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Abstract. 

 

The frequency of 127I2 hyperfine component a3 of the P(13) 43-0 transition at 514.6 nm has 

been measured with an optical clockwork based on a femtosecond laser frequency comb 

generator. The measured frequency at an iodine pressure of 0.12 Pa is 67.3(0.75) kHz higher 

than the value of 582490603.38(15) MHz, adopted by the CIPM in 2003 [T.J. Quinn, 

Metrologia 40, 103 (2003)] but is in a good agreement with the value measured by R.J. Jones 

et al [Appl. Phys. B74, 597 (2002)]. In our experiment we used H-maser reference frequency 

located at BNM-SYRTE Observatoire de Paris and transported to our laboratory by a 43 km 

optical fibre link. 
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1 Introduction 

The recent advances in optical frequency synthesis and metrology by using femtosecond 

mode-locked lasers [1-4] as well as progress in microwave frequency standards with cooled 

atoms [5-7] and cryogenic oscillators [8], opened a promising era in time-frequency 

standards. The enormous simplification of absolute frequency measurements in the optical 

range and the possibility of one-step coherent transfer of optical reference stability to the 

microwave range put optical frequency standards into a new perspective. At the same time the 

stability of today’s primary Cs standard can be transferred relatively easily to the IR, visible 

and UV spectral ranges and thus intermediates frequency references are not needed any more 

for precision experiments in the optical range. Nevertheless, developments of relatively 

simple and cheap transportable secondary laser frequency reference systems are very 

important for fundamental and practical applications. These systems could have a 

reproducibility in the range 10-13 – 10-14 which is better than the usual commercial microwave 

standards. After frequency calibration with respect to a primary Cs frequency standard they 

could be used for high precision measurements over all the optical range via a femtosecond 

frequency comb transfer oscillator. 

Secondary laser frequency references based on iodine absorption lines are promising due 

to their relative simplicity, wide grid of reference lines in the 0.5 – 0.9 µm spectral range, and 

high frequency reproducibility. The reference lines can be detected with a width of a few 

hundreds kHz (∆ν/ν ∼ 10-10) and even ∆ν/ν ∼ 10-11 near the dissociation limit (λ ≈ 500 nm), 

which gives the possibility to obtain frequency reproducibility at the level of 10-13. As a 

matter of fact the CIPM is recommending 7 laser sources for the realization of the metre using 

iodine reference lines for frequency stabilization [9]. Untill recently the choice of the iodine 

line for frequency stabilization was motivated by the existence of acceptable laser sources and 

CIPM recommends mostly He-Ne lasers. However, due to fast progress in the fields of diode 

lasers, diode pumped solid state lasers and non-linear optics, systematic search of the best 

iodine reference line is in progress now [10]. Today’s most promising standard based on the 

iodine reference is the Nd+3:YAG/SHG diode pumped laser at 532 nm [11-14], even though 

the reference line is still broad in this case (approx. 250 kHz). The most interesting spectral 

range is 500 – 520 nm near dissociation limit of I2. Owing to the increase of the iodine B state 

lifetime [15-16] reference lines may have widths of a few kHz [10]. For example, the natural 

width of the a2 hfs component of P(13) 43-0 transition at 514.6 nm is 48 kHz [17]. The width 
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of the saturated absorption resonance at 62-0 R(26) at 501.7 nm was measured to be less than 

28 kHz [18].  

A large number of iodine spectroscopic data gives the possibility to identify a 

particular iodine line and a hyperfine structure (hfs) component and to calculate the frequency 

of hfs components with an accuracy better than 0.2 MHz in the range 776 – 815 nm, 3 MHz 

in the range 526 – 667 nm and 30 MHz in the ranges 515 – 526 nm and 667-676 nm [19]. To 

increase this accuracy, especially in the most interesting and less explored range, 

measurements of absolute frequency of iodine lines are required. Before the era of 

femtosecond frequency comb metrology the frequencies of iodine lines at 633 nm [20-21], 

532 nm [11], 576 nm [22] and 815 nm [23] were measured with a conventional frequency 

divide chain or using combinations of earlier measured optical frequency standards. With fs 

comb generators (FCG) the frequencies of iodine stabilized lasers at 532 nm [24-26], 633 nm 

[27-28] and recently at 515 nm [29] were measured. 

