CCL/CCTF-13


Questionnaire previous to the 2003 meeting of the ad hoc CCL/CCTF joint  working group

1. Frequency sources in the microwave and/or in the optical domain

1.1. Have you made absolute frequency measurements of existing sources included in the CCL list of recommended radiations (Mise en Pratique 2001)?


Yes 


No

If yes, please list the values and uncertainties obtained and the method used (comb, chain or other techniques) and refer to the publication in which they may be found. Please be sure to include measurements made in other laboratories in your country.

Radiation Involved
Frequency / Hz
Type A

Uncertainty (random effects)
Type B

Uncertainty
(systematic effects)
Combined*
Standard Uncertainty
Method
Reference

88Sr+
444 779 044 095 490
25 Hz
43 Hz
50 Hz
Comb
1, 2

188OsO4 Q(15)
28 832 016 698 260
150 Hz
425 Hz
450 Hz
Chain
3

He-Ne/I2
473 612 353 605 300 (INMS-2)

473 612 353 602 900 (INMS-3)


150 Hz

150 Hz
300 Hz

600 Hz
335 Hz

620 Hz
Comb
1

* Combined standard uncertainty from quadrature sum of Type A and Type B uncertainties.
1. Strontium Single Ion Absolute Frequency: 

A Cs atomic clock-H maser based, femtosecond laser frequency comb has been developed and operated at NRC.  This system has been used to measure the 445 THz (674 nm) 88Sr+, 5s 2S1/2- 4d 2D5/2 absolute transition frequency.  This radiation is as given in section 1.9 of the 2001 CIPM list of approved radiations.  The results were based on four different measurement periods spanning Aug. 2002 to Nov. 2002.  Measurements were employed on a single trapped and laser cooled 88Sr+ atom and correspond to the centre frequency of the Zeeman multiplet.  The measurement results yielded a value of [1,2]:

= 444 779 044 095 490 ± 50 Hz (1().

2. Measurements of a 29 THz CO2 laser stabilized on Q(14) and Q(15) lines of 188OsO4 Absolute frequency measurements were performed using the NRC Cs based infrared frequency chain on a CO2 laser operating on the R(0) transition and stabilized on the Q(14) and Q(15) lines of 188OsO4 giving [3]:

(= 28 832 016 698 560 Hz ± 150 Hz (1()      Q(15) transition

( = 28 832 013 155 970 Hz ± 300 Hz (1()      Q(14) transition

The laser systems were operated with a peak to peak modulation depth of 90 kHz, OsO4 cell pressure = 0.066 Pa, and an intracavity beam power of P = 280 (W with an average Gaussian mode radius of ( = 4.0 mm within a 1-m long cavity of finesse = 175.  Detection of the reference transition was made by wavelength modulation at 1.4 kHz with demodulation at the third harmonic.  The new setup employs pre-stabilization of the CO2 laser on an evacuated and vibrationally isolated Fabry-Perot cavity yielding probe laser linewidths of better than 5 kHz.

Extrapolation to zero gas pressure and optical power yielded a value for the Q(15) line of [3] :

(= 28 832 016 698 260 Hz ± 450 Hz (1().

3.  474 – THz  I2 / HeNe Laser Frequency:
The absolute frequency of two of NRC’s 474-THz I2/HeNe laser systems (INMS-2, INMS-3) has been measured using the NRC absolute frequency comb.  The comb is referenced to the NRC Cs clock - H maser ensemble for the realization of the SI second. In addition, absolute frequency measurements were performed at the BIPM on March 14, 2003 for the INMS-2 laser system.  The lasers were operated on the 474 THz (633 nm) 127I2 11-5 band R(127) line and were locked to the component “f” (or “a16”). 

Based on four different measurements spanning from March 6, 2003 to March 25, 2003 using the NRC and BIPM frequency measurements systems, the absolute frequency of the INMS-2 laser system was determined as [1]:

(f (INMS2) = 473 612 353 605 300 ± 335 Hz (1( ) 

corrected for exact operating conditions as specified in the mise-en-pratique. 

