arXiv:1202.0469v1 [hep-ph] 2 Feb 2012

BAO-VA-07-2012

Extended Lorentz code of a superluminal particle

G Ter-Kazarian^∗ Byurakan Astrophysical Observatory Byurakan 378433, Aragatsotn District, Armenia

While the OPERA experimental scrutiny is ongoing in the community, in the present article we construct a toy model of extended Lorentz code (ELC) of the uniform motion, which will be a well established consistent and unique theoretical framework to explain the apparent violations of the standard Lorentz code (SLC), the possible manifestations of which arise in a similar way in all particle sectors. We argue that in the ELC-framework the propagation of the superluminal particle, which implies the modified dispersion relation, could be consistent with causality. Furthermore, in this framework, we give a justification of forbiddance of Vavilov-Cherenkov (VC)-radiation/or analog processes in vacuum. To be consistent with the SN1987A and OPERA data, we identify the neutrinos from SN1987A and the light as so-called 1-th type particles carrying the individual Lorentz motion code with the velocity of light c1 ≡ c in vacuum as maximum attainable velocity for all the 1-th type particles. Thereby, we treat superluminal muon neutrinos as so-called 2-nd type particles carrying the individual Lorentz motion code with the velocity c2 as maximum attainable velocity for all the 2-nd type particles. For the muon neutrinos mean energy Eν2 = 17.5 GeV, claimed velocity (vν2 − c)/c = 2.48 × 10^{−5}, and expected finite rest mass m0 ≈ 1eV /c^2, we obtain then c2/c ≈ 17.5 × 10^9.

PACS numbers: 03.30.+p, 11.30.Cp, 14.60.St

I. INTRODUCTION

The special relativity (SR) encodes Lorentz symmetry as a particular solution, so-called SLC, to make the interval defined in four-dimensional Minkowski spacetime an invariant for the transformation. This has as its crucial ingredient the universal maximal velocity of light in vacuum - the limiting velocity in Nature, remaining such for all the particles and in all inertial frames of reference. Earlier studies of the neutrinos from the supernova SN1987a, which is in the Large Magellanic Cloud at 51 kiloparsec from Earth, bound scenarios of modification of neutrino velocities. Due to the huge distance of the source of the neutrinos, any small effect would therefore be largely amplified by the long time of flight. These measurements set a stringent limit of (v_ν − c)/c < 2 × 10^{−9} for tens of MeV electron neutrinos [1]. Consequently, the MINOS collaboration [2] (with 735 km baseline and a broad neutrino energy spectrum peaked around 3 GeV) claimed the result β_ν −1 = (5.1±3.9)×10^{−5}, β_ν = v_ν /c, which agrees at less than 1.4σ with the speed of light. So it does not provide a strong evidence in favour of SLC violating effects. However, the OPERA collaboration has claimed instead a more precise result [3], which corresponds to a 6σ effect for super-luminal propagation for muonic neutrinos, thus confirming the MINOS results. The data released are made of 16111 events detected in OPERA and correspond to about 10^{20} protons on target collected during the 2009, 2010 and 2011 CNGS runs. The energetic muonic neutrinos ν_μ, mainly produced in the decay, π^± → μ^± + ν_μ(ν̄_μ), cross the Earth’s crust