In this paper we present an absolute frequency measurement of the Ar+ - laser frequency 

stabilized to iodine hyperfine component a3 of P(13) 43-0 line at 514.6 nm in a low pressure  

iodine cell. We used the techniques of self-reference [30-31] and of transfer oscillator [32-33] 

to measure the Ar+/I2 frequency with only one counting channel system, without stabilization 

of carrier-envelope frequency offset, f0, and without another absolute optical frequency 

reference. We also demonstrate an “optical clock” when the repetition rate frep of the fs laser 

was stabilized to the frequency of Ar+/I2 –frequency standard. The measurements were carried 

out using the BNM-SYRTE1 primary frequency standard, the metrological properties of 

which being transmitted to LPL with a long-distance optical link [34]. 

 

 

2 Ar+/I2 frequency standard. 

The Ar+/I2 stabilization set-up was developed many years ago [35], and recently was 

modified for ultrahigh resolution Raman spectroscopy of iodine [36]. A specificity of the set-

up is the 4 m long low pressure iodine cell which gives the possibility to observe high contrast 

saturation resonances with iodine pressure in the range 0.01 – 0.1 Pa. The cell is not sealed 

and may be pumped during experiment to minimize buffer gases and impurities. Our 

experiments on Raman spectroscopy of iodine in this cell demonstrate resonance widths of 

                                                 
1 BNM-SYRTE, UMR 8630 CNRS, Observatoire de Paris, 61 avenue de l'Observatoire 75014 Paris, France 

 3 



2.6 kHz, that indicate an upper limit of residual buffer gases and impurity pressure less than 

0.04 Pa [36]. The experimental set up is shown in Fig 1. 

The linewidth of the single mode Ar+ - laser (Spectra Physics - 2020-5) operating at 

514.6 nm is reduced when its frequency is locked onto a mode of a highly stable Fabry-Perot 

interferometer detected in reflection with the Pound-Drever-Hall method. The laser line width 

was estimated to 20 kHz, mainly limited by the stability of the Fabry-Perot interferometer 

itself. The Ar+ laser frequency is then stabilized onto the iodine a3 hfs component of 43-0 

P(13) transition at 514.6 nm, detected in saturated absorption spectroscopy. The probe beam 

frequency is modulated at 2.5 MHz with an acoustooptic modulator (AOM). A system for the 

narrow-band control of the beam intensity at the modulation frequency is used for the 

rejection of the residual amplitude modulation generated by the AOM [37]. Phase sensitive 

detection of the probe beam at 2.5 MHz gives an error signal with a dispersion shape. An 

additional amplitude modulation of the saturation beam at 5 kHz and a second phase sensitive 

detection were used to eliminate the residual offset of the error signal due to the Doppler 

background. Fig.2 displays the error signal obtained with an iodine pressure of 0.12 Pa, probe 

and saturation beam powers equal to 0.8 and 2 mW respectively, and beam diameters of 6 

mm. 

The correction signal for frequency stabilization is applied to the piezoceramic transducer 

(pzt) which controls the length of the Fabry-Perot interferometer. Bandwidth of the correction 

loop is approximately 100 Hz. For absolute frequency measurement, a small amount of Ar+ - 

laser power (approx. 10 mW) was directed along a 20 m polarization maintaining single mode 

fibre (PMSMF) to the experimental room where the femtosecond comb generator set-up was 

located.  

 

 

3 Frequency measurement procedure and femtosecond comb generator (FCG) set up.  

3.1 Principle of measurement 

The scheme of our FCG is similar to many existing setups for absolute frequency 

measurements with femtosecond lasers. The principle of absolute frequency measurement is 

based on the property that the frequency of any particular mode of the femtosecond comb is 

given at every moment with an extremely high relative accuracy ∼ 10-18 [33] by the equation: 

fp (t) = f0 (t) + p frep(t),       (1) 
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where f0 is the carrier-envelope offset frequency [38], frep is the repetition rate of fs laser. To 

measure a frequency fx, one has to compare it with a primary frequency standard. If the fs 

comb delivers sufficient power near the frequency fx, the beat signal δ(t) = fx - fp(t)  as well 

as frep (t) and f0 (t) could be controlled with respect to the primary frequency standard to 

measure fx: 

fx = f0 (t) + p frep(t) ± δ(t)     (2) 

The problem of the uncertainty of the integer p has to be solved by fx pre-measurement with 

an uncertainty xx ff∆  of the order of 76
xrep 1010ff −− −≈ , which is easily done with 

commercial lambdameters. The (±) indetermination in the equation (2) may be removed by 

varying frep. To control f0, the self-reference technique of FCG may be used [30]. It used 

nonlinear optical processes for phase-coherent transfer of one or several parts of the comb to 

the same frequency domain or to a frequency domain where initial comb has enough power 

density. Information about f0 is then given by a beat note signal. The simplest case may be 

realized when the initial comb spans more than one octave [31]. Thus the second harmonic 

(SH) of the low frequency wing of the comb can overlap the high frequency wing, and their 

beat notes gives directly f0: 

  2(f0 (t) + p frep(t)) – (f0 (t) + 2p frep(t))= f0 (t). 

