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SUPPIYA SIRANAN : INTRICACIES OF SUPERSYMMETRIC
QUANTUM ELECTRODYNAMICS. THESIS ADVISOR :
PROF. EDOUARD B. MANOUKIAN, Ph.D. 195 PP.

QUANTUM ELECTRODYNAMICS / QUANTUM ELECTRODYNAMICS OF
MANY-PARTICLE SYSTEMS / SUPERSYMMETRIC METHODS / GAUGE THE-
ORIES / GAUGE TRANSFORMATIONS / RENORMALIZATION CONSTANTS /
FUNCTIONAL DIFFERENTIAL FORMALISM OF QUANTUM FIELD THEORY.

This thesis is involved with extensive analyses of supersymmetric methods in the
quantum electrodynamics of many-particle systems in quantum physics and of super-
symmetric quantum electrodynamics working in the functional differential formalism
of quantum field theory in the presence of dependent fields. A detail intricate devia-
tion of the Quantum Dynamical Principle is derived in the presence of dependent fields
tailored made to handle supersymmetric quantum electrodynamics in which dependent
fields necessarily arise as a consequence of a gauge constraint. As an application of
supersymmetric methods, a rigorous lower bound is derived for the ground-state en-
ergy of the quantum electrodynamics of charged many-particle systems of bosonic type
in quantum physics as a function of the number of the negatively charged particles.
The Quantum Dynamical Principle is then used to carry out a systematic analysis of
the gauge problem in quantum electrodynamics dealing with the Coulomb gauge, the
Fock—Schwinger gauge, the axial gauge and all covariant gauges. Starting from the La-
grangian proposed by Wess and Zumino for supersymmetric quantum electrodynamics,
the Quantum Dynamical Principle thus derived is used to obtain the explicit expression
for the vacuum-to-vacuum transition amplitude of the theory as a functional deriva-
tive operation applied to an exact functional describing the propagation of the particles

and their superpartners between emitters and detectors represented by external sources.
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As applications, the scattering amplitude of the process electron—positron to photino—
photino is derived to the leading order, as well as of the self-energy of the electron. The
latter involves additional diagrams to the one in pure quantum electrodynamics. We
finally show that the wave-function renormalization constant /s is finite in the Landau
gauge, to the leading order, as it is in pure quantum electrodynamics. The implication
of the result in the high-energy massless full supersymmetric theory and of its internal
consistency is to be stressed. The reason is that it opens the way to study, in particular,
gauge invariant quantities order by order in the full theory in the massless high-energy
regime where the mass, providing an energy scale, becomes unimportant by working
appropriately in a gauge chosen consistently order by order so that their corresponding
expressions are finite order by order and no ambiguous cancellation of infinite terms of
opposite sign arise. Finally, it is worth emphasizing that the supersymmetric partners
of observed particles provide, in particular, non-trivial radiative corrections as internal
lines of processes with external lines corresponding to observed particles and the result-
ing modifications in the dynamics may not necessarily be omitted on physical grounds

and may, hopefully, be thus tested in experiments perhaps indirectly.
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