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FREQUENCY COMPARISON (H_MASER 140 0816) - (LNE-SYRTE-FOM)
For the period MJD 55529 to MJD 55544

The primary frequency standard LNE-SYRTE-FOM hasrbeompared to the hydrogen Maser 140
0816 of the laboratory, during 1 measurement cagmpdietween MJD 55529 and 55544 29
November 2010 — f4December 2010). The fountain operation covers %83 the total measurement
duration.

The mean frequency difference at the middle dateeperiod is given in the following table:

Period (MJD) | Date of the estimation y(HMaseri40 gg16- FOM) Ug | Uy | Uines mose

55529 — 55544 55536.5 -49.8 8.2 10 1.2

Table 1: Results of the comparisons HMaser 149 gg16-FOM in 1 x 107°.

The FOM fountain was compared to the hydrogen MdsKy 0816 of the laboratory during the
measurement period. The FOM fountain was operatethe same mode during all the period: the
interrogating signal synthesis is based on theipligition of a 1 GHz signal provided by a cryogeni
oscillator phase locked on the maser 140 0816ds & synthesizer to lock the microwave signahen t
atomic resonance. The frequency difference betwieermaser and the fountain is deduced from the
average correction applied to the synthesizer.

Average value and statistical uncertainty

The details of the calculations are given in figlire

The frequency data averaged over 0.2 day are glottethe upper graph (blue points) together with a
linear unweighted fit (red line).
The parameters of the fit y=a + b(x-x_middle_date) respectively:

Period (MJD) a b

55529 — 55544  (-49.8 +/- 1.6 ) 18° (-2.1+/-0.4) 10°%day

Table 2: Coefficients of the linear fit of HMaser 149 gg16-FOM

These coefficients are used to remove the drifia(@éotted in the graph in the middle, red poi@tsy to
calculate the average value at middle date, gineiable 1. The lower graph gives the variance ef th
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frequency residual, limited by the maser frequefhggtuations. We estimate a conservative statistica
uncertaintiesia = 1 x 10*°,

Fountain 2[FOM
Start Date(MJD)_:_-]55529 o D9E-15- | ]
End Date (MJD] 255544 & \ T t
S
Intervalle moy {s) S[17260 0.0E+0:M:] ; +: :+:' :* ——— ——t— +: +: — 7 ——t— —
Dead Time Thresh. (s) J600.00 & —— L1 W* 3 i by *
& OB L N T D VR O Toas I e S W
$ AT RS T
< -1.0E-14 T —t ; ¢
5528 7fom dat. & $
55529 42fom dat -1.4E-14-, ]
55530_83om.dat 55529.0 555325 55535.0 55537.5 55540.0 555425 55544.0
56532_38fom: dat
56536_70fom.dat MJD
55541_68fom.dat
ScAma R FT
8 5E-15-4 v k :
=
z w1ty TR N
R e B B e o ——H— sttt b it
o ST TN DI P TR
g-SE-]S | 4’4’* ++ + b
e t‘x h b
-1E-14-, |
55529.0 55532.5 55535.0 555375 55540.0 555425 55544.0
MJD
1E-14-
@ Coef Fit [0]1-4. 978758E-15
éu Sigma Coef Fit [0]|1 548537E-16
@ \ ‘ Coef Fit [1]|-2.078753E-16
o * j Sigma Coef Fit [1][3.804453E-17
£ 1E-15
s = —
2 \‘\ Average Da’re]55536.500000
E Average Frequency]—4.9?8?58E—1 5
;E J Sigma Average Frequencyi.3.458538E—16
1E-16-, ;
1E+4 1E+5 1E+6 1E+7 Sum Dead Times (s)[1 657110E+5
E Time (s) Sum Measurement Periods (5)11 130288E+6

Figure 1: Data processing for the period MJD 55529-55544

We verified the result by applying a second metiWgd.calculated the accumulated phase by integrating
the data points, assuming a linear frequency dufing each segment, and during the dead timeseof t
fountain operation. The average frequency is tHaaioed by dividing the total accumulated phase by
the calibration period duration. The processinglieen performed with segments of 0.01, 0.1 andyl da
durations. The differences between the resultsthadsalue given in table 1 are in agreement within
2.4x 10", which is consistent with the estimations of ttatistical uncertaintieg and the uncertainty
due to the link.
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Accuracy

The frequency is corrected from the quadratic Zegrtiee Black Body radiation, the cold collisionglan
cavity pulling, and the red shift effects. The doling table summarizes the budget of systematexcedf
and their associated uncertainties. The accurattyeiguadratic sum of all the systematic unceisnt

Correction (10%°) | Uncertainty (10°)
Quadratic Zeeman effect -305.4 1.2
Black body radiation 165.6 0.6
Cold collisions and cavity pulling 28.6 5.0
Microwave power dependence|:
First order Doppler & Microwave 0 6
spectral purity & leakage
Ramsey & Rabi pulling 0 <0.1
Microwave recoil 0 <1l.4
Second order Doppler effect 0 <0.1
Background gas collisions 0 <1.0
Total -111.2 8.1
Red shift - 68.7 1.0
Total with red shift -179.9 8.2
Table 3: Budget of systematic effects and uncertainties for SYRTE-FOM fountain
Ug=8.2x 107

Uncertainty of the link

The uncertainty of the link is the quadratic sun2 éérms:

-A possible effect of phase fluctuations introdubgdhe cables that connect the primary standatideto
Maser. It is estimated to be 1D

-The uncertainty due to the dead times of the ®egy comparison.

To estimate this contribution, we use the comparlstween the reference Maser and Maser 140 0805.
We calculate the time deviation of the normalizedge differences with the linear frequency drift
removed. The uncertainty is given by:

whereg are the extrapolated TVar for each dead timesajy¢ied the method to the dead times longer
than 600 s and obtained stability degradations@k10™.
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