If signals f0(t), frep(t), δ(t) are detected with a high S/N ratio (more than 30-40 dB in a few 

hundred kHz bandwidth), it is possible to measure the frequency ratio fx/fref of two 

frequencies fx (unknown) and fref (reference frequency) with an accuracy much higher than 

the relative accuracy of the primary frequency standard. In this case, real time signal 

processing as mixing and direct-digital synthesis, are needed without measurements or a 

phase-lock controlling of f0 and frep. Control of fref with the accuracy of the primary frequency 

standard will give the optical frequency fx with the accuracy of the primary standard. In this 

case the concept of optical transfer oscillator based on FCG is fully realized [32]. It is a very 

important point that this allows comparison of frequencies, via a frequency ratio, of different 

frequency standards with an extremely high precision. As a result, this can improve the 

accuracy of fundamental constants variation experiments [39].  

Following the concept of transfer oscillator, the signals f0(t) and δ(t) are mixed by a 

double balance mixer (DBM) to obtain the signal : ∆(t) = f0(t) ± δ(t). According to equation 

(2), with a proper choice of DBM output :  

∆(t) = fx  - p frep(t),     (3) 

which will not depend anymore on f0(t), and there is no need to measure or stabilize f0.  
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 The most critical value is frep as it is multiplied by a factor N ≈ 105 - 106 in equation 

(2), when the visible frequency is measured with a fs laser of frep ≈ 108 – 109 Hz. If frep is 

controlled by phase locking to a local oscillator (LO) then, after multiplication of LO phase 

noise spectral density by factor N2, this noise becomes a frequency noise in the optical 

domain [40]. This phenomenon restricts the servo loop bandwidth, and, as a result, the 

accuracy of the measurement, which would require a longer measurement time. An extremely 

high quality of LO is needed for this scheme.  

To measure the absolute frequency fx, one needs either to lock frep to a LO controlled 

by a primary frequency standard and count ∆(t), or to use the signal ∆(t) for locking frep to the 

optical frequency standard and to count frep. In the first case phase noise of LO is a serious 

problem as discussed above. In the second case the fs comb generator works as a coherent 

optical divider which transfers the metrological properties of the optical standard to the radio 

frequency range : an “optical clock” is realized. This is a way to develop a radio frequency 

oscillator with low phase noise and ultrahigh short term stability.  

In our set up we used and compared these methods to measure the frequency of Ar+/I2 

stabilized laser.  

 

3.2 Experimental set-up 

 Fig. 3 shows the scheme of our set-up. Our femtosecond optical comb was produced 

with a 1 GHz repetition rate Ti:Sa laser (GigaJet) [41] and a photonic crystal fibre (PCF) [42]. 

When pumped by 5W of frequency-doubled Nd:YVO4 laser (Verdi V), the fs laser generates 

an average power of about 650 mW. Approximately 30% - 40% of the laser output power was 

injected into a 25-30 cm long PCF with a core diameter 2 µm with f = 2.75 mm aspherical 

lens L1. A λ/2 plate was used to control the spectrum at the PCF output, which is sensitive to 

the input laser polarization. PCF with core diameters 1.8, 2 and 2.25 µm were tested. It was 

observed that initial pulse broadening to the visible part of the spectrum is more sensitive to 

fibre core diameter and less sensitive to fibre length. By contrast, spectral broadening to the 

infrared part is sensitive to fibre length. Output spectra suitable for our measurements were 

obtained with fibres of diameter 2 and 2.25 µm and length 20-30 cm. Fig. 4 shows PCF 

output spectrum for a core diameter of 2 µm and a length of 25 cm.  

