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The present Special Issue is dedicated to celebrate 80 years of the Professor Eugene
Paul Wigner paper “On Unitary Representations of the Inhomogeneous Lorentz Group”,
published in 1939 [1]. It is almost impossible to have a fair measure of the impact of such a
work. To name one of the most important achievements present in [1], the very concept of
a particle is there constructed: a particle is an irreducible representation of the Poincarè
group. For the contemporary reader, this assertion may sound as a kind of truism, but it
certainly deserves some additional attention.

Poincarè transformations leave the Minkowski metric invariant. They may quite well
be understood as symmetries of spacetime in the absence of gravity. The fulcrum in the
Wigner analysis is, then, to represent the group of spacetime symmetries in the Hilbert
space—the space of quantum physical states—in such a way that this representation acts
also in a symmetric way, where in this last case a symmetry means a set of transformations
preserving probabilities. There are many intricate problems in such an endeavor.

To begin with, it is important to recall that, although very well known, the Lorentz
group is not simple. It indeed has a nontrivial topology and the task of genuine or projective
representation is a problem to be addressed. Besides, continuity is also a concept generally
accepted as valid, but rarely proved. These formal, but definitely important, aspects were
worked out and developed in a precise manner by Wigner. Moreover, as the Lorentz group
is non-compact, there is no unitary representation of finite dimension for that. Unitarity,
however, is indeed a property of representations preserving norms for a connected group
(as Wigner himself demonstrated in 1931 [2]).

The crucial problem related above was solved by Wigner with the help of the induced
representation method, by means of which the Little Group is reached. As a typical achieve-
ment resulting from such an approach, by selecting one particle state four-momentum
representative for a massive particle as (m,~0), the Little Group condition engenders a
constraint, leading to the recognizing of SO(3) as the Little Group, endowed, thus, with
momentum angular algebra (even for a rest momentum as the chosen one). That is to say:
the spin of a massive particle (an intrinsic angular momentum indeed) is a quantum label
without which it would not be possible to represent all the spacetime symmetries in Quan-
tum Mechanics. The particle properties are then bound to the spacetime symmetries. After
56 pages of a rigorous analysis, this is the kind of beauty arising from the Wigner analysis.

The contributions to this Special Issue may be separated out into Reviews and Research
papers. In a broad-brush picture it may be reported as follows: in the paper [3] the effects
of chirality in the spin entanglement between a lepton and a neutrino are investigated.
The results point to an interesting framework for measuring chiral oscillations and, as a
consequence, the intrinsic (bi)spinorial fermionic structure. The paper [4] deals in detail
and carefully with the gauge invariance of the bosonic measure in the generating functional
of chiral gauge theories, a point usually commented on, but not addressed. Going further
in the Special Issue contributions, in the paper [5], the algebra of quaternions is used to
achieve interesting results for the relativistic combination of non-collinear tri-velocities. As
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a result, the nontrivial angular dependence for such combinations is naturally absorbed
in the quaternion multiplication, the same happening with other relevant results. In the
paper [6], the outlines of a framework to discuss quantum gravity is presented. The ideas,
comments and thoughts are clearly exposed, entailing a rich discussion. The resulting
model argues that what we perceive as classical spacetime is actually the configuration
space of its content.

Moving to the reviews part of the Special Issue, the review [7] brings a discussion
about the special care devoted to the strongly continuous representation concept in the
Wigner analysis. The relevant theorems and propositions related to the continuity concept
in representation theory are reviewed in detail. The review [8] approaches the structure
of gauge theories of gravity and post-Riemann geometries, discussing their recent de-
velopments and framing the analysis in the scope of understanding the very nature of
spacetime and gravity in regimes where the General Relativity framework may come
to debacle. The review [9] investigates the concept and properties of Dirac, Weyl and
Majorana fermions in the four-dimensional Minkowski spacetime. Special attention is
devoted to the quantum aspects of Weyl and Majorana fermions, discussing and clearing
some misconceptions presented in the literature. The effective actions for these fermions
coupled to gauge fields are reviewed in detail, and the relation between chiral and trace
anomalies is extensively approached.

This Special Issue provides a well balanced mix of reviews and new results, culmi-
nating in an interesting volume celebrating and appreciating the Wigner work, but also
studying physically relevant problems and methods in contemporary physics. There is
rich material covering a wide range of areas, such as Quantum Mechanics and Quantum
Field Theory, Mathematical Physics, and Gravitation. In some sense, the variety of subjects
approached here is also a tribute to the robust foundational work of Professor Wigner:
deep roots provide leafy and branched trees.
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