
Background and Introduction

Over the last decades, realization of atomic time has made tremendous progress with the advent of several 
key techniques such as laser cooling of atoms and ions, optical frequency combs generated by femtose-
cond lasers, ultra stable oscillators and ultra stable lasers, etc. These new type of clocks are progressively 
entering several field of applications typical of atomic clocks. A space atomic clock using laser cooled Cs is 
being developed, allowing improved test of General Relativity and paving the way toward other types of pre-
cision space experiments using laser cooled atoms. The accuracy of International Atomic Time is routinely 
established down to the 10-15 level using laser cooled atomic fountain clocks. High accuracy atomic clocks 
based on these advanced techniques are used to provide some of the most stringent laboratory tests of fun-
damental physical laws. Recent new proposals to use confinement of neutral in non-perturbing dipole lattice 
trap (1) or to use new species of ions together with quantum gates (2) are under study and will bring accuracy 
of atomic clock down to new levels of accuracy (10-17-10-18 range).

Development of laser cooled microwave clocks

After describing the basic principle of operation of an atomic clock, showing how new key techniques have 
allowed large improvements, I will review the main recent developments in atomic fountain clocks (3), from 
research to understand the physics of such a device, to implementation of a clock ensemble capable of 
high accuracy local and remote clock comparisons. Such clock ensembles can in turn be used for local and 
international time keeping through its contribution of international atomic time (TAI). I will describe how an 
ensemble of such clocks is and will be used to perform tests of the Equivalence Principle (Local Lorentz Inva-
riance, Local Position Invariance, stability of fundamental constants, see for instance (4,5). I will also describe 
the PHARAO/ACES program aiming at placing a cold atom clock on board the international space station 

(ISS). The aim of this project, which will fly on 
board ISS in 2013, is to be a demonstrator for 
cold atom technology in space, to demonstrate 
ground to satellite time and frequency transfer 
with improved performance, to perform tests of 
General Relativity.

Fig.1: Engineering models of the PHARAO cold atom spa-
ce clock (optical bench and vacuum tube). The PHARAO/
ACES project is funded by the European Space Agency 
and by Centre National d’Etudes Spatiales. Courtesy of 
EADS-SODERN
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Some recent developments in optical atomic clocks

While atomic fountains are reaching maturity, tremendous activity is going on worldwide to develop a new 
generation of optical atomic clocks based on optical transitions. After a brief introduction of the main mo-
tivations (in depth view of this topic will be given by Pr. Hidetoshi KATORI), I will describe work performed 
around a number of possible new applications of optical clocks and related technologies. These include 
ultra stable, regional scale, frequency dissemination using telecom fiber network, application of ultra stable 
lasers and optical frequency combs to generate reference signals for atomic fountains, for timekeeping and 
for other applications such as ultra-high resolution Very-Long Baseline Interferometry (VLBI). Optical atomic 
clocks also allow envisioning new space missions to probe space-time and gravitation in the solar system to 
unprecedented level of precision. 
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