Based on four different absolute frequency measurements spanning the period of May 21, 2002 to March 25, 2003, the absolute frequency of the INMS-3 laser system as measured by the NRC frequency comb measurement system was determined as [1]:

(f (INMS 3) = 473 612 353 602 900 ± 620 Hz (1()

corrected for exact operating conditions as specified in the mise-en-pratique.
The differences between the results of the two operating systems are believed to be due to shifts due to the use of different I2 reference cells in the different laser systems.  As shown in numerous international intercomparisons [4] such “cell-based” shifts frequently dominate the determination of the accepted value for this radiation.  It is thus considered that a global average of absolute frequency determinations for HeNe/I2 systems across many contributing national measurement laboratories may be in order for the determination of the final recommended value. 

1.1.1. Do you think that these sources could be proposed as candidates for secondary representations of the second?


Yes 


No

The 445 THz (674 nm) 88Sr+, 5s 2S1/2- 4d 2D5/2 absolute transition frequency of the strontium single ion standard has the potential to achieve reproducibilities and accuracies into the 10-16 level and beyond (given sufficient evaluation of the systematic shifts of the ion reference). It is thus possible for this system, along with a link using frequency comb technology, to exhibit a performance which is comparable or superior to that obtained with the best Cs standards in terms of stability and accuracy. The trapped, laser cooled single ion is an extremely close approximation to an ideal isolated quantum system. The designated conditions for the realization of the reference frequency are straightforward and not reliant on the specification of a series of operating conditions and tolerances as encountered in gas cell based optical frequency standards. To our knowledge, the strontium ion S-D transition at 445 THz is the only single ion system being actively explored by more than one National Measurement Laboratory (NRC & NPL (UK)) as a potential optical frequency standard. The simplicity of the laser technology involved for the necessary laser cooling transitions has made it an attractive candidate for the replication of the device in different measurement laboratories. The Sr+ S-D reference frequency was the first single ion reference selected by the CCL mise-en-pratique working group due mostly to the fact that the system was reasonable straightforward to implement. It could therefore be expected that there is a potential for the widespread use of such a system once its ultimate performance is demonstrated. To date, the accuracies of the absolute frequency measurements have not yet surpassed the 50 Hz (1 × 10-13) level. However, given the good progress at the laboratories studying the standard, measurements at the 1 × 10-14 level or below may occur within the near future (i.e. before the next meeting of the CCL).

1.2. Have you made absolute frequency measurements of existing sources not included in the CCL list of recommended radiations (Mise en Pratique 2001)?


Yes


No

If yes, please list the values and uncertainties obtained and the method used (comb, chain or other techniques) and refer to the publication in which they may be found. Please be sure to include measurements made in other laboratories in your country.

1.2.1. Do you think that these sources could be included in an updated list of recommended radiations and/or proposed as candidates for secondary representation of the second?

Yes


No

1.3. Are you currently developing new frequency sources?


Yes


No

If yes, please give a brief description of your experiment.

For a number of years, research has continued in the development of the optical frequency standard based on a single, trapped and laser-cooled strontium ion at 445 THz (674 nm).  As described in section 1.1, a new series of absolute frequency measurements were undertaken to determine the absolute reference frequency via the new NRC frequency comb measurement system linked to the NRC rf time standards.  A series of measurements spanning a period of 4 months have been completed which has improved the knowledge of the reference frequency to an uncertainty of ± 50 Hz (1).  Recently, a new probe laser system at 445-THz frequency has been developed and implemented into the experiment. The new probe laser system employs two cascaded, evacuated and vibrationally isolated, reference Fabry-Perot cavities which reduce the linewidth of a commercially available external cavity diode laser system to the Hertz level with improved background rejection, lower drift and better reliability.  Early results using the new source have produced resolved linewidths at the 100 Hz level and absolute frequency determinations commensurate with the previous measurements.  The improved resolution and stability of the probe to the single Sr+ ion system will soon yield absolute determinations of the reference transition limited by Canada’s realization of the SI second via its present rf time standards ((1-2) × 10-14).  Further improvement is expected with the implementation of the NRC Cs fountain standard, which is currently under development.  A second new ion trap system is also being assembled which will provide better control of the ion micromotion in all three degrees of motion and allow intercomparison between independent trapping systems.  This will enable a closer examination of parameter shifts for the single ion standard. 