∗Electronic address: gago˙50@yahoo.com

with mean energy of 17.5 GeV about 730 km from CERN to the Gran Sasso at a speed exceeding that of light (v_ν − c)/c = (2.48 ± 0.28(stat.) ± 0.30(sys.)) × 10^{−5} a significance of six standard deviations. Shortly after this a second test is also performed by using a beam with a short-bunch time - structure allowing to measure the neutrino time of flight at the single interaction level. The new analysis show consistent result with that at the first version. We deliberately forebear from any presumption of exotic hypothetical tachyonic or a pseudo-tachyonic behavior of superluminal neutrinos, which seems nowhere near true even though if one applies the Magorana’s [4] additional solution of Dirac equation with imaginary mass term. In this, a possible option for a causal description is to allow tachyons to be incorporated in the framework of absolute simultaneity for space-time events [5] or, equivalently, the existence of a preferred reference frame but, by its very existence, breaks Lorentz invariance. The dispersion relation for tachyons, E^2 −c^2⃗p^2 = −k^2c^4, leads to the large tachyonic mass of the OPERA muon neutrino: k ≈ 120 MeV/c^2. This result is entirely incompatible with the last quoted one determined from the kinematics of the pion decay at rest: π → μν_μ [6], which yielded m^2_ν c^4 = −0.016 ± 0.023 MeV^2 [7]. Furthermore, a tachyon may decay in number of exotic channels and so tachyonic beam would be distorted upon its arrival at the Gran Sasso. However, without ever referring to tachyonic physics, a hint to superluminal neutrino propagation, if correct, already clashes with the SLC of uniform motion of a particle at least for the following two crucial reasons. (1). A standard SR dispersion relation breaks down as the Lorentz factor γ = 1/ √ 1 − β^2 becomes imaginary number and the total energy cannot be positive definite. (2). A superluminal propagation violates the causality, so the CNGS beam may become GSCN when seen from a sufficiently boosted reference frame.

We begin by visualization of some properties of the violation of the causality principle in the context of OPERA experiment. Suppose that the measurement for both neutrinos and light involves two points on the X axis of the reference frame S of the Earth. That is, the superluminal muon neutrino beam is produced at the point A - by accelerating protons to 400 GeV/c with the CERN Super Proton Synchrotron(SPS), travels to the point B - OPERA detector at Gran Sasso Laboratory, with the velocity v_ν and at B produces some observable phenomenon, namely an identification of the τ−lepton created by its charged current (CC) interaction, which is the signature of direct appearance mode in the ν_μ → ν_τ channel. The starting of the neutrino travel at A and the resulting phenomenon at B thus are being connected by the relation of cause and effect. The time elapsing between the cause and its effect as measured in OPERA experiment is

Δt = t_B − t_A =^{xB −xA}_{vν} =^{730km}_{vν} ≃ 987.8ns, (1)

where x_A and x_B are the coordinates of the two points A and B. Now in another system S’, which is chosen so that the Cartesian axes OX and O’X’ lie along the same line and S’ has the velocity V < c with respect to S, the time elapsing between cause and effect would evidently be Δt^′ = t^′_B − t^′_A =^{tB − Vc2 xB√}_{1− V 2} c2 −^{tA − Vc2 xA} √ 1−^{V 2}_{c2} =^{1− vν Vc2} √ 1−^{V 2}_{c2} Δt. (2) Suppose

V = c(1 − 1.48 × 10^{−5}), (3)

then^{vν V}_{c2} would be greater than unity v_ν V c^2 ≈ 1 + 1 × 10

−5, (4)

and hence, Δt^′ becomes negative

Δt^′ ≈^{−1×10−5}

√_{1−(1−1.48×10−5 )2} Δt ≈ −1.82 < 0. (5)

In other words, for an observer in system S’ the effect which occurs at GS would precede in time its cause which originates at CERN. It is extremely hard to envisage a consistent theory having such a logical impossibility. It is not excluded, however, that the OPERA measurement report will eventually fail. Waiting for further developments, see e.g. [8–47], nevertheless it is extremely challenging to explain SLC apparent violations in a consistent theoretical framework. We have proposed what is perhaps the minimal change in this regard. We develop on the ELC of uniform motion which is a well established consistent and unique theoretical framework to explain SLC apparent violations. The possible manifestations of the latter arise in a similar way in all particle sectors. It should be stressed that a discovery of a superluminal particles would not invalidate the Einstein’s theory, as is notoriously claimed, but suggest an extension in the superluminal sector. Since in the framework of ELC a charged superluminal particle is allowed to propagate in vacuum with a constant speed v > c higher than that of light, then at first sight it seems that this particle will radiate VC-radiation until it is no longer superluminal. So, this and analog processes are absent below a characteristic energy and turn on abruptly once the threshold energy is reached and, therefore, beam of superluminal particles would be profoundly depleted as they propagate due to energy losses via the VC-radiation /or analog processes. But as we will see, in the ELC-framework the VC-radiation/ or analog processes of the superluminal particle propagating in vacuum are forbidden. We will proceed according to the following structure. In the next section, we explain our idea of what is the individual Lorentz motion code of a particle and lay a foundation of the ELC-framework. In this, a modification of the dispersion relation for superluminal particle is given. The causality principle for a superluminal propagation is dealt with in section 3, in particular it was studied in the context of OPERA experiment. In section 4, in the ELC-framework, we give a justification of forbiddance of VC-radiation/or analog processes of a superluminal particle propagating in vacuum. The concluding remarks are presented in section 5.

