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Abstract

The cycle of topical research carried out for the last six years is aimed at developing the
manifestly covariant and explicitly supersymmetric methods of constructing effective actions in
the gauge theories with extended supersymmetry in diverse dimensions. The research is based on
the harmonic superspace approach proposed earlier in BLTP JINR. The general motivation for
the research and its goals are related to the study of low-energy consequences of the superstring
theory by methods of supersymmetric field theory.

The main results of the research

• A method of superfield realization of hidden supersymmetries in N = 4, 4D and N =
2, 5D supersymmetric Yang-Mills theories formulated in terms of harmonic superfields is
suggested. It is shown that this method makes it possible to reproduce in a unified way
all the known superfield invariants in such theories and to construct new superinvariants.

• A new bi-harmonic superfield formulation of N = 4, 4D supersymmetric Yang-Mills
theory is proposed and an approach for constructing N = 4 supersymmetric effective
actions is developed on this basis.

• A harmonic superfield approach to the N = 2, 4D supersymmetric theory of higher spin
gauge fields is worked out. The N = 2 supersymmetric free action of higher-spin gauge
superfields and the cubic vertex of the interaction of such superfields with a hypermultiplet
are explicitly constructed.

• A method for studying the quantum effective action in N = (1, 0), 6D and N = (1, 1), 6D
supersymmetric gauge theories is developed. A superfield background field method is
developed that provides the explicit gauge invariance and explicit N = (1, 0) supersymmetry,
while calculating the effective action.

• A method to study the structure of the one-loop and two-loop divergences in the six-
dimensional theories considered is worked out. It is shown that, although all such theories
are index non-rnormalizable, the quantum N = (1, 1) theory can be completely finite in
the one-loop approximation.
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• A superfield proper time method is developed for the explicitly supersymmetric and gauge
invariant calculation of the one-loop effective action in the N = 2, 5D and N = (1, 0), 6D
supergauge theories.

• A one-loop N = (1, 1), 6D supersymmetric low-energy effective action (a generalization of
the effective Heisenberg-Euler action for a constant electromagnetic field) is constructed,
such that it depends on all fields of N = (1, 1), 6D gauge supermultiplet.
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