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Comparing a mercury optical lattice clock with
microwave and optical frequency standard
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Neutral mercury is a promising candidate to build an optical lattice clock thanks to several favorable atomic
properties. Its high vapor pressure at room temperature suppresses the need for an oven and thus reduces
temperature gradients on the experimental setup. Furthermore, the * Sy — 3 Py ultranarrow clock transition is
very weakly coupled to static and thermal radiation fields easing the efforts needed to control the blackbody
radiation shift, one of the limiting factors in almost all the other optical clocks.

Additionally, **?Hg has a simple structure with spin % for which tensor component of light shift is null and
vector component can be exactly canceled when alternatively interrogating the two spin states. Finally, the
3 Py state used for laser cooling has a 1.3 MHz linewidth yielding Doppler limited temperatures as low as 30pK.
This allows for direct loading in the magic wavelength optical lattice from a single stage MOT.

In spite of these advantages, a big challenge lies in the need for adequate (narrow-linewidth, tunable‘:*) cw
laser sources in the UV region of the spectrum at 254, 362 and 266 nm respectively for cooling, trapping and
probing the mercury atoms.

In this talk, after briefly presenting a new evaluation of the systematics of our Hg clock down to 1.6 x 1076
of relative uncertainty, we will report the first direct measurement of the Hg/Rb frequency ratio, and, to our
knowledge, the best absolute frequency measurement of the Hg clock transition via comparison with FO2-Cs
down to an uncertainty of 4 x 10718, close to the limit of the fountain and about 30 times better than the last
measurement reported by our group [1]. Finally, we will report a direct optical to optical measurement of the
Hg/Sr frequency ratio with an uncertainty of 1.8 x 1075 Our value is in good agreement, within the stated
1o uncertainties, with the value reported in [2]. To the best of our knowledge, no other frequency ratio has
been measured in different labs with an uncertainty below that of the SI second. These kinds of comparisons
are essential in assessing the reliability of optical frequency standards as candidates for a redefinition of the
SI second, as well as for tests of the variation of fundamental constants.
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