II. THE ELC-FRAMEWORK

The Lorentz transport equations are so constructed as to make the interval between the infinitely close to each other two events defined in Minkowski spacetime

ds^2 = (dx^0)^2 − (dx^1)^2 − (dx^2)^2 − (dx^3)^2 = inv, (6)

an invariant for the transformation, and from the equality of the infinitesimal intervals there follows the equality of the square of the ”length” of the radius four-vectors. Consider again two systems S and S’ in relative motion. A system S’ is chosen so that the Cartesian axes OX and O’X’ lie along the same line, also denote (x^1, x^2, x^3) ≡ (x, y, z). The Lorentz transformation always retains its general form x^{0′} = x^0chβ + xshβ, x^′ = xchβ + x^0shβ, y^′ = y, z^′ = z, chβ =^1√_{1−β2} , β ≡^x_{x0} . (7)

The standard SR theory encodes Lorentz symmetry as a particular solution (SLC-framework) to (6): namely introducing a notion of ’time’, for all inertial frames of reference S, S’, S”,..., we have then SLC-relations: x^0 = ct, x^{0′} = ct^′, x^{0”} = ct”, . . . , agreed with (7). Here, for further simplification we suppose that the startingpoint for ’time’ measurements in the two systems is taken so that t and t^′ are equal to zero when the two origins O and O’ are in coincidence. The SLC, in fact, is Einstein’s postulate that the velocity of light (c) in free space appears the same to all observers regardless the relative motion of the source of light and the observer. Treating the SLC entirely as properties of four-dimensional Minkowski space, it implies the velocity of light (c) to be universal maximum attainable velocity of a material body found in this space. Even though, if for a moment we take the light as a not interacting (unobservable) hidden physical state, nevertheless the SLC will hold and, as before, the velocity of light (c) will be maximum attainable velocity for all other particles. However, it is possible to preserve Lorentz covariance in a theory also with a formal general solution to (6), which can be obtained if the ’time’ at which event occurs is extended by allowing an extra dependence on the ’different type’ readings t_i (i = 1, 2, ...), which satisfy for all inertial frames of reference S, S’, S”,..., so-called ELC-relations:

x^0 ≡ c_1t_1 = · · · = c_it_i = . . . , x^{0′} ≡ c_1t^′_1 = · · · = c_it^′_i = . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (8)