The output beam from the PCF was collimated with a second aspherical lens L2. Actually 

only the visible part of PCF output was collimated while, due to chromatic aberration, the 

infrared part was slightly divergent. The infrared part of the spectrum was separated from the 
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visible part with a dichroic mirror and, after frequency doubling in a 5 mm long LBO crystal, 

was combined with the visible part of the PCF output beam to obtain the beat note at 

frequency f0. Two lenses L3 and L4 with f=10 cm were used to focus the IR radiation into the 

non-linear crystal and to collimate the green SH radiation after crystal. The LBO crystal was 

cut for critical phase matching at λ=1 µm. By tuning the crystal around its Z-axis it was 

possible to adjust the phase matching conditions in the range of 0.95 - 1.05 µm. In our case 

the IR radiation centred at 1.03 µm is doubled to visible range with a bandwidth of ∼ 5 nm. A 

variable optical delay (VD) was used to match the optical path lengths of both arms of the 

interferometer with an accuracy of 10 µm, and thus to overlap temporally both pulses from 

both arms. A 1200 l/mm grating was used for spectral filtering of radiation going to the fast 

PIN photodiode (PD) to reduce the background noise and the large signal at 1 GHz. The f0 

signal varies from 200 to 400 MHz depending on the Ti:Sa cavity adjustment. It was detected 

with a S/N of ∼ 40 dB in 100 kHz bandwidth. Approximately 5 mW of Ar+-laser radiation 

after PMSMF was matched with the green part of the comb to get the beat note (signal at 

frequency δ). A spectral filtering with grating was also used to reduce the background noise 

and the large signal at 1 GHz. Usually S/N was 35 dB in 100 kHz bandwidth. Then the signals 

“δ” and “f0” were amplified up to level of 0 dBm, and mixed in a double balance mixer 

(DBM). The output signal at |δ - f0| was filtered with a band pass filter (BPF) at 21.4 MHz. 

The |δ - f0| frequency was tuned to the BPF centre by adjusting the repetition rate frep by 

changing the Ti:Sa cavity length with pzt. After amplification this signal with S/N ∼ 35 dB 

was directed to either a high resolution counter HP/Agilent 53132A or the GigaJet pzt to 

phase-lock the repetition rate to Ar+/I2 –frequency standard (see fig.3).  

 The repetition rate frep of the Ti:Sa laser was detected with a fast PIN PD. Its output 

was mixed with the signal from a RF synthesizer ROHDE&SCHWARZ SML 01 (R&S) 

operating at ∼ 1 GHz to get a signal in the RF range. This signal |fsynth – frep| was used either 

for phase locking the repetition rate to the R&S synthesizer (in this case frep = fsynth) or for 

frequency measurement with the counter. All the RF synthesizers and the counter were locked 

to a 10 MHz local oscillator (LO) produced with the second harmonic of a high quality low 

phase noise quartz oscillator. This LO was locked to the BNM- SYRTE primary frequency 

standard [34]. RF signal with the metrological characteristics of the BNM- SYRTE primary 

frequency standard was transmitted to our laboratory via a 43 km optical fibre. The complete 

optical link includes a distributed feedback (DFB) semiconductor laser (λ=1.55 µm) located 

in BNM- SYRTE, a 43 km optical fibre and a PIN photodiode located in our laboratory. The 
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DFB laser current is modulated at 100 MHz directly controlled by the BNM- SYRTE H-

Maser. The amplitude modulation is detected by the PIN PD at the output of the link and a 

quartz oscillator at 5 MHz was locked to this signal. 

 

3.3 Measurement procedure  

Two methods were used to measure the Ar+/I2 frequency. First we locked the 

repetition rate of the fs laser to the R&S synthesizer (switches in position 1 at fig. 3 ) and the 

signal |δ - f0| ≈ 21.5 MHz was counted. Fig.5 shows the power density spectrum of this signal 

detected with a spectrum analyser (SA). The solid line corresponds to the case when the 

repetition rate is locked to the R&S synthesizer with a servo loop bandwidth of ∼ 1 kHz. This 

bandwidth was optimised to obtain the narrowest spectrum for the signal. When increasing 

the bandwidth, the spectrum becomes larger due to the transformation of the RF synthesizer 

phase noise to jitter of the fs laser comb. With a lower bandwidth, acoustic perturbations in 

the laboratory becomes the dominant contribution in spectral broadening.  

The signal |δ - f0| was counted with a counter gate of 1 s. The counter was controlled 

by a computer which calculated the mean frequency and the Allan deviation from a series of 1 

s gate measurements. In these measurements we did not use any tracking oscillator or any 

system of control of cycle-slips in the PLL. We only removed at the end of the measurement 

procedure the few points whose frequencies differ more than ∼10 σ from the mean frequency, 

where σ is the standard deviation for a 1 s measurement.  

