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We demonstrate that via optimal control arbitrary time evolutions of many-body quantum systems
can be reversed. The optimal reversed dynamics –contrary to standard time-reversal procedures–
is extremely robust with respect to external source of noise. We propose a conjecture establishing
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Optimal control allows to engineer a route to reverse

FIG. 1: Dynamical scheme to optimally reverse the system
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In this Letter we address these questions by characterising qualitatively and quantitatively the ability to reach,
from a given input, a predetermined final state of a manybody system through the time dependence of some global
couplings. We will in particular consider the problem of
reversing complex quantum dynamics: a system is first
taken from the ground state to a highly disordered state
via random quenches (see Fig. 1), characterised by a high
diagonal entropy Sd (see Ref. [18]), and then driven back
to the initial states. We will first address the robustness problem, showing that while the obvious strategy
of returning to the ground state by time-reversing the
protocol is highly sensitive to external noise in the couplings [18], an optimal protocol based on CRAB, is in
turn much more robust against errors, making it a good
candidate for experimental realizations. We then address
the problem on a more general ground, elucidating for
the first time the relationship between control complexity and dimension of the manifold in which the dynamics occurs. In particular, we demonstrate that the complexity is weakly dependent on the initial and final state
properties while it is instead strongly influenced by the
integrability of the system.