agreed with (7), where c_1 ≡ c is the speed of light in vacuum, and c_i > c_1, (i = 2, 3...) are speeds of the additional ’light-like’ states, higher than that of light. These missing ingredients are the shortcoming of ELC-framework, which will be motivated elsewhere. Phenomenologically such ’light-like’ states can be easily accommodated if for now to think of them as being the hidden, or it may very well be that unobserved yet, states that constitute the ELC. This assumption has the important consequence that it may not be too unreasonable to link the existence of a different type readings t_i to the existence of a different type of particles. This will call for a complete reconsideration of our ideas of Lorentz motion code, to be now referred to as the individual code of a particle - as its intrinsic property. This observation allows us to lay forth a toy model of the ELC, at which SLC violating new physics appears. That is to say, the ith type particle in Minkowski space carries an individual Lorentz motion code with its own maximum attainable velocity c_i (’its own velocity of light-like state’). The clock reading t_i can be used for the i−th type particle, the velocity of which reads v_i = x/t_i = c_ix/x^0, so β = v_1/c_1 = . . . v_i/c_i = · · · ≡ v/c = x/x^0. If v_i = c_i then v_1 = c_1, and the proper time of ’light-like’ states are described by the null vectors ds^2_1 = . . . ds^2_i = · · · = 0. The extended Lorentz transformation equations for given i-th and j-th type clock readings can be written then in the form x^′ = γ(x − vt), t^′_i = γ^{cj}_{ci} (t_j −^{vj}_{c2j} x), y^′ = y, z^′ = z. (9) Hence, like the standard SR theory, regardless the type of clock, a metre stick travelling with system S measures shorter in the same ratio, when the simultaneous positions of its ends are observed in the other system S’: dx^′ = dx/γ. Furthermore, a time interval dt_i specified by the i−th type readings, which occur at the same point in system S (dx = 0), will be specified with the j−th type readings of system S’ as dt^′_j = γ(c_i/c_j )dt_i. Consequently, the modified transformation equation for velocity is v_i =^{ci}_{cj}^{v′j +Vj}_{1+ v}′_{j Vj} c2j . (10)

Here we have called attention to the fact that the mere composition of velocities which are not themselves greater than that of c_i will never lead to a speed that is greater than that of c_i. Inevitably in the ELC-framework a specific task is arisen then to distinguish the type of particles. This evidently cannot be done when the velocity ranges of different type particles intersect. To reconcile this situation, we note that, according to (8), we may freely interchange the types of particles in the intersection. Therefore, we adopt following convention. With no loss of generality, we may re-arrange a general solution that the particles with velocities v_1 < c_1, regardless their type, will be treated as the 1-th type particles and, thus, a common clock reading for them and light will be set as t_1. This part of a formalism is completely equivalent to the SLC-framework. Successively, the particles, other than ’light-like’ ones, with velocities in the range c_{i−1} ≤ v_i < c_i, regardless their type, will be treated as the i-th type particles and, thus, a common clock reading for them and ’light-like’ state (i) will be set as t_i. The invariant momentum

p^2_i = p_{μi}p^μ_i = (_{Ei} c_i )_2 − ⃗p^2_i = m^2_{0 i}c^2_i =

p^2_1 = p_{μ1}p^μ_1 = (_{E1} c_1

)_2 − ⃗p^2_1 = m^2_0c^2_1,

(11)

introduces a modified dispersion relation for i−th type particle:

E^2_i = ⃗p^2_i c^2_i + m^2_{0i}c^4_i = ⃗p^2_i c^2_i + m^2_{01}c^2_1c^2_i , (12)

where the mass of i−th type particle has the value m_{0 i}, when at rest, the positive energy is

E_i = m_ic^2_i = γm_{0i}c^2_i = γm_{01}c_1c_i, (13)

and ⃗p_i = m_i⃗v_i = γm_{0i}⃗v_i is the momentum. The relation (13) modifies the well-known Einsteins equation that energy E always has immediately associated with it a positive mass m_i = γm_{0i}, when moving with the velocity ⃗v_i. Having set the theoretical background, we now turn to discuss some consequences for the superluminal propagation of particles. The next sections are devoted mainly to these questions.

III. THE CAUSALITY PRINCIPLE FOR A SUPERLUMINAL PARTICLE

In the ELC-framework of uniform motion, the time elapsing between the cause and its effect as measured for the i−th type superluminal particle is Δt_i = t_{iB} − t_{iA} =^{xB −xA}_{vi} . (14)

In another system S’, which is chosen as before and has the arbitrary velocity V ≡ V_j with respect to S, the time elapsing between cause and effect would be