In the second method (switches in position 2 at fig. 3 ), the frequency of the signal |δ - 

f0| was divided by 64 in order to phase-lock the ∼ 581840-th harmonic of the repetition rate to 

the Ar+/I2 stabilized laser frequency. The 64-time frequency divider was used to increase the 

dynamical range of the PLL system. The servo-loop bandwidth in this case was ∼ 10 kHz and 

was limited by the dynamical properties of the Ti:Sa laser’s pzt. Dashed line in Fig.5 shows 

power density spectrum of |δ - f0| signal detected with a spectrum analyser when the servo-

loop is closed. The spectral width is much narrower than in the first case. The difference |fsynth 

– frep| was counted, with 1s gate, at a frequency of a few kHz. Since the servo loop bandwidth 

is 10 times larger, this second method of measurement is less sensitive to the acoustic and 

vibration perturbations in the laboratory. Fig. 6 shows the time record of repsynth ff −  

multiplied by the factor 581840, to carry out frequency-scale to optical frequency domain 

(Ar+/I2 laser frequency).  
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The phase noise of the synthesizer is still important for this measurement. To check its 

effect on the measurement stability, we perform the same experiment with two R&S 

synthesizers. The signals from both R&S synthesizers at ∼ 1GHz with a frequency difference 

of a few kHz were mixed in a DBM and their frequency difference was counted. Fig 7 shows 

the corresponding Allan deviation (up and down triangles), together with the Allan deviation 

of the Ar+/I2 frequency measurement (circles).  

 From this experiment it is clear that in the present measurements the Allan deviation is 

limited by the stability of the Ar+/I2 laser. The phase noise of the R&S synthesizer limits the 

stability at the level of 3 10-13 for 1-s averaging time, that is more than 3 times larger than the 

stability of BNM-SYRTE frequency standard. Another important point is that it is better to 

make the counting gate 10 – 100 s rather than 1s for a signal with phase noise [43]. This is 

due to the dead time between each 1 s measurement [44]. When the gate time equals 

averaging time, we observe the expected τ-1 dependence of the Allan deviation. With gate 

time more than ∼ 30 s phase noise of R&S synthesizer will not limit the measurement 

accuracy.  

 

 

4 Experimental results 

For the present measurements we used time series of 1 s gate samples because it was 

convenient to display measurement frequency in real time in order to remove “bad” points 

caused by acoustic and vibration perturbation or to stop measurement when PLL got 

unlocked. It was especially important in the case of the first measurement method. The usual 

measurement procedure comprised averaging of few hundred 1s gate points with standard 

Allan deviation of σy ≈ 400 Hz when converted to the optical frequency range. Up to 10 

measurements were obtained in one day and the mean frequency values for several days are 

shown in fig.8. 

During a period of 1 week we switched between the two methods of measurements 

and did not found any frequency difference higher than the uncertainty. At the present stage 

of the Ar+/I2 frequency stability the two methods of measurement give the same result, except 

that the second method demonstrates higher stability to acoustic and vibration perturbations in 

the laboratory. Note that, in fact, with the second method, we transfer the stability of the 

optical standard to the RF frequency range and that is a realisation of a “molecular optical 

clock”.  
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The mean frequency over all the measurement was found to be 

< νmeas > = 582 490 603 447.3 (0.24) kHz. The uncertainty is the pure statistical 1 σ.  

It is clear from Fig. 8 that the frequency measured on each day depends on the daily 

experimental parameters. We carried out preliminary studies of Ar+/I2 stabilized laser 

frequency shift on the parameters of frequency stabilization setup - power of the probe and 

saturated beam, amplitude of modulation. Changing these parameters by factor 2 we did not 

find any frequency shift larger than 0.5 kHz. Note that this technique of absolute frequency 

measurement gives an unique possibility to study frequency shifts if only one laser system is 

available.  

The comparison with the value adopted by CIPM [9] gives < νmeas > -

 νCIPM = ∆ =+ 67.3 (0.7) kHz. We give a conservative uncertainty of 3 σ for the 

reproducibility of our measurement. Since νCIPM is given for iodine pressure PI2 = 2.38 Pa (t=-

5°C), our value measured at 0.12 Pa has to be extrapolated to “standard” conditions. With the 

long cell of our set-up it was not possible to the measure pressure shift directly since the 

absorption is too high at iodine pressure of ∼2 Pa. In [29] a pressure shift of δν/δPI2 =-2.5±0.5 

kHz/Pa was measured with short I2 cell. Using this data, extrapolation of our measurement to 

pressure of 2.38 Pa will give ∆=61.7 ± 1.3 kHz. Earlier studies of pressure shift of I2 

saturation resonance at a2 hfs component were carried out in [45,46]. At low pressure (less 

than 2.7 Pa), the unresolved recoil doublet is not symmetric anymore. The amplitude of the 

low-frequency component decreases, because this resonance involves a population of the 

excited level, the lifetime of which is shorter than the coherent interaction time given by the 

laser linewidth, the transit width or the pressure width. The frequency shift shows non-linear 

dependence on pressure well described by: 

δν(PI2) = δrecoil[Γe(PI2) - Γg(PI2)]/ [Γe(PI2) + Γg(PI2)] – (1.5 kHz/Pa) PI2, 

where δrecoil = hν2/2Mc2 ≈ 3.0 kHz is recoil shift, Γe and Γg are the widths of the exited and 

ground states respectively, with Γe(PI2) = Γnatural  + (130 kHz/Pa) PI2 and Γg(PI2) = Γtransit + 

(95kHz/Pa) PI2. For our experimental conditions Γtransit ≈ 10 kHz and Γnatural  ≈ 130 kHz. Fig. 9 

shows the calculated frequency shift as a function of iodine pressure. 

Taking into account this pressure shift, we have to correct our measurement value ∆ 

by –4.7 kHz and the extrapolation gives the value ∆ = 62.6 (0.7) kHz. This has to be 
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compared with the former measurement in [29] which gives ∆ = 61.8 (1.5) kHz2. As a result, 

the present measurement value of the frequency of hfs component a3 well coincide with the 

value given in [29] with the uncertainty of less than 1.5 kHz.  

 

 

5 Conclusion. 

The absolute frequency measurement of the 127I2 hyperfine component a3 of the P(13) 43-

0 transition at 514.6 nm with a fs comb generator was carried out. This measurement 

coincides within less than 1 kHz with the measurement developed in [29]. Current accuracy 

limitation is the frequency stability and reproducibility of our Ar+/I2 frequency standard. The 

technique of optical transfer oscillator was used to measure absolute frequency without 

stabilization or measurement of the carrier-envelope offset frequency f0. Two methods of 

measurement were developed for which the repetition rate frep of the fs laser either was locked 

to RF local oscillator or was stabilized to the frequency of Ar+/I2 –frequency standard. At the 

present level of uncertainty two methods gave the same result except that the second method 

demonstrates higher stability to acoustic and vibration perturbations in the laboratory. 
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Figure caption. 

 

Fig. 1 Ar+/I2 setup. PD : photodiode, AOM : acoustooptic modulator  

Fig 2. Error signal for frequency stabilization of Ar+ - laser at 514.6 nm. Time constant of 

lock-in-amplifier was τ = 10 ms. 

Fig. 3 Femtosecond comb generator set up for frequency measurement of Ar+/I2 –laser. PC : 

personnal computer, SA : spectrum analyser. 

Fig. 4 PCF output “continuum” spectrum : dashed line is the initial spectrum of the 

femtosecond laser, not scaled. An insert shows the spectrum in vicinity of 514.6 nm. 

The spectrum was recorded with a compact spectrometer (Ocean Optics HR 2000). 

Fig. 5 Power density spectrum of |δ - f0| signal. Solid line – repetition rate was locked to 

R&S synthesizer, dashed line – ∼ 581840-th harmonic of repetition rate was locked to 

the frequency of Ar+/I2 stabilized laser. The spectrum analyser parameters were: 

resolution bandwidth (rbw) – 30 kHz, video bandwidth (vbw) – 100 kHz. 

Fig.6 Time record of 1s gate counting of signal at frequency (frep – fsynth) multiplied by factor 

581840. The corresponding relative Allan deviation is shown on fig.7. 

Fig. 7. Relative Allan deviation of Ar+/I2 frequency measurements, circles with error bars, 

calculated from 1 s measurements (Fig. 6). Solid line is the Allan deviation of BNM-

SYRTE frequency standard used as reference for our measurements, down triangles – 

Allan deviation function of R&S synthesizers at ∼ 1GHz calculated from series of 1 s 

gate counting, up triangles - Allan deviation function of R&S synthesizers at ∼ 1GHz 

with gate time of counter equal to averaging time. 

Fig 8. Frequency difference of the Ar+/I2 measured value (νmeas) and the value (νCIPM) adopted 

by the CIPM in 2003 [9] : 582490603.38(15) MHz. I2 pressure in the cell was 0.12 Pa. 

Fig.9 Calculated frequency shift of the the a3 hfs component with I2 pressure, from [46] with 

present experimental conditions. 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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