Nonlinear electrodynamics and CMB polarization
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Modifications to the standard (Maxwell) electrodynamics were proposed in the literature in order to avoid infinite physical quantities from theoretical descriptions of electromagnetic interactions. Born and Infeld, for instance, proposed a model in which the infinite self energy of point particles (typical of Maxwell’s electrodynamics) are removed by introducing an upper limit on the electric field strength, and by considering the electron as an electric particle with finite radius. Along this line, other models of nonlinear electrodynamics (NLED) Lagrangians were proposed by Plebanski, who also showed that Born-Infeld model satisfies physically acceptable requirements. Next we explore the potential of one among these theories which has been identified as a quite self-consistent model for the electromagnetism as it comes out from a theory for QCD, as described next.

In 1978, the Pagels-Tomboulis nonlinear Lagrangian for electrodynamics appeared as an effective model of an Abelian theory introduced to describe a perturbative gluodynamics model. It was intended to investigate the non trivial aspects of quantum-chromodynamics (QCD ) like the asymptotic freedom and quark confinement Pagels & Tomboulis (1978). In fact, Pagels and Tomboulis argued that:

“since in asymptotically free Yang-Mills theories the quantum ground state is not controlled byperturbation theory, there is no a priori reason to believe that individual orbits corresponding to minima of the classical action dominate the Euclidean functional integral. ” In view of this drawback, of the at the time understanding of ground states in quantum theory, they decided to examine and classify the vacua of the quantum gauge theory. To this goal, they introduced an effective action in which the gauge field coupling constant g is replaced by the effective coupling ¯^g(t) · T = ln (F^a _{μν} F_a^{μν})/μ^4.  The vacua of this model correspond to paramagnetism and perfect paramagnetism, for which the gauge field is F^a _{μν} = 0, and ferromagnetism, for which F^a_{μν} F_a^{μν} = λ^2, which implies the occurrence of spontaneous magnetization of the vacuum. They also found no evidence for instanton solutions to the quantum effective action. They solved the equations for a point classical source of color spin, which indicates that in the limit of spontaneous magnetization the infrared energy of the field becomes linearly divergent. This leads to bag formation, and to an electric Meissner effect confining the bag contents. This effective model for the low energy (3+1) QCD reduces, in the Abelian sector, to a nonlinear theory of electrodynamics whose density Lagrangian L(X,Y) is a functional of the invariants X = F_{μν} F^{μν} and their dual Y = (F_{μν} F^{μν})^*. 

In this paper we investigate the CMB polarization of photons described by nonlinear electrodynamics. We compute the polarization angle of photons propagating in an expanding Universe, by considering in particular cosmological models with planar symmetry. The polarization angle does depend on the parameter characterizing the nonlinearity of electrodynamics, which will be constrained by making use of the recent data from WMAP and BOOMERANG. This kind of investigations has received a lot of interest because they represent a probe of models beyond the standard model, which may violate the fundamental symmetries such as CPT and Lorentz invariance [13, 14]. In what follows we will follow the main lines of the paper on “Cosmological CPT violation, baryo/leptogenesis and CMB polarization” by Li-Xia-Li-Zhang [6].
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