kT m If in the above relation we use extreme values of the minimum thermodynamic temperature of the universe and the minimum mass, we recover the velocity of light. To be more specific we use the Beckenstein temperature given by T = h̄c^3 8πkMG with M ∼ 10^{55}gms, the known mass of the universe. This gives us the value T ∼ 10^{−28}K. For the minimum mass we use a result due to Landsberg (Cf.ref.[14]), and also the same result independently obtainable as noted above from a model of Planck oscillators, viz., m ∼ 10^{−65}gms

It ust be stressed that though the above equation for the average velocity square resembles the root mean square temperature equation of thermodynamics, it is in fact different. Moreover, this velocity would be maintained for the age of the universe and would be Lorentz invariant [16] (Cf.ref.[12] for details).

Let us briefly consider some of the consequences of the photon mass and also look for experimental verification, apart from consistency with theory. It may be remarked that the mass for the photon has been proposed in the past, though from phenomenological considerations [16, 17]. Indeed it is remarkable that exactly the above mass was indicated from experimental observation (Cf.ref.[18] and references there in), and has been attributed to a vacuum induced dissipative mechanism.

With a non zero photon mass we would have, for radiation

E = hν = m_γ c^2[1 − v^2_γ /c^2]^{−1/2} (4)

From (4) one would have a dispersive group velocity for waves of frequency ν given by (Cf. also ref.[18])

v_γ = c [ 1 − m^2_γ c^4 h^2ν^2 ]_{1/2} (5) We would like to point out that (5) indicates that higher frequency radiation has a velocity greater than lower frequency radiation. This is a very subtle and minute effect and is best tested in for example, the observation of high energy gamma rays, which we receive from deep outer space. It is quite remarkable that as pointed out, we may already have witnessed this effecthigher frequency components of gamma rays in cosmic rays do indeed seem to reach earlier than their lower frequency counterparts [1]. The GLAST satellite of NASA to be launched in 2006/2007 may be able to throw more light on these high energy Gamma rays.

This apart, a finite photon mass would imply a slight modification of the Coulomb interaction, which would go over into a Yukawwa type potential, this given by, (in natural units h̄ = 1 = c.) V (r) = e^{−μr} /r (6) where μ is the mass in these units. As can be seen from (6), the potential V has a finite range. However this range is ∼^1_μ which is ∼ 10^{28}cms, as can be easily calculated. This range is in fact the radius of the universe! Nevertheless this cut off does imply that there will not be any infra red divergences [19].

The range of the Yukawa type Coulomb potential being of the order of the radius of the universe, we would expect that the modification would be miniscule. Nevertheless from a strictly mathematical point of view, the photon mass converts the otherwise long range Coulomb potential into a short range Yukawa potential with the consequence that several otherwise strictly divergent integrals become convergent. It then becomes possible to use techniques suitable for short range potentials (Cf. for example [20, 21]). The rather laborious modifications required for handling the Coulomb potential in scattering theory (Cf. for example [22, 23]) can be eased. For instance there is an interesting recurrence relation for the large l phase shifts of the Yukawa potential [24] viz., δ_{l+1}/δ_l ≈ 1 − (μ/K) valid for a large range of energies K. This relation can now be used, though as μ is very small, it shows that the convergence of the phase shifts with respect to l is extremely slow.

Another result of the non zero mass of the photon is that in addition to the two traverse polarizations of light, there will be a longitudinal component also (Cf. for example ref.[25]). It must be remembered that all these effects are small and consistent with the size of the universe. Nevertheless there are experimental tests, in addition to those mentioned above, which are doable. It is well known that for a massive vector field interacting with a magnetic dipole of moment M, for example the earth itself, we would have with the usual notation (Cf.ref.[19])

A(x) = ı 2 ∫ d^3k (2π)^3

M × k e^{ık,x} k^2 + μ^2 = −M × ∇ ( e^{−μr} 8πr )

B = e^{−μr} 8πr^3 |M| {[ r̂(r̂ · ẑ) − 1 3 ẑ ] (μ^2r^2 + 3μr + 3) − 2 3 ẑμ^2r^2 } (7) Considerations like this have yielded in the past an upper limit for the photon mass, for instance 10^{−48}gms and 10^{−57}gms. Nevertheless (7) can be used for a precise determination of the photon mass. It may be mentioned here that contrary to popular belief, there is no experimental evidence to indicate that the photon mass is zero! (Cf. discussion in ref.[16]).

Finally, it is interesting to observe that the above value for the photon mass was also obtained by Terazawa [26], using the Dirac Large Number Hypothesis, something which is in fact a consequence of the Planck oscillator approach alluded to (Cf.ref.[2]).

3 The Finsler Spacetime Approach

In this approach not only the violation of GZK cut off in ultra high energy cosmic rays but also the anisotropy as indicated by data from COBE is taken into account. Then we have a Finsler metric [27, 28, 29], which in two dimensions can be written as x^′ = e^{rα} L(x), tan h̄α = u c (8) r being the anisotropy factor and L stands for the usual Lorentz transformation, which is not evident in (8) because there is only one space dimension. From observation it appears that

r ≥ 10^{−10}

Finally the Finslerian metric in three dimensions is given by

ds^2 = [ (dx^0 − dx^1)^2 (dx^0)^2 − (dx^1)^2 − (dx^2)^2 − (dx^3)^2 ]_r · [ (dx^0)^2 − (dx^1)^2 − (dx^2)^2 − (dx^3)^2 ] (9) It can be seen from (9) that there is a prefered direction like the x^1 axis in this special choice. The metric in (9) leads to a modified energy momentum formula which is given by [ (E/c − ⃗p · ⃗ν)^2 E^2/c^2 − p^2 ]_{−r} (E^2/c^2 − p^2) = m^2c^2(1 − r)^{1−r} (1 + r)^{1+r} (ν^2 = 1) (10)

In (10) the anisotropy direction is given by ⃗ν. As r is small, (10) simplifies to a form similar to (1), with suitable approximations.

4 Discussion

We would like to point out that a Lorentz symmetry violation would also imply a violation of the CPT invariance, though this could be expected only from high energies, the effect itself being small [30]. Indeed the modified Dirac equation (Cf.ref.[3, 10]) throws up a Lagrangian with a parity violating term. Specifically, this term in the Dirac Hamiltonian is γ^5lp^2, which is clearly CPT violating.

It must also be remarked that given a fuzzy spacetime or equivalently a noncommutative geometry, we can deduce the photon mass. It has already been pointed out that such noncommutativity of coordinates leads to a term in gauge theory which is similar to the symmetry breaking Higgs field term [2]. It is this term which in the case of U(1) electromagnetic field gives ∼ l^2. This is ∼ 10^{−66}gms, which as argued is the photon mass.

References

[1] Pavlopoulos, T.G., Physics Letters B, 625, 2005, p.13-18. [2] Sidharth, B.G., “The Universe of Fluctuations”, Springer, Netherlands, 2005.

[3] Sidharth, B.G., International Journal of Theoretical Physics, September, Vol.43 (9), September 2004, p1ff 2004.

[4] Gonzales Mestres, L., physics/9704017.

[5] Coleman, S., and Glashow, S.L., Phys.Rev. D., 59, 116008, 1999. [6] Jacobson, T., xxx.astro-ph/0212190. [7] Olinto, A.V., Phys.Rev., 333-334, 2000, pp.329ff. [8] Carroll, S.M., Phys.Rev.Lett., 87, 2001, pp.141601ff. [9] Nagano, M., Rev.Mod.Phys., 72, 2000, pp.689ff.

[10] Sidharth, B.G., “The Ultra High Energy Dirac Equation”, Int.J.Mod.Phys.E., 14 (6), 2005, pp.927ff.

[11] http://glast.gsfc.nasa.gov/

[12] Sidharth, B.G., Black Hole Thermodynamics and Electromagnetism, Foundation of Physics Letters, 19 (1), 2006, pp.87ff.

[13] Sidharth, B.G., “A Note on Massive Photons”, to appear in Foundations of Physics Letters.

[14] Landsberg, P.T., Am.J.Phys., 51, (1983), 274-275. [15] Sidharth, B.G., Found.Phys.Letts, 17 (5), (2004), 503-506. [16] Evans, M., and Vigier, J.P., “The Enigmatic Photon”, Kluwer Academic, Dordrecht, 1995, p.136.

[17] Bartlete, D.F., and Corlo, T.R., Phys.Rev.Lett, Vol.55, (1985), p.49. [18] Vigier, J.P., IEEE Transactions of Plasma Science, Vol.18, No.1, (February 1990), p.64-72.

[19] Itzkson, C., Zuber, J., “Quantum Field Theory”, McGraw Hill, New York, 1980, pp.134-138.

[20] Mott, N.F., and Massey, H.S.W., “The Theory of Atomic Collisions”, Oxford University Press, Oxford, 1965, pp.53-68.

[21] Joachain, C.J., “Quantum Collision Theory”, North-Holland Publishing Co., Amsterdam, 1975, pp.133-146.

[22] Sidharth, B.G., and Abdel-Hafez, A., Acta Phys.Pol, A 56, (1979), 577. [23] Sidharth, B.G., and Abdel-Hafez, A., Acta Phys.Pol, A 57, (1980), pp.287ff.

[24] Sidharth, B.G., J.Math.Phys., 24, (1983), p.878.

[25] Deser, S., Ann Inst. Henri Poincare,, Vol.XVI, Paris, Gauthier-Villors, (1972), p.79.

[26] Terazawa, H., Physic Letters, 101 B, (April 1981), pp.43ff. [27] Goenner, H.F., and Yu Bogoslovsky, Yu G., General Relativity and Gravitation, Vol.31, No.9, 1999, 1383-1394.

[28] Bogoslovsky, Yu G., and Goenner, H.F., General Relativity and Gravitation, Vol.31, No.10, 1999, 1565-1603.

[29] Bogoslovsky, Yu G., and Goenner, H.F., Physics Letters A., 244, 1998, 222-228.

[30] Don Colladay., Int.Mod.Phys.A., Vol.20, No.6, 2005, 1260-1267.