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Abstract Optimization in Liouville Space (cont.)
Optimal control theory provides a powerful method for the realization of entangling two-qubit gates Direct Liouville Space Equivalent of Functional H o N2 H
under unitary evolution. This has been demonstrated e.g. for the implementation of a CPHASE gate

for trapped neutral atoms |1, 2, 3|. In reality, however, every physical system suffers from decoherence. Liouville equivalents of Hilbert space functionals [7], e.g.:

This could be relaxation due to spontaneous decay or dephasing due to noisy external fields. We )

therefore consider quantum systems whose dynamics is described by a master equation in Lindblad P K o p 1 K o A e

form. The Krotov optimization method [4] is adapted to operate in Liouville space so that the effect of Fro = ?9‘{6 Z <<,0kg },Ok(t)>> : Fio = e Z <<pkg ’,Ok(t)>> = oL = 5 7
decoherence is actively taken into account. We formulate the minimum number of optimization targets k=1 k=1 (P(T)
necessary to implement a unitary gate on the Hilbert space of the system, eliminating all redundancies

of the density matrix description. The framework is applied to trapped neutral atoms, using realistic Unitary Optimization ﬂ o N

decoherence parameters.
Given an evolution in Liouville space, what is the most efficient way to optimize a unitary evolution

in Hilbert space?
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(D Qubit Encoding in the Rydberg System
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1. Fry: The dynamical evolution in the optimization subspace corresponds to a dynamical map.
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with detunings Ap for [0) — |i), As for |i) — |r) |1) — global phase 2. Fyy: The dynamical map is unitary.
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(2 Hilbert Space Optimization: Krotov Method
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Master Equation in Lindblad form: " ’ "
(1 = F) of €opip=0, T =50 ns Pop. Dyn. for T' = 50 ns, A} = 1200 MHz; Fg = 0.9818 Optimized Pulse Amplitudes, Ay = 1200 MHz, T = 50 ns
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Questions:

1. How many p;. need to be propagated? K for given Hilbert space dimension N7

2. How do the ék have to be constructed?

(7) Conclusions & Outlook
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