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Spectral purity transfer between Mercury and Strontium optical lattice atomic clocks
Aim of the proposed internship
Establishing a stable and precise frequency (or time) reference is of paramount importance in
several domains, for fundamental physics (tests of special or general relativity, physics
beyond the standard model) but also for applications including maintaining the international
coordinated time (UTC), realising navigation systems such as Galileo or GPS, or
chronometric geodesy [1]. Within that context, our Mercury optical lattice clock [2] benefits
from the well-controlled properties of light-atom interactions to allow for the realization of
ultra-precise frequency measurements (with relative uncertainties as low as a few 10 -17!).
These ultra-precise measurements rely on extremely stable oscillators to act as a reference,
such as high-finesse Fabry-Perot cavities. Other techniques have also emerged to generate
ultra-stable references, such as spectral hole burning [3]. However, most of these oscillators
can only be used at a specific wavelength; therefore, there has been growing interest in
realising “spectral purity transfer” [4] in order to transfer the exquisite stability properties of
an oscillator to a different wavelength. In this context, the SYRTE laboratory organizes
spectral purity transfer tests between the Mercury and Strontium 87 optical lattice clocks [5],
which operate at very different wavelengths (1062 nm and 698 nm, respectively), through an
optical frequency comb.
The successful candidate will get acquainted with the spectral purity transfer technique, and
notably the associated experimental setup which contains an intertwined chain of elements
(optical and electronic), including servo systems – see Figure above. They will carefully
consider and measure each possible source of noise or fluctuations, and implement them into
a numerical model. This model will aim to evaluate the impact of the noise sources on the
direct comparison between the Mercury and Strontium optical lattice clocks using the spectral
purity transfer technique. Finally, the model will help optimise the impact of the new
generation of ultra-stable laser systems on the experiment.
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