Δt^′_i =^{1−} Vj cj vi ci √ 1−^V 2 j c2j Δt_i ≥ 0, (15)

where according to (8), t_{iB} = (c_j /c_i)t_{jB} and t_{iA} = (c_j /c_i)t_{jA}. That is, the ELC-framework recovers the causality for a superluminal propagation, so the starting of the superluminal impulse at A and the resulting phenomenon at B are being connected by the relation of cause and effect in arbitrary inertial frames. This completes the theoretical discussion and we now turn to the SN1987A and OPERA experimental inputs. To reconcile these data, we identify the neutrinos from SN1987A and the light as the 1-th type particles, and the muon neutrinos as the 2-nd type superluminal particles. While, as discussed in the previous section, for the muon neutrinos mean energy E_{ν2} = 17.5 GeV and expected finite rest mass m_{01} ≃ 1eV/c^2_1 (c_1 ≡ c), the maximum attainable velocity c_2 for all the 2-nd type particles can be obtained as c_2 =^{c1}_γ^{Eν2}_{m01 c21} = c_1^{Eν2}_{m01c21} √ 1 −^{v2}_{c2} ≈ 17.5 × 10^9c. (16)

IV. A FORBIDDANCE OF VC-RADIATION/OR ANALOG PROCESSES IN VACUUM

Assuming that the Lorentz invariance is violated perturbatively in the context of conventional quantum field theory [19, 39, 41, 48–50], this can induce the muon neutrino radiative decay (ν_μ → ν_μ + γ) and the three body decay - for example, the Z-strahlung radiation (ν_μ → ν_μ + Z → ν_μ + e^− + e^+), otherwise forbidden but now kinematically permitted, being the analog to VCradiation [41–47]. Such processes will lead to the fast energy loss of neutrinos once the threshold is reached. This implies that the Lorentz non-invariant contribution added a shift in the momentum, which will result in a shift in the maximum attainable velocity of the particle from the velocity of light c, which remains the maximum attainable velocity for all other particles except the muon neutrino. However, the ELC-framework evidently forbids VC-radiation/or analog processes in vacuum in a similar way in all particle sectors. Actually, in this framework we have to set, for example, k_1 = (^ω_{c1} , ⃗k_1) for the 1-th type γ_1 photon, provided ⃗k_1 = ⃗e_k^ω_{c1} , and p_2 = (^{E2}_{c2} , ⃗p_2) for the 2-nd type superluminal particle. Then the process (l_2 → l_2 + γ_1) becomes kinematically permitted if and only if

k_1p_2 =^ω_{c1}^{E2}_{c2} ( 1 − ⃗e_k^{⃗v2}_{c2} ) = 0, (17)

which yields ω ≡ 0 because of ( 1 − ⃗e_k^{⃗vν2}_{c2} ) ≠ 0. So in the case at hand, the VC-radiation/or analog processes are forbidden. This evades constraints due to VC-like processes since the superluminal neutrino ν_{μ2} does not actually travel faster than the speed c_2, and that allows the arrival at the Gran Sasso of superluminal neutrinos ν_{μ2} with the velocity claimed by OPERA of any specific energy, without having lost of their energies. In what follows, in ELC-framework we discuss the VC-radiation of the charged superluminal particle propagating in vacuum with a constant speed v_2 > c_1 higher than that of light. Recall that, a charged particle (e ≠ 0) moving in a transparent, isotropic and non-magnetic medium with a constant velocity higher than velocity of light in this medium is allowed to radiate, so-called Vavilov-Cherenkov radiation. The energy loss per frequency is [51] dF = −dω^{ie2}_{2π} ∑ ω (_1

c^2 − 1 εv^2 ) ∫_{dζ} ζ , (18)

where the direction of the velocity ⃗v is chosen to be x−direction: k_x = k cos θ = ω/v, k = nω/c is the wave number n = √ ε is the real refractive index, ε is the permittivity. The summation is over terms with ω = ±|ω|, and a variable

ζ = q^2 − ω^2 (_ε c^2 − 1 v^2 ) (19)

is introduced, provided q = √ k^2_y + k^2_z . The integrand in (18) is strongly peaked near the singular point ζ = 0, for which q^2 + k^2_x = k^2. Using standard technique, the formula (18) can be easily further transformed to be applicable in ELC-framework for the charged superluminal particle of 2-nd type propagating in vacuum (i.e. if ε = 1) with a constant speed v_2 higher than that of light (c_1 ≤ v_2 < c_2): dF = −dω^{ie2}_{2π} ∑ ω (_1

c^2 − 1 v^2 ) ∫_{dζ} ζ , (20)

and, respectively, (19) becomes

ζ = q^2_1 − ω^2

(_1

c^2 − 1 v^2 ) , (21)

where q_1 = √ k^2_{y1} + k^2_{z1}, q^2_1 + k^2_{x1} = k^2_1 = ω^2/c^2_1, and now k_{x1}v_2 = ω. We have then

ζ =^{ω2}_{c2} (_{c2} v^2 cos^2 θ − 1 ) ≠ 0, (22)

because of v_2 < c_2, and that the integral (20) is zero, since the integrand has no poles. Hence, as expected, the VC-radiation of a charged superluminal particle as it propagates in vacuum is forbidden.

V. CONCLUDING REMARKS

To summarize, we have pointed out that if there were some superluminal particles which indeed violet the SLC, the ELC will be a well established consistent and unique theoretical framework to explain these apparent violations, the possible manifestations of which arise in a similar way in all particle sectors. We drastically change our ideas of Lorentz motion code, treating it as an individual code of a particle - as its intrinsic property. The shortcoming of the ELC-framework, of course, are the missing ingredients of the heuristic ’light-like’ states other than that of light, which will be motivated elsewhere. We for now think of them as being the hidden, or it may very well be that of unobserved yet, states that constitute the

ELC. The ELC-framework recovers the dispersion relation and the causality for a superluminal propagation, as well as forbids VC-radiation/or analog processes of a superluminal particle propagating in vacuum. In the context of the OPERA experiment, we treat superluminal muon neutrinos as 2-nd type particles carrying the individual Lorentz motion code with the velocity c_2 as maximum attainable velocity for all the 2-nd type particles. We obtain then c_2 ≈ v_{ν2}(1 + 1.65 × 10^{−21}).

[1] M. J. Longo, Phys. Rev. D 36 3276 (1987); K. Hirata et al., Phys. Rev. Lett. 58 1490 (1987); R. M. Bionta et al., Phys. Rev. Lett. 58 1494 (1987).

[2] P. Adamson et al. [MINOS Collaboration], Phys. Rev. D 76 072005 (2007) [arXiv:0706.0437].

[3] T. Adam et al., OPERA Collaboration, Measurement of the neutrino velocity with the OPERA detector in the CNGS beam, arXiv:1109.4897 [hep-ex].

[4] E. Majorana, Nuov. Cim. 9 335 (1932).

[5] E. C. G. Sudarshan, in Tachyons, Monopoles and Related Topics, p.43, E. Recami ed., North-Holland Pub.Co., (1978).

[6] K. A. Assamagan et al., Phys.Rev. D53 6065 (1996). [7] J. Ciborowski1, J. Rembielínski, arXiv:1109.5599 [hepex] (2011).

[8] F.R. Klinkhamer, arXiv:1109.5671 [hep-ph] (2011). [9] X.-J. Bi, P.-F. Yin, Z.-H. Yu and Q. Yuan, arXiv:1109.6667 [hep-ph] (2011).

[10] G. Cacciapaglia, A. Deandrea and L. Panizzi, arXiv:1109.4980 [hep-ph] (2011).

[11] D. Autiero, P. Migliozzi and A. Russo, arXiv:1109.5378 [hep-ph] (2011).

[12] K. Svozil, arXiv:1109.5411 [physics.gen-ph] (2011). [13] R. A. Konoplya, arXiv:1109.6215 [hep-th] (2011). [14] N.D. Hari Dass, arXiv:1110.0351 [hep-ph] (2011). [15] T. Li and D.V. Nanopoulos, arXiv:1110.0451 [hep-ph] (2011).

