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To:  Dr. Wallard, Ms. Arias and Ms. Negadi

Re: CCL-CCTF Joint Working Group meeting 

The following are some notes of previous discussions, comments and opinions regarding atomic frequency standards and their relation to the definition of the SI second in terms of the Cesium transition.  We believe these notes are relevant to the upcoming meeting of the CCL-CCTF Joint Working Group, and we are submitting them to you now to make them available for consideration at that group meeting next week.  We agree with others that it would be wise for the CIPM to be attentive regarding the development of new advanced atomic frequency standards.  In the notes that follow, you will find our comments from NIST (in blue) interspersed within notes from the informal meeting (organized by Dr. A. Bauch), at the FCS/EFTF conference in Tampa as well as some of our ideas from earlier discussions in the context of CCL.     

We agree with the following rational for establishing a list of frequency references that could be considered for use as secondary representations of the second. 

This section extracted from e-mail from Fritz Riehle, dated 22 May ‘00

1. to facilitate the process of choosing wisely the best candidates for a potential future re-definition of the second;

2. in this respect to document the results of measurements of selected frequency standards with respect to primary frequency standards and their uncertainties; 

3. to document the suitability of certain new frequency standards for monitoring of the long-term stability of International Atomic Time TAI;

4. to allow laboratories which operate a non-Cs based frequency standard with an estimated uncertainty of realizing the unperturbed transition frequency of the particular atomic transition the attribution of the transition frequency previously measured elsewhere - as documented in the list - to their standard and its use as a secondary frequency reference. The uncertainty of a reference frequency provided that way would make up of the estimated uncertainty of the local standard combined with the measurement uncertainty as documented in the list.

We might add to the list above that some of the new standards might prove particularly useful for special applications. For instance, some of the optical frequency standards have exceptional short-term frequency stability and good accuracy that could provide unique capabilities for precise measurement of short time-intervals, and timing jitter in high data rate systems
We also generally agree with the statements in the following paragraph derived from the same e-mail, but we have edited the original text somewhat to remove mention of specific frequency standards for reasons described below. 

It was agreed that a Joint WG of CCL and CCTF should prepare a single list of reference frequencies serving the needs of both communities, represented by the CCTF and the CCL.  The list should be prepared and periodically updated by the Joint WG. Each entry should carry labels which state whether the transition is approved as a reference transition for the realization of the meter and or as a secondary representation of the second. As long as the tasks of the CCs remain unchanged, the CCL should confirm the first, CCTF the second type of attribution.  Consensus was reached that the number of CCTF-attributed transitions would currently be small and should, in fact, deliberately be kept small by applying stringent requirements. These were discussed, but due to a lack of time only the following partial list of requirements was agreed upon: 

· A detailed publication in a peer-reviewed paper (not a Letter) must exist which explains the uncertainty for realizing the unperturbed transition frequency and the measurement uncertainty with respect to a primary frequency standard.

A detailed publication in a peer-reviewed journal is definitely useful in justifying the uncertainty budget of a frequency standard, but there is no guarantee that the reviewers would be knowledgeable of our requirements.  Ultimately, the standards community directly connected to the CIPM needs to be convinced of the conclusions, and so we offer an alternative statement of these ideas below.   A peer-reviewed publication would be beneficial but we don’t see it as sufficient nor absolutely necessary.

· This uncertainty should be substantially lower than that of a high quality GPS-disciplined oscillator, preferably not more than a factor 10 above the current uncertainty of primary frequency standards.

Agreed.

· To gain confidence in the suitability for the purpose, either repeated, independently evaluated measurements with respect to a primary frequency standard should be available, or measurements using standards in different laboratories should be available. 

Agreed.

This section contains material extracted from the Bergquist/Hollberg-NIST response, of March 2002, to questionnaire CCTFWG4 as well as some additional thoughts.

Assuming a list of frequency standards is justified for approval by CIPM based on the points listed at the beginning of this note, we believe that a general set of principles should be applied to determine which frequencies are appropriate for that list.  The hope is that these principles could be general enough that they would be applicable into the future as frequency standards continue to evolve.  As we initially proposed in our response to the questionnaire, CCTFWG4, of February 2002 some basic criteria seem appropriate. We proposed a systematic approach for determining suitable transitions as secondary standards of frequency. Instead of focusing on specific cases, and setting fixed frequency uncertainties that clearly will not be stable in time, we recommend using the following 3 criteria for recommending or selecting quantum transitions suitable for secondary representations of the second.  These criteria represent the basic concepts for approving a standard, while the precise wording will require refinement by everyone involved.  It seems that these general criteria could apply equally well for microwave and optical frequency standards.
1)      *A quantum transition suitable as a secondary representation of the second must have an uncertainty that is no larger than a factor of 10 of the primary standards of that date that serve best realizations of the second.  If the uncertainty of the transition in question is outside this zone, then it will not be considered as a suitable secondary standard. 

(Comments on 1:  this approach gives a time independent, non-political, workable criteria for adding and dropping secondary standards from the list. The correct factor to be used (eg 10 as suggested above), and how to set the uncertainty of the primary standards of a given date should be recommended by the proposed joint working group of the CCTF and CCL. In particular, the final responsibility for recommending a frequency reference as appropriate for use as a secondary standard of frequency would naturally fall to the CCTF.)
2)      *The joint CCTF and CCL working group should review and discuss the proposed standard's uncertainty budget and evaluate its validity (e.g., were all perturbations considered; were they properly measured, etc.) before making their recommendation to the CCTF and CCL for the standard being added to the list of frequencies appropriate for secondary representations of the second.

(Comments on 2.  Important considerations for this evaluation will be: direct comparison to primary frequency standards, well-documented and accessible uncertainty budgets that have been carefully reviewed by knowledgably metrologists not connected with the project, publications of frequency uncertainty in peer-review journals, and a demonstration of a consistent performance over time.)

3)      *The proposed standard should be evaluated and used in more than one laboratory.

(Comments on 3.  International sanctioning/approval of a frequency reference is critically important when more than one institution wants to use it.  This does not prohibit a laboratory from developing, studying and using their own local unique frequency references as part of their own internal research.  However, for distribution and connection to the SI system of units it will require traceable to the SI definition of the second.)  

Overall comments:

By our proposed general criteria above, and as of today, none of the present microwave or optical transitions would qualify for recommendation as secondary representations of the second.  However, this field is changing very rapidly and there are strong indications that the Rb microwave standard and some optical-based standards are demonstrating frequency reproducibility at an interesting level compared to Cs primary standards.  It is not too early for the CCL/CCTF to have some well-defined procedures and records of these new developments.

Sincerely,

Leo Hollberg, Jim Bergquist and Steve Jefferts
