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Motivation

e Current quantum technologies are limited by their noisy hardware.
Dynamical decoupling can help mitigating decoherence and extending
the lifetime of useful quantum states. Constructing optimized decou-
pling sequences is thus of great importance.

While linear programming can be used for first-order decoupling [1],
heuristic algorithms are needed to find higher-order, optimized sequences
2|.

Here, we consider DD sequences as optimal paths on a graph (as in Ref.

[1]) and generate sequences using a search algorithm.

Dynamical decoupling

Consider a Hamiltonian H.,, responsible for decoherence.
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By applying a sequence of IV equidistant pulses, i.e. a dynamical decoupling
(DD) sequence, we can design the error phase on each time step. An
"average" error phase can then be calculated using a Magnus expansion.
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If decoherence is small enough (7.||Her || < 1), we can design a nth-order

DD sequence by choosing the pulses such that @1[;]3 —

an error scaling as [|[®pp || o< (7| Herr|])* 1.
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Generating DD sequences numerically

Objective : designing a pulse sequence that mitigates decoherence issued
from some error Hamiltonian H,,.

General method :

step 1. Specify He,, and a set of accessible pulses P = { P }.

step 2. Find all accessible error phases,
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step 3. Construct a graph:
e Vertices — elements of £.
e Edges — pulses that connect two elements of £.

Remark. The existence of a pulse of P that connects Hy to Hy.q
should not depend on the unitary that generates H;. A sufficient
condition on the pulse set is that VP, Q € P, we have PT € P and
PTQP € P.

step 4. Find the optimal cyclic path:
e Algorithm — parallel tempering (PT) [3].

e Cost function — environment-invariant Hilbert-Schmidt norm
distance D [4]: measures the distance between the sys-

tem+environment propagator and a target system-only propagator
(here the identity).

Remark. If nth-order decoupling is achieved, the distance scales as
D o (7¢||Hepe||)™ T with 7. the duration of the sequence.

Contact : creadQuliege.be

Benchmarking : an ensemble of interacting spin-1

Error Hamiltonian.
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Conclusion and Outlook

We presented a simple method for generating DD sequences that suppress
the first few orders of the MS for an arbitrary Hamiltonian and used it to
construct short sequences of different decoupling properties for a spin-1.

Outlook :

e I'ind patterns and building blocks for the construction of higher-order
sequences for the suppression ot dipole-dipole interactions.

e Add robustness requirements in the numerical search.
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