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We discuss dynamical decoupling experiments with planar (two-dimensional) arrays of 9Be+

ions trapped in a Penning trap. Our qubit is the 124 GHz electron spin-flip transition in the
ground state of 9Be+ in a 4.5 T magnetic field. High fidelity (> 99.9 %) qubit rotations are per-
formed with a phase-locked microwave source at 124 GHz. We measure a T2 free induction
decay coherence time of approximately 2 ms limited by fast (>100 Hz) magnetic field fluctua-
tions of the superconducting magnet.

We have used this system to study the noise filtration capabilities of different dynamical
decoupling sequences [1,2]. Of particular interest is the performance of the recently proposed
Uhrig dynamical decoupling (UDD) pulse sequence [3] which uses unevenly spaced π-pulses,
in contrast to the standard Carr-Purcell-Meiboom-Gill (CPMG) mulitpulse spin echo which uses
evenly spaced π-pulses. We engineer the noise environment of our trapped ion qubits to mimic
the environment of qubits realized in other technologies. We find strong agreement between
experimental data and theoretical predictions for qubit coherence. Further we are able to con-
firm that in noise environments dominated by high-frequency spectral components, the novel
UDD sequence outperforms standard CPMG in suppressing error and prolonging qubit coher-
ence. In addition we show that further improvements in performance can be obtained through
variation of the inter-π-pulse delays through a real-time feedback optimization.
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