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Abstract: The field of indefinite order in quantum theory was born from an attempt to construct a theory of quantum gravity, where the first step is
to construct a generalized quantum theory in which events could have an indefinite order [1]. It is expected that such a theory would lead us more
naturally to the construction of a quantum gravity theory. One way to explore this topic operationally is to consider that two agents Alice and Bob
apply operations A and B on a given target system and that quantum mechanics holds locally for each agent [2].  The quantum switch is the simplest
example of a task with indefinite order, where the order of operations applied by two agents on a target system is entangled with the state of a
quantum control system. In particular, in the gravitational quantum switch, the order of these operations is entangled with the state of a quantum
spacetime [3].

In this talk, I will present a recent result, where we propose a distinct protocol for performing a gravitational quantum switch [4]. One of the agents
crosses the interior region of massive spherical shells in a superposition of different radii and becomes entangled with their geometry. This
entanglement is used as a resource to control the order of operation in the implementation of the quantum switch. Novel features of the protocol
include: i) the superposition of nonisometric geometries; ii) the existence of a region with a definite geometry; iii) the fact that the agent that
experiences the superposition of geometries is in free fall, preventing information on the global geometry to be obtained by this agent.
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