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An optical lattice clock

Masao Takamoto', Feng-Lei Hong’, Ryoichi Higashi' & Hidetoshi Katori'?

The precision measurement of time and frequency is a prerequi-
site not only for fundamental science but also for technologies that
support broadband communication networks and navigation with
global positioning systems (GPS). The SI second is currently
realized by the microwave transition of Cs atoms with a fractional
uncertainty of 10~ "> (ref. 1). Thanks to the optical frequency comb
technique™, which established a coherent link between optical
and radio frequencies, optical clocks® have attracted increasing
interest as regards future atomic clocks with superior precision.
To date, single trapped ions** and ultracold neutral atoms in free
fall”® have shown record high performance that is approaching
that of the best Cs fountain clocks'. Here we report a different
approach, in which atoms trapped in an optical lattice serve as
quantum references. The ‘optical lattice clock™'® demonstrates a
linewidth one order of magnitude narrower than that observed for
neutral-atom optical clocks™®", and its stability is better than that
of single-ion clocks*®. The transition frequency for the Sr lattice
clock is 429,228,004,229,952(15) Hz, as determined by an optical
frequency comb referenced to the SI second.

Accurate atomic clocks rely on the observation of a narrow atomic
resonance Ap at a transition frequency vy that is insensitive to
external perturbations to the highest possible degree. An indicator
of clock performance is the fractional instability, which is minimized
by repeatedly measuring the high-Q (Q = v /Avp) transition. The
fractional instability is given by the Allan deviation™

_\u;(uu\/I\T) (1)

oy (7) =

can confine atoms in a submicrometre region, and its periodicity
allows the production of billions of micro-traps in a volume of
1 mm’. These features are indeed attractive for fine spectroscopy with
enhanced stability.

In general, such a lattice-trapping field significantly modifies the
internal states of atoms by so-called light shifts, and so the system was
not seriously considered for atomic clocks until the demonstration of
the light shift cancellation technique'®". The transition frequency »

%K Takamoto et al. (2005) An optical lattice clock,
Nature 435(7040): 321-324, p.321, Fig.1a.
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%K Yamaguchi et al. (2011) Direct Comparison of Distant
Optical Lattice Clocks at the 10-16 Uncertainty,
Applied Physics Express 4: 082203, p.2, Fig. 2(a).
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