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SPACETIME DESCRIPTION OF QUANTUM FIELLD THEORY/ PROPAGATION
OF PHOTONS IN SPACETIME AS TIME EVOLUTION PROCESSES/ QUANTUM
FIELD THEORY OF REFLECTION OF PHOTONS IN SPACETIME.

The major analysis involved in this thesis is to provide a rigorous formalism for
the propagation of photons in spacetime as a time evolution process with associated
amplitudes of transitions between different spacetime points in quantum field theory.
After a detailed analysis of the corresponding situation for non-relativistic particles in
quantum physics dealing with the intriguing problem of reflections of such particles off
a reflecting surface according to quantum theory, the analysis is extended to the situa-
tion of photons, as ultra-relativistic particles, in spacetime in quantum field theory. A
QED formalism is systematically developed to describe photon propagation in space-
time as a time evolution process based on the actual physical process of propagation be-
tween emitters and detectors as applied, in particular to the reflection of photons. This
development, as well as early studies by Feynman, clearly show that a practical, com-
putational and predictive dynamical formalism in spacetime was lacking. The present
one generalizes to different experimental situations and other interacting field theories
as well emphasizing the practicality of the problem treated here. For example, by using
a unitarity expansion of the vacuum-to-vacuum transition amplitude (04]0..), supple-
mented by the expressions for the amplitudes of emission, by an emitter, and detection,

by a detector, of photon excitations, the corresponding amplitudes of propagation of



v

photon excitations between different spacetime points in infinitely extended space as
well as in half-space, as time evolution processes, and show that they do not coincide
with the so-called Feynman propagators with the corresponding boundary conditions in
half-space. In the quantum field theory formalism, derived amplitudes are associated
with the localization of photon excitations in configuration space, that lead, in the quan-
tum probabilistic sense, probabilities as to where these excitations were in space within
given time spans. In particular, these“amplitudes satisfy important completeness rela-
tions for the internal consistency of the formalism. As photon excitations travel from
an emitter to a detector, they may have points of impact at any point on a reflecting sur-
face. A key result is that the quantum field theory treatment via the derived amplitudes
mentioned above, show that all amplitudes wi‘th points of impact at any point on the
surface are exponentially damped relative to the classical point of impact. Finally in an

Appendix, we have also derived a closed expression for the A-quantum correction to the

average number of photons emitted in synchrotron radiation.
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