CCL/CCTF-03


Dear colleagues,

at the last CCTF a Working group of the CCTF on secondary representations of the second has been established (see the attached Recommendation CCTF 1 (2001) ) where your institute has been named as a member. In the mean time there have been some activities which I have listed below (see the attached list: Activities 2001). As I understand, the CIPM in its session last autumn has recommended that the activities of the CCTF working group should be harmonized with the activities of the CCL (Mise en Pratique). This may lead eventually to a joined working group of CCTF and CCL and a single list that can serve the needs of the time and frequency community and the length community as well. This is more than the scope of the recommendation CCTF1 (2001) and together with Dr. Quinn I recommend that we proceed with the work along the lines indicated in the last two items of the Activities 2001 list.

· Do you agree with this procedure?

In any case, in our working group we have to “examine and approve accurate frequency measurements of atom and ion transition frequencies made relative to the caesium frequency standard as secondary representations of the second”. I suggest that we divide our work into three parts. 

1. We should concentrate on devising criteria for transition frequencies that can serve the purpose of recommendation CCTF1 (2001).

2. We have to identify and evaluate suitable transitions in the microwave regime that can serve the purpose.

3. We have to identify and evaluate suitable transitions in the optical regime. It seems reasonable to adopt these from the Mise en Pratique of the CCL

Hence, I suggest that we discuss the following points:

1. Criteria for recommending quantum transitions for secondary representations of the second

i)
Considering the high accuracy achieved with primary Cs standards with fractional uncertainties as low as 10-15 and the low uncertainty that can be achieved with the time and frequency transfer into any laboratory, it does not seem appropriate to recommend any transition that has a relative uncertainty much above 10-14. 

· Do you agree with this statement? If so, then e.g. the hydrogen maser and a number of the radiations given in the Mise en Pratique, in particular the iodine-stabilized He-Ne laser, are not relevant for our purpose.

ii) Considering that there is a large number of possible candidates but only very few may ever be used to make a contribution to time metrology one could adopt the stand point to recommend only those transitions that are likely to be used for a secondary realization of the second.

· Do you agree with this statement?

iii) Considering that the ultimate uncertainty can be reached only with absorbers where the corrections due to the second-order Doppler effect (time dilation effect) can be kept small transitions in (laser ?) cooled samples are required.

· Do you agree with this statement?

2. Secondary representations of the second in the microwave region

The most obvious candidate seems to be the 87Rb hyperfine transition that has been measured in an atomic fountain:

S. Bize et al: High-accuracy measurement of the 87Rb ground-state hyperfine splitting in an atomic fountain, Europhys. Lett. 45, 558-564 (1999) and

P. Lemonde et al: Cold-Atom Clocks on Earth and in Space in Frequency Measurement and Control, A.N. Luiten (ed) Springer 2000, pp.131 - 152

The value given there is:

fRb=6 834 682 610.904 333(17) Hz 

Another candidate is the 199Hg+ hyperfine transition

D. J. Berkeland et al: Laser-Cooled Mercury Ion Frequency Standard, Phys. Rev. Lett. 80, 2089-2092. The value given there is

fHg,mw = 40 507 347 996.841 59(14)(41) Hz

Another candidate is the 171Yb+ hyperfine transition

P. Fisk et al: Accurate Measurement of the 12.6 GHz "Clock'' Transition in Trapped 171Yb+ Ions, IEEE Trans. Ultrason. Ferroelec. Freq. Contr., 44, 344--354 (1997)
fYb,mw =12.642 812 118(2) Hz 

This standard is based on a large number of buffer gas cooled ions, laser cooled samples have been prepared recently (Contribution at the International Conference on Frequency Standards and Metrology, St. Andrews, September 2001)

· Do you want to include these transitions and/or others?

3. Secondary representations of the second in the optical region

· Which ones of the recommended radiations given in the CCL recommendation presented in Dr. Quinn's email would you include? 

(e.g. 199Hg+ 1.064 PHz transition, 171Yb+ 688 THz transition)

I suggest that the members of the CCTF working group on secondary representations of the second begin to discuss these and any other topics you find related to this issue. 

It would be most helpful if you could send me an answer before the 15 th of March 2002. 

With the best regards

Fritz Riehle

Recommendation CCTF 1 (2001):

Secondary representations of the second

The Consultative Committee for Time and Frequency,

considering that

· the present definition of the second, based on the caesium 133 atom, remains unchanged, 

· there are a number of new atoms and ions being studied as potential bases for atomic frequency standards,

· new optical-frequency measurement concepts may allow the use of optical transitions as practical frequency standards, since they provide for a direct microwave output from such standards,

· new frequency standards based on other microwave transitions are being studied,

· one of these new standards could eventually be considered as the basis for a new definition of the second;

intends to examine and approve accurate frequency measurements of atom and ion transition frequencies made relative to the caesium frequency standard as secondary representations of the second,

recommends that

· a list of such secondary representations of the second be established,

· the requirements for documentation of uncertainty that apply to secondary representations of the second be the same as those for primary caesium standards for use in International Atomic Time.

Activities in 2001

June 2001, CCTF

· CCTF has established a working group whose task was to propose a list of quantum transitions at the next CCTF to be used as secondary representations of the second. 

· The members were IEN, LPTF, NMIJ, NIST, NPL, NRC, PTB, VNIIFTRI.

· PTB was asked to chair this working group

· BIPM was asked to establish proper links to the CCL working group of the Mise en Pratique.

September 2001, CCL

· Dr. Quinn proposed the subject to CCL.

· CCL proposed an updated list of radiations to the CIPM that also includes secondary representations of the second. 

October 2001

Dr. Quinn, in preparation of the meeting of the CIPM, asked the members of the working groups of CCTF and CCL whether 
i) the list of the Mise en Pratique could serve as the basis of a joint list of both working groups and
ii) if a joined working group of CCL and CCTF could be formed to accelerate the process. 
October 2001, CIPM

CIPM recommended that discussions between CCTF and CCL should continue possibly leading to a joint CCTF/CCL working groupto set up a single list of frequencies that includes reference frequencies for the definition of the metre and frequencies used as secondary representations of the second.

Next steps

1. The working group of CCTF has to decide on criteria for radiations that can serve as secondary representations of the second and to present this list to the next CCTF.

2. Dr. Quinn proposed to meet with Dr. P. Gill and Dr. F. Riehle and possibly other members of the CCTF working group attending the course at the BIPM (21,22 March 2002 at the BIPM) to discuss the matters and make preparations for a joined working group of CCTF and CCL which could be put into operation immediately after approval by the CCTF.

