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PHARAO SPACE CLOCK 
TESTED IN THE LABORATORY OF THEODOR HÄNSCH, 2005 NOBEL PRIZE FOR PHYSICS 

 
 
Theodor Hänsch, Director of the Max-Planck-Institut für Quantenoptik (MPQ), Garching, and Professor of Physics 
at Ludwig-Maximilians-Universität, Munich, Germany, has won the 2005 Nobel Prize for Physics, which he shares 
with two American physicists, Roy Glauber and John Hall. He received the prize for his work on laser-based 
precision spectroscopy, culminating in the so-called optical frequency comb technique that uses very short laser 
bursts to measure optical frequencies. 
 
At such high levels of precision, time variation of optical transition frequencies becomes an issue, begging the 
question of how fundamental physical constants might change over time—a point raised by scientists at CNES’s 
space science seminar. 
 
Applications are also being studied, notably for cold-atom clocks, in the microwave and optical domain (since 
comparing microwave and optical frequencies is now relatively straightforward). CNES recently put forward a 
number of proposals in this area under the Fundamental Physics title of its R&T programme. 
 
Theodor Hänsch has worked closely with teams from the Paris Observatory’s SYRTE laboratory (SYstèmes de 
Références Temps-Espace) and the Ecole Normale Supérieure’s Kastler-Brossel laboratory for many years. His 
laboratory has performed experiments with the mobile fountain clock developed for the PHARAO project 
with CNES funding. This mobile caesium-atom fountain is derived from the prototype PHARAO clock flown under 
microgravity conditions in 1997 during a parabolic flight campaign on the Airbus Zero-g aircraft. It has been taken 
to MPQ in Garching twice, in 1999 and 2003, to conduct absolute measurements of the 1s-2s transition frequency 
of the hydrogen atom, with respect to the definition of the time unit given by a caesium-atom clock. These 
experiments evidenced a relative frequency error of 2 10 -14 on the 1s-2s hydrogen transition frequency, 
representing a factor-of-ten gain in precision. A comparison of the results obtained in 1999 and 2003 also provided 
the basis for defining a new stability limit for fundamental physics constants. 
 
This same mobile fountain will soon be shipped to Toulouse to provide an ultrastable reference frequency for 
performance testing of the engineering model of the PHARAO space clock at CNES in 2006.  
 
Theodor Hänsch’s laboratory is among potential users of the ACES mission (Atomic Clock Ensemble in 
Space), which could accommodate the microwave link to compare spaceborne and ground clocks, 
currently under development by Timetech/Kayser-Threde in Germany. ACES is a European payload that will 
be mounted on a platform on the International Space Station for 18 months. 
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