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Lorentz invariance is one of the fundamental continuous symmetries of the laws of
nature. On the one hand, the Standard Model of elementary particles exhibits global Lorentz
invariance. On the other hand, General Relativity can be formulated in a way that makes
local Lorentz invariance explicit. Hence, the importance of this fundamental symmetry
in the current physical paradigm is evident. One possibility of searching for physics
beyond the Standard Model and General Relativity is to conceive experiments capable of
detecting possible minuscule violations of Lorentz symmetry. Since such violations were
demonstrated to occur in particular string field theories [1,2] as well as in loop quantum
gravity [3], tests of Lorentz invariance provide a window into Planck scale physics, which
makes this field one of the central thrusts of high-energy physics in the 21st century.

This Special Issue covers state-of-the-art research on Lorentz violation in the settings
of gamma rays, ultra-high-energy cosmic rays, astrophysical neutrinos as well as the
production and propagation of gravitational waves, among other topics. A subset of the
compiled papers employs the language of the Standard-Model Extension (SME) [4-10]. The
latter is a comprehensive effective field theory framework that parametrizes all deviations
from Lorentz invariance that are scalars under coordinate transformations and respect the
gauge structure of the Standard Model. The absence of experimental signals for Lorentz
violation translates into constraints on SME coefficients quantifying the extent to which
Lorentz invariance can be considered as an established spacetime property. The SME
decomposes into a matter sector [4,6-9] and a gravitational sector [5,10]. The minimal SME
involves field operators of mass dimensions d = 3 and 4 [4,5], whereas the nonminimal
SME incorporates field operators of arbitrary mass dimensions [6-10].

The papers published in this Special Issue provide novel, interesting phenomenologi-
cal and theoretical contributions to this hot topic. Any type of Lorentz violation introduced
at the level of effective field theory can somehow be mapped to the SME; however, the
mapping of a specific model may not be obvious at the first place. The articles [11-13]
provide SME-based analyses and reviews, respectively. The papers [14-18] study phenom-
ena associated with Lorentz violation in specific models and the authors of Refs. [15,18]
establish connections of their models to the SME.

In particular, the analysis performed in Ref. [11] is based on tensor-valued background
coefficients of the minimal SME gravity sector, which are denoted as s/V. Within the regime
of Newtonian gravity the impact of the background field on the rotation of ellipsoidal
neutron stars is explored. The rotating star produces gravitational waves and the met-
ric perturbations of both polarizations are numerically obtained. The smoking gun for
Lorentz violation is a two-fold precession, which should give rise to a clear signal in the
gravitational-wave spectrum. The paper [12] provides an analysis of gravitational-wave
propagation subject to generic SME background fields contracted with field operators
of minimal and nonminimal mass dimensions. In particular, configurations known as
“aether-like” are studied, which can be expressed in terms of constant vector-valued back-
ground fields. The authors find that dispersion relations of gravitational waves remain
unaffected by Lorentz violation in these cases. They also conceive a method to construct
generic gauge-invariant modifications of the Einstein—Hilbert action in the regime of weak
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gravitational fields. Thus, since Ref. [11] focuses on the production and Ref. [12] on the
propagation of gravitational waves in the presence of Lorentz-violating background fields,
both papers cover complementary physics.

Reference [13] provides a review of a specific part of the matter sector where gravity
plays a minor role: neutrinos. It summarizes the basics of the SME neutrino sector, the
formalism incorporating Lorentz violation in neutrinos as well as its implications on
physical effects such as neutrino oscillations. Furthermore, the paper gives an overview
of different types of experiments involving reactor, solar and astrophysical neutrinos,
respectively. Finally, sensitivities on Lorentz violation in neutrinos are discussed.

The author of Ref. [14] focuses on a cosmology whose scale factor exhibits stochastic
oscillations. Such a property is considered in some theories to avoid the necessity of a
cosmological constant or dark energy for stages of an accelerated expansion of the Universe.
An averaging procedure gives rise to nonstandard contributions in Newtonian dynamics,
in particular, an additional term in the radial equations of motion of a test particle in the
gravitational field of a central body. The latter modification is demonstrated to be capable
of explaining certain characteristics in galactic rotation curves without the need of dark
matter. The analysis of Ref. [15] takes place within the scenario of a preferred frame where
the one-way speed of light is isotropic. In contrast, the speed of light turns anisotropic in all
other inertial frames that move with respect to the preferred one. A modified infinitesimal
path length interval squared leads to the action of a single, massive particle influenced
by Lorentz violation. Performing a specific coordinate transformation provides a set of
modified Maxwell equations, i.e., the dynamics of electromagnetic fields is also effected.
The modifications can be mapped to a subset of the kr coefficients parametrizing the
minimal, CPT-even, nonbirefringent SME photon sector. Certain particle physics processes
such as the GZK process and pair production from photons are investigated and the
implications on the cosmic-ray spectrum are elucidated. Reference [16] is dedicated to a
particular class of isotropic modified dispersion equations for massive particles. In the
setting of Finsler geometry it is possible to establish a connection to a modified theory
of spin-1/2 fermions, which can be generalized to a curved spacetime. Studying the
kinematics of the A resonance production, which plays a role for the GZK cutoff, allows for
obtaining a tight constraint on the deformation functions in the nonstandard dispersion
equation proposed initially. Furthermore, the altered attenuation length of high-energy
protons is investigated, too.

The authors of Ref. [17] are interested in constraining a modification of the photon
group velocity depending on both the frequency and polarization. The latter can be
identified with an isotropic, dimension-5 contribution of the SME photon sector, which
also implies vacuum birefringence. Data on the linear polarization of light acquired from a
set of Active Galactic Nuclei form the base of a spectropolarimety analysis. By doing so,
an anomalous change of the polarization angle of light, which may be a consequence of
Lorentz violation, is searched for in the data. The analysis leads to a novel constraint on
vacuum birefringence described by an operator of nonminimal mass dimension. Finally,
Ref. [18] delves into a scenario of a fifth spacetime dimension, which is a generalization
of Kaluza—Klein theory known as Space-Time-Matter theory. In this approach, the extra
coordinate is not assumed to be closed or compact. The velocity associated with the fifth
coordinate is related to a change of particle masses in time. Such variations can be driven in
an expanding universe by the presence of a particular c-type coefficient in the minimal-SME
Dirac fermion sector. Due to a special constraint in protons, a properly normalized variation
of the proton mass in time is concluded to be smaller than 10~° times the cosmological
expansion rate. The latter number is not unnaturally small in this context and future
experiments are likely to improve that limit further.

To summarize, the papers compiled in this Special Issue present interesting results and
complement the searches for Lorentz violation in astroparticles and gravitational waves
already existing in the literature. As analyses based on the SME as well as beyond the SME
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are contained in the Special Issue, interaction between these two different approaches of
quantum gravity phenomenology is expected to be fostered.
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