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Recently, various scalar-tensor theories with higher-order derivatives are
proposed as extensions of general relativity. Such theories are prone to suffer from pathological
degrees of freedom known as the Ostrogradsky ghosts. We propose a systematic algorithm where we
impose a set of degeneracy conditions to eliminate the ghosts from generic theories involving
arbitrarily higher-order derivatives. We also find a generalization of the disformal transformation

to include higher derivatives, and applying it to construct a novel class of scalar-tensor theory.
Further, we explore the higher-derivative theories of gravity from multiple viewpoints: find novel
black hole exact solutions, establish the black hole perturbation theory, resolve the strong
coupling by scordatura mechanism, and clarify its role in dark energy and inflationary models.
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