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Optical lattice clocks are among the foremost contenders for the current development in ultra-high stability and
accuracy frequency standard. Many such systems are now being developed and improved throughout the world
and they are seriously considered for the redefinition of the SI unit of time, currently planned to happen in 2026.
One major technical limitation of these systems is that they haven't yet reached their ultimate short term stability,
that would be imposed by the fundamental limit called the quantum projection noise (QPN). This situation is due
to the absence of  ultra-stable  lasers  (an essential  part  of  an optical  frequency standard)  with good enough
spectral purity to sustain QPN limited operation of optical lattice clocks. Several different technology are being
explored in National Metrology Institute and other high precision measurement laboratories to go beyond the
current limitation of state-of-the-art Fabry-Perot cavity – stabilized lasers. One such technology is to stabilize a
laser  on  one  or  many spectral  holes  previously  photo-imprinted  in  a  rare-earth  doped crystal  at  cryogenic
temperatures. I will present the development at LNE-SYRTE in this direction.
Although other technologies are being explored in parallel (long Fabry-Perot cavities, cryogenic Fabry-Perot
cavities, crystalline coatings,...), we believe that high stability rare-earth stabilized lasers as pioneered by our
NIST colleagues [ThorpeNP2011], have the potential to reach the low 10-17 short term stability range near 1s that
is required for operating optical lattice clocks at the QPN limit. The rare-earth based laser systems will need to
have its spectral purity transferred to the wavelength of the various optical clocks by an optical frequency comb,
a technique we can implement with a negligible 10-18 level added noise [NicolodiNP2014]. The system at LNE-
SYRTE has now reached narrow-spectral holes of 3.2kHz FWHM, a linewidth comparable to that of typical high
finesse  Fabry-Perot  cavity  used  in  metrology-grade  laser  frequency  stabilization.  We  have  developed  a
heterodyne fully digital probing and servo-locking technique that allow us to stabilize for several hours a laser
below 2x10-14 stability at 1s, starting from laser pre-stabilized on a high finesse Fabry-Perot Cavity with 10 -13

stability at 1s. Current limitations of the system are being explored and techniques to improve the signal to noise
ratio of the detection, the stability of the cryogenic environment, and the bandwidth of the servo-locking are now
being developed.    

Figure: time trace of the frequency of the rare-earth doped stabilisation laser experiment, as measured against a state-of the
art Fabry-Perot based system via an optical frequency comb. On the left, the laser is only stabilized on the pre-stabilization
cavity (~10-13 stability at 1s). On the right, the digital servo-lock on spectral holes in rare-earth doped crystal is engaged,

leading a stability near 1x10-14 at 1s 
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