A&A, 692, A234 (2024)Astronomical instrumentationDOI: 10.1051/0004-6361/202450557© The Authors 2024
Open Access article, published by EDP Sciences, under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This article is published in open access under the Subscribe to Open model. Subscribe to A&A to support open access publication.

Tracking the long-term timing accuracy of the X-Ray Telescope on board the Neil Gehrels Swift Observatory
G. Cusumano1 [image: orcid], V. La Parola1★ [image: orcid], M. Capalbi2 [image: orcid], M. Perri2,3 [image: orcid], E. Ambrosi1 [image: orcid], A. P. Beardmore4 [image: orcid], A. D’Aì1 [image: orcid], D. N. Burrows5 [image: orcid], S. Campana6 [image: orcid], P. A. Evans4 [image: orcid], J. A. Kennea5 [image: orcid], J. P. Osborne4 [image: orcid], B. Sbarufatti6 [image: orcid] and G. Tagliaferri6 [image: orcid]
1 
 
 INAF – Istituto di Astrofisica Spaziale e Fisica Cosmica di Palermo, 
Via U. La Malfa 153, 
 90146  
 Palermo, 
 Italy 
2 
 
 INAF – Osservatorio Astronomico di Roma, 
 Via Frascati 33, 
 00078  
 Monte Porzio Catone, 
 Italy 
3 
 
Space Science Data Center (SSDC), Agenzia Spaziale Italiana, 
 Via del Politecnico snc, 
 00133  
 Rome, 
 Italy 
4 
 
Department of Physics and Astronomy, University of Leicester, 
 University Road, 
 Leicester  
 LE1 7RH, 
 UK 
5 
 
Department of Astronomy and Astrophysics, The Pennsylvania State University, 
525 Davey Laboratory, University Park, 
 Pennsylvania  
 16802, 
 USA 
6 
 
 INAF – Osservatorio Astronomico di Brera, 
 Via Bianchi 46, 
 23807  
 Merate, 
 Italy 

★ Corresponding author; cusumano@ifc.inaf.it

Received: 
30 
April 
2024
Accepted: 
12 
November 
2024
Published online: 16 December 2024
Abstract

Context. The Neil Gehrels Swift Observatory has been operational since November 2004. Its X-ray Telescope (XRT), operating in the 0.3–10.0 keV range, is designed to provide detailed position, timing, and spectroscopic information.

Aims. The calibration procedure for assessing the absolute timing accuracy of XRT was described in a previous paper. Here we update the past analysis using the complete data set of the Crab pulsar observations up to October 2022 and using a new version of the data-processing software package that includes corrections to several issues that could have affected the previous results.

Methods. We evaluate the accuracy of the Crab pulse period determination using the folding technique and the pulse-phase analysis and compare our results with the values derived from radio observations. We also check the absolute time reconstruction, measuring the phase position of the main peak in the Crab profile and comparing it with the value reported in the literature, which is based on Rossi X-Ray Timing Explorer (RXTE) observations.

Results. We find that the