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Unified formulation of four-dimensional conformal supergravity with four supercharges

Thesis Summary

In particle physics, supergravity (SUGRA) is a plausible candidate for a theory explaining unsolved
problems such as the nature of dark matter and fundamental degrees of freedom in quantum gravity.
Here, SUGRA is general relativity possessing supersymmetry which relates bosons and fermions.

On the other hand, construction of SUGRA actions is complicated due to a large number of dynamical
valuables of bosons and fermions. Two methods are known to avoid such complexities. One is
“superspace formalism,” which describes a pair of bosons and fermions in a unified way using
“superspace”. The other is “tensor calculus” based on conformal SUGRA, which constrains gravitational
degrees of freedom by superconformal symmetry. Here, the superconformal symmetry is realized by
further imposing scale invariance on SUGRA. Though two formulations are equivalent to each other, the
relation between them is not apparent because their symmetries differ by the scale symmetry.

Recently, a new formulation of “conformal superspace formalism” was proposed. It simply unifies the
above two methods. The relation of conformal superspace to the conventional superspace was
revealed. However, such a concrete relation between conformal superspace and the tensor calculus has
still remained unknown because of a special restriction acting only on conformal superspace.

In this thesis, we show the equivalence between conformal superspace and the tensor calculus. We
carefully examine the special restriction on conformal superspace in the viewpoint of the superconformal
symmetry, and find that such a restriction is absent. We establish the concrete relations of physical
variables of gravitational, matter and gauge fields between two formulations. We also investigate the
correspondences of chiral projection and superconformally invariant integrations.

We obtain the tensor calculus from conformal superspace by gauge-fixing unphysical variables in
conformal superspace. Such variables are introduced to unify pairs of bosons and fermions, and do not
appear in the tensor calculus without superspace. We explicitly show that the unphysical valuables are
fixed by gauge freedom in conformal superspace.

Finally, we show in conformal superspace that the way to obtain SUGRA actions via the tensor calculus
is equivalent to the way via the conventional superspace. The equivalence is exhibited by showing the
explicit correspondence of the two gauge-fixing conditions.

From the results of the thesis, we can use conformal superspace and the tensor calculus in a unified
way to formulate SUGRA actions. These correspondences and the relations by gauge-fixing conditions
allow us to construct new interactions and calculate physical observables like scattering amplitudes

more simply than the previous formulations.




