Progress towards a transportable laser-cooled Yb*
microwave clock

Michael A. Trigatzis, Martin Knapp, Sean Mulholland, Gary I. Hockley, Geoffery P. Barwood,
Guilong Huang, Hugh A. Klein, Patrick Gill

Time and Frequency Department, National Physical Laboratory, Teddington, UK
Email: michael.trigatzis@npl.co.uk

Optical atomic clocks based on cold atoms or ions represent the current state of the art in terms of
clock stability and accuracy. However, they are difficult to commercialise since they rely on high
size, weight, power and cost (SWAP-C) subsystems including optical frequency combs and ul-
tranarrow-linewidth clock lasers. Laser-cooled ion microwave clocks offer performance ad-
vantages in long-term frequency stability and reproducibility, in comparison to currently commer-
cially available clocks, without the need for these latter optical subsystems?3, Their relative sim-
plicity and high performance make them excellent candidates for applications including navigation
and as master clocks in critical national timing infrastructure.

We present recent progress towards building a transportable laser-cooled ion microwave clock.
Prior to packaging the clock in its compact housing, the various subsystems are to be tested and
their performance validated in a benchtop setup. These subsystems include the ion trap and vac-
uum package (Figure 1), the magnetic control and shielding system, the laser system, and the elec-
tronics, control and microwave system. We present the results of component level testing, as well
as initial Ramsey and Rabi spectroscopy of the clock transition at 12.6 GHz.

We acknowledge the support of the UK government department for Science, Innovation and Tech-
nology through the UK national quantum technologies program.

Fig. 1: Coulomb crystal of laser-cooled ions (top) trapped within the vacuum chamber (bottom).
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