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Motivation

e A dynamical decoupling (DD) protocol is a pulse sequence which decouples
a quantum system from its environment, keeping it from decohering [1].

e In this work, we present novel DD sequences constructed from the three
Platonic point groups and composed of global SU(2) rotations. We explain
which one should be used based on the system of interest.

‘ Dynamical decoupling \

Consider a quantum system coupled to some bath.
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x The system operators S, span an inter- Pfopagator
action subspace g = span({Sa}).

x With a periodic sequence of N equidis- ZS @ e
tant pulses, we can design the interaction
Hamiltonian on each pulse interval.

x An average Hamiltonian H,, governs the
effective dynamics of the open quantum
system.
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If G = {gx} forms a group, [IIg(S5), gx| =0 VK, S.
= FEach S, is projected onto a G-invariant subspace 1lg(Zg).

= If Ilg(Zs) only contains the identity, G is a decoupling group for Zg.
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We find decoupling groups by searching for inaccessible
symmetries in spaces of operators.
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The DD sequence forms an Eulerian path on the Cayley graph of the group [2].

Set of maximal point groups

The space of operators of any quantum system can be written as a direct

sum of SU(2)-irrep B(Hs) = @, B,

e Hermitian operators of Z) can be repre-
sented by a (bi-colored) constellation of 2L
points on a sphere |3|.

e Certain constellations have high rotational
symmetries (¢.e., point groups).

e Due to finite number of points, some point
groups are not accessible.

e Any operator of B(Hg) can be represented
by a set of constellations.

e The list of accessible point groups consists of all
point groups of the individual constellations.

By finding all possible point groups of the set of
constellations, we can find the inaccessible rotational
symmetries of any space of operators.
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e Robust to finite-duration pulses.
Some properties

(see Ref. [4])

—> e High robustness to systematic control errors.

e Suitable for concatenation and dynamically
corrected gates.

Application for a single spin-j

e We find universal*) decoupling sequences for j < 5 /2.

e Smaller decoupling groups can be used when L < 27.

é%j 70 Example : decoupling of arbitrary spin-j Hamiltonian
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Average distance between the
identity and the propagator
of a sample of 5000 spin-j
Hamiltonians H under DD.
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(%) A decoupling group is uni-
versal if it decouples the entire
space of operators.

Application for an ensemble of spin-1/2

e We find decoupling sequences which suppress
K-body interactions with K < 5.

e The number of global rotations is independent
of the number of spins in the ensemble.

e Only isotropic interactions are not decoupled.
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Example : decoupling of 2 and 3-body interactions
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Conclusion

e We introduced new Eulerian sequences with great versatility and high
robustness properties, constructed from the symmetry groups of the
Platonic solids.

e They have direct applications for the decoupling of spin ensembles,
large atomic spins and qudits for d < 6.
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