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This book describes a relativistic quantum theory developed by the author starting
from the E.C.G. Stueckelberg approach proposed in the early 40s. In this framework a
universal invariant evolution parameter (corresponding to the time originally postulated
by Newton) is introduced to describe dynamical evolution. This theory is able to
provide solutions for some ol the fundamental problemsencountered in early attempts
to construct a relativistic quantum theory. A relativistically covariant construction is
given for which particle spinsand angular momenta can be combined through the usual
rotation group Clebsch-Gordan coefficients. Solutions are defined for both the classical
and quantum two body bound state and scattering problems. The recently developed
quantum Lax-Phillips theory of semigroup evolution of resonant states is described.
The experiment of Lindner and coworkers on interference in time isdiscussed showing
how the property of coherence in time provides a simple understanding ofthe results.
The full gauge invariance ofthe Stueckelberg-Schroedinger equation results in a 5D
generalization of the usual gauge theories. A description of this structure and some
of its consequences for both Abelian and non-Abelian fields are discussed. A review
of the basic foundations of relativistic classical and quantum statistical mechanics is
also given. The Bekenstein-Sanders construction for imbedding Milgroms theory of
modified spacetime structure into general relativity as an alternative to dark matter is
also studied.

ISBN 978-94-017-7260-0

»springer.com



Contents

1

Introduction and Some Problems Encountered

in the Construction of a Relativistic Quantum Theory...............

11 States in Relativistic Quantum and Classical Mechanics.............

12 The Problem of Localization for the Solutions of Relativistic
WAV EQUALTIONS. ...t

Relativistic Classical and Quantum Mechanics

2.1 The Einstein Notion of Time.......cccoeueeee.

2.2 Classical MeChaniCS......cccciviiiiiiiniiciiee e
2.3 The QUANtUM THhEOTY .o e
2.4  The Newton-Wigner Problem. ...
2.5 The Landau-Peierls Problem ...
APPENIX Aottt et bt renrenes

Spin, Statistics andC orrelations......cccocciveiviisicce e
3.1 Relativistic Spin and the Dirac Representation........c.coccccceeerveeenne.
3.2 The Many Body Problem with Spin, and Spin-Statistics............
3.3 Construction of the Fock Space and Quantum Field Theory. ...
3.4 Induced Representation for Tensor Operators.......cccccvvevvveveeennnn.
APPENAIX B ..ttt

Gauge Fields andFlavorOscillations
4.1 Abelian Gauge FieldsS.......ccccoeovinnnne.

4.2 Nonabelian Gauge Fields and Neutrlno OSC|IIat|ons ....................
4.3 The Hamiltonian for the Spin \ NeUtrinoS......ccccooveveiiivnrennees
44 CPand T ConjuGation....cccoooiiciiiriiee e

The Relativistic Action at a Distance Two Body Problem...............
5.1 The Two Body Bound State for Scalar Particles...........cccccevveuennene.
5.2 SOME EXAMPIES. .t
5.3 The Induced Representation..........cccooreeinrseninnecieiee e
5.4 The Stueckelberg String ..o

AO

18
20
22
24
30

33
33
42
44
47
49

51
51
59
65
67

71
72
84
88
93

vii



viii Contents

6 Experimental Consequences of Coherence in Time

6.1 General Problem of Coherence in TimMe....c.ccocooeoeiniciciinncieinns
6.2 The Lindner EXPeriment. ..o
6.3 Experiment Proposed by Palacios et al......cc.cccocevviiviiniiievcisennn,
7  Scattering Theory and RESONANCES......cccvvevreiiierese s e seere s
7.1 Foundations of Relativistic Scattering Theory........cccocoiviereiirennns
7.2 THE S MAFIX ettt e e
7.3 Cr0oSS SECLIONS ..uciiiiiiciee ettt bt
7.4 Two Body Partial Wave ANalysiS.......ccccoveivreviieivciencieneie e
7.5 Unitarity and the Levinson Theorem........cccoovniennnsiennsneene.
7.6 Resonances and Semigroup EVOIULION ...
7.7  Lax Phillips TREOTY couiicee s
7.8 Relativistic Lee-Friedrichs Model.......ccocooeoiiinniciiicce

8 Some Applications: The Electron Anomalous Moment,
Invariant Berry Phases and the SpacetimeLattice.......c.cccovnrvenne.
81 The Anomalous Moment of the Electron.........ccovveiiiniccnene.
8.2 Invariant Berry PhasSes.......ccccoocoviiiiciiiiiniie ittt
8.3 The Spacetime LattiCe......ccoiiieiiiiiieiiiirreeeee e

9 Hamiltonian Map to Conformal Modification

of Spacetime Metric: Kaluza-Klein andTeVeS......ccooiviivccinnnen.
9.1 Dynamics of a Relativistic Geometric Hamiltonian System . ...
9.2 Addition of a Scalar Potential and Conformal Equivalence..........

9.3 TeVeS and Kaluza-KIlein Theory....coveevieveieneie i
9.4 The Bekenstein-Sanders Vector Field as a Gauge Field...............
0.5 SUMMAIY .ottt e et see e

10 Relativistic Classical and Quantum Statistical Mechanics
and Covariant Boltzmann EqUation......c.cccceveiiiieninsie e
10.1 A Potential Model for the Many Body System
10.2 The Microcanonical Ensemble
10.3 Canonical ENSemMDBIe......ccioiicee e
10.4 Grand Canonical Ensemble........ocociiiiinniiciee e
10.5 Relativistic Quantum Quantum Statistical Mechanics....................
10.6 Relativistic High Temperature Boson Phase Transition
10.7 Black Body Radiation........cccceeveiiviniiiiisiesce e
10.8 Manifestly Covariant Relativistic Boltzmann Equation

11 Discussion

References

Index

143
144
149
153

157
158
159
163
165
172

173
174
175
179
184
187
191
193
196

201

203

211