The optical frequency standards project of NRC also maintains an Iodine stabilized dye laser system which can be stabilized on reference iodine lines from 540 nm to 620 nm.  The system allows calibration of stabilized HeNe lasers at the mise-en-pratique recommended wavelengths of 612 nm (490 THz), 543.5 nm (552 THz), and 576 nm (520 THz).  The link to known iodine reference lines is extended to the 1.15 (m (260 THz) HeNe transition via a resonant frequency doubler system.  An evaluation of the stabilized dye laser system has been performed and the results have been recently published [5].

Interest in standards within the 1.5 micron telecommunication band has prompted work at NRC into the development and absolute frequency measurement of these standards.  As an extension to the number of accurate reference frequencies across this band, we have developed a compact frequency standard system that utilizes saturated absorption resonances in acetylene.  The heart of the system is a frequency-stabilized, extended cavity diode laser tuneable between 1510 nm and 1580 nm and locked to an acetylene gas filled Fabry-Perot interferometer.  The construction is similar in concept as previously developed systems in other laboratories [6,7].  Two independent systems have been constructed and tested.  An extensive intercomparison of the reference laser systems have been performed which included sensitivity studies of the laser frequency to such operating parameters such as gas pressure, modulation excursion, and power within the absorption cell.  The results indicate that reproducibilities at the level of 5 kHz are obtainable with control of operating parameter shifts at the kilohertz level [8].  The stability of these devices is comparable to the existing state-of-the-art 633-nm HeNe/I2 standard systems (5 × 10-12 at 1 s averaging).  Contributing to this research, a frequency link between 194-THz (1.54 (m) region and the NRC frequency comb has been developed.  Frequency doubling of the 194-THz radiation is achieved in waveguide enhanced, periodically poled lithium niobate that allows the generation of tens of micro-watt level powers at 390-THz that overlap the operating spectrum of the NRC frequency comb.  Preliminary results of the absolute frequency of a number of reference lines have been recently obtained. In addition to this work, research is proceeding on an evacuated, ultra-stable cavity at 1.5 m wavelength, which will have drift rates on the order of MHz/year.  Preliminary results have been obtained with the device.  Such a device presents a sufficiently stable and simple reference grid of resonance frequencies where the lack of strong absorbers impedes development of stabilized sources.

2. Working group

2.1. Concerning the membership of the joint CCTF/CCL, do you agree on

2.1.1. including all the members of the CCTF working group on the secondary representations of the second and all the members  of the CCL MeP working group?

Yes


No

2.1.2. including some of the members of the CCTF working group on the secondary representations of the second and some of the members  of the CCL MeP working group?

Yes


No

2.1.3. nominating experts from laboratories that are not members of the CCTF and the CCL?


Yes


No

If so, who would you like to propose? Note that we may need to restrict the numbers so that it may be necessary to restrict the number of such people.


Ideally it would be advantageous to have the participation of members from both the CCTF working group on the secondary representations of the second and the CCL MeP working group. Members from each group bring special talents to addressing the issues of time/ frequency realization and the construction of laser based optical frequency standards. Practically, it may be difficult to have the full participation from the CCTF and CCL MeP groups given that all members may not be interested in participating in the new joint working group. It is thus more likely that the joint group be made of partial participation from the two other base working groups based on interest and active research in the domain. Given the wide ranging work on such technologies as atomic fountains, optical frequency standards, and frequency combs, it would be to the advantage of the joint group to incorporate experts from other laboratories that are not members of the CCTF and the CCL. 

2.2. Do you agree that the chairpersons of the joint CCTF/CCL working group should participate in the forthcoming CCTF and CCL meetings so that a direct report can be given?


Yes


No

2.3. Do you think that the joint CCTF/CCL working group should regularly meet apart from the CCTF and CCL meetings?


Yes


No

The complexity and cost in time and resources needed to deploy staff from National Metrology Institutes (NMI) would become quite prohibitive if the joint CCTF/CCL working group would meet apart from the CCTF and CCL. The problem would be how to choose the time and location since both the CCTF and CCL meet at the BIPM at different periods in the year. A possible solution would be to have consecutive meetings of the CCL and CCTF with the joint group meeting in the period in between the two major working groups. Another possibility would be to have a concurrent meeting of the CCL and CCTF. This however would probably exceed the resources of the BIPM to host such a large number of meeting groups. 
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