[16] H. Gilles, arXiv:1110.0239 [hep-ph] (2011). [17] G. Amelino-Camelia, G. Gubitosi, N. Loret, F. Mercati, G. Rosati, and P. Lipari, arXiv:1109.5172 [hep-ph] (2011).

[18] P. Wang, H. Wu, and H. Yang, arXiv:1110.0449 [hep-ph] (2011); arXiv:1109.6930 [hep-ph] (2011).

[19] J. Alexandre, arXiv:1109.5629 [hep-ph] (2011). [20] Z. Lingli and B. Q. Ma, arXiv:1109.6097 [hep-ph] (2011). [21] L. Iorio, [arXiv:1109.6249 [gr-qc]] (2011).

[22] M. A. Anacleto, F. A. Brito, E. Passos, [arXiv:1109.6298 [hep-th]] (2011).

[23] S. Gardner, [arXiv:1109.6520 [hep-ph]] (2011). [24] M. Matone, [arXiv:1109.6631 [hep-ph]] (2011). [25] E. Ciuffoli, J. Evslin, J. Liu, X. Zhang, [arXiv:1109.6641 [hep-ph]] (2011).

[26] R. Cowsik, S. Nussinov and U. Sarkar, arXiv:1110.0241 [hep-ph] (2011).

[27] R. Torrealba, arXiv:1110.0243 [hep-ph] (2011). [28] E. N. Saridakis, arXiv:1110.0697 [gr-qc] (2011). [29] F. Tamburini and M. Laveder, arXiv:1109.5445 [hep-ph] (2011).

[30] G.F. Giudice, S. Sibiryakov, A. Strumia, arXiv:1109.5682 [hep-ph] (2011).

[31] G. Dvali1 and A. Vikman, arXiv:1109.5685 [hep-ph] (2011).

[32] S.S. Gubser, arXiv:1109.5687 [hep-ph] (2011). [33] R. Alicki, arXiv:1109.5727 [physics.data-an] (2011). [34] R.B. Mann and U. Sarkar, (2011) arXiv:1109.5749 [hepph] (2011).

[35] A. Drago, I. Masina, G. Pagliara and R. Tripiccione, arXiv:1109.5917 [hep-ph] (2011).

[36] M. Li and T. Wang, arXiv:1109.5924 [hep-ph] (2011). [37] Ch. Pfeifer and M.N.R. Wohlfarth, arXiv:1109.6005 [grqc] (2011).

[38] C. R. Contaldi, arXiv:1109.6160 [hep-ph] (2011). [39] J. Alexandre, John Ellis and N. E. Mavromatos, arXiv:1109.6296 [hep-ph] (2011).

[40] F.R. Klinkhamer and G.E. Volovik, arXiv:1109.6624 [hep-ph] (2011).

[41] A.G. Cohen. and Sh.L. Glashow, arXiv:1109.6562 [hepph].

[42] N. D. H. Dass, arXiv:1110.0351 [hep-ph] (2011). [43] L. Maccione, S. Liberati, D. M. Mattingly, arXiv:1110.0783 [hep-ph] (2011).

[44] J. M. Carmona, J. L. Cortes, arXiv:1110.0430 [hep-ph] (2011).

[45] B. Altschul, arXiv:1110.2123 [hep-ph] (2011). [46] H. Davoudiasl and T. G. Rizzo, arXiv:1110.0821 [hep-ph] (2011).

[47] G. Amelino-Camelia, L. Freidel, J. Kowalski-Glikman, L.

Smolin, arXiv:1110.0521 [hep-ph] (2011).

[48] P. Horava, Phys. Rev. D79 084008 (2009) [arXiv:0901.3775 [hep-th]].

[49] M. Visser, Phys. Rev. D80 025011 (2009) [arXiv:0902.0590 [hep-th]].

[50] D. M. Mattingly, L. Maccione, M. Galaverni, S. Liberati, G. Sigl, JCAP 1002 007 (2010) [arXiv:0911.0521 [hepph]].

[51] L.D.Landau and E.M. Lifshitz, Theoretical physics vol.VIII. Electrodynamics of Continuous Media, Moscow, Nauka 1992