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response to a call for participation in the IERS, the BIPM and the USNO have been working together 

to provide information for the Conventions Product Centre (CPC) of the IERS since I January 2001. 

Activities related to the realization of celestial reference frames and series of Earth rotation parameters 

are being developed by E.F. Arias in cooperation with the IERS [I, 9, 10, 23] and La Plata 

Observatory (Argentina) [7, 8]. 

6 Other studies 

In collaboration with the BNM-LPTF/OP, scientists of the section are involved in the evaluation of the 

possible use for international time keeping of highly stable and accurate space clocks, in particular 

those that will be operated within the ACES (Atomic Clock Ensemble in Space) experiment on board 

the international space station in 2003. Because of the micro-gravity environment such laser-cooled 

clocks are expected to reach relative uncertainties in the low 10- 16 region, hence presenting an 

improvement by at least one order of magnitude with respect to current primary standards. They will 

therefore be of primordial interest for the establishment of TAl accuracy. Recently a complete 

theoretical treatment of the relevant relativistic corrections affecting the clocks as well as the time 

transfer has been carried out and published [6] in collaboration with the Observatoire de Paris and the 

Ecole Normale Superieure (ENS). 

More generally the active field of atomic interferometry using laser-cooled atoms on the ground and on 

board satellites stimulates collaboration between the Time section and laboratories involved in these 

developments. As a consequence P. Wolf spent on a one-year secondment with the BNM-LPTF/OP on 

a CNES (Centre National d'Etudes Spatiales) grant to study possible applications of this technology in 

fundamental physics and metrology. A first study concerned the possibility of detecting gravitational 

waves using a space-borne gyroscope based on atom interferometry. The results (partly published) 

showed that such detection was unlikely given the present and expected state of the technology. The 

major part of the collaboration was then devoted to the investigation of systematic effects in primary 

frequency standards due to the quantization of external states of the atomic wave packets arising from 

the microwave recoil. Simple order of magnitude calculations show that such effects should give rise 

to shifts in relative frequency of at least a part in 10 16 and up to a part in 10 15 for increased microwave 

power, which is of the same order as the uncertainty of the best current frequency standards. However, 

a more detailed theory and numerical simulation showed that these shifts cancel to a large extent owing 

to multiple atomic wave interference in standing microwave fields. The same theory predicts an 

observable effect on the contrast of the interference pattern (Ramsey fringes) under certain conditions. 

Experiments are under way at the BNM-LPTF/OP to verify those predictions which would 

experimentally justify neglecting corrections arising from such recoil effects in the frequency 

evaluations of the best primary frequency standards. 
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