In this context, using the hybrid
quantum-classical algorithm,
combining classical optimizers
and quantum computers, is a
competitive strategy for solving
specific problems. We put
forward its use for optimal
quantum control. We simulate
the wave-packet expansion of a
trapped quantum particle on a
quantum device with a finite
number of qubits. We then use
circuit learning based on
gradient descent to work out
the intrinsic connection
between the control phase
transition and the quantum
speed limit imposed by unitary
dynamics. We further discuss
the robustness of our method
against errors and demonstrate
the absence of barren plateaus
in the circuit. The combination
of digital quantum simulation
and hybrid circuit learning
opens up new prospects for
quantum optimal control.
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Discussion

® The absence of Barren Plateau
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* Noise resilience (bit-ﬂlp errors)
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¢ The circuit complexity

The total gate count of the ansatz is: ~ 5N,n2/2, with exponentially
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Motivation
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Using a digital quantum computer to solve optimal control problem.

We consider a quantum particle trapped in a time-varying
parabolic potential:

QOntroI Problems
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The dynamic is engineered by trap frequency : @y — .
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Optimization
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The time-optimal control of wave-packet expansion is a
‘bang-bang’ control, see ref [1].

Methods
® Encoding the wave-packet into qubit states :
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e Reproducing the dynamic as:
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e The circuit realization for the time-operator of quadratic Hamiltonian [2,3]:
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Results

(a). The control phase diagram,
where the fidelity-optimal control
sequence f(t) = a)z(t) as functions
of t/tf for different iy € [2,5]. (b)The
logarithm of infidelity log;o(1 — F') as
a function of {tf,N,}in (b) and (c).
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enlarged Hilbert space requires ~ n2/2 control-phase gates.
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