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Abstract

In recent years the field of optical frequency references and frequency combs has brought forward
robust and performant optical clocks, that have already demonstrated their performance aboard cars,
ships, planes and sounding rockets. Here we present our work on the CRONOS payload, which aims to
demonstrate the feasibility of an optical atomic clock based on a rubidium two-photon transition aboard
a satellite in low Earth orbit. The purpose of this mission is to pave the way for the potential application
of optical atomic clocks in next-generation global navigation satellite systems, deep space navigation, and
fundamental science missions.

To achieve this goal, we have developed a scientific payload consisting of a micro-integrated diode
laser module, an optical amplifier, and a spectroscopy module as well as a frequency comb provided by
Menlo Systems. The payload is designed to be operable under vacuum and to withstand quasi-static loads
of 15 g, random vibrations up to 10 g, and mechanical shocks of more than 1000 g. The optical clock
is based on the monochromatic 5S1/2 to 5D5/2 two-photon transition in 87Rb, which is excited by the
diode laser at 778.1 nm. The spectroscopy module has recently undergone environmental qualification,
including vibration, shock, and thermal-vacuum testing, to ensure its robustness and reliability in space-
like conditions. The performance goal for the optical frequency reference is a relative frequency instability
of less than 3 · 10−12/

√
τ over time scales from 1 s to 100,000 s or a TDEV of 0.36 ns at one day. The

EQM of the optical frequency reference has already demonstrated a frequency instability of 2.5 ·10−13/
√
τ

at 1 s integration time, staying below 3 · 10−14 from about 100 s to 10,000 s.
We present a detailed overview of the CRONOS payload, its architecture, including key components

of the optical clock and the mission concept. We discuss system engineering challenges related to the
operation and integration of such a complex optical system within a small SWaP budget. We further
show our latest performance results which demonstrate the progress made towards achieving the mission
objectives, with a focus on the stability of the optical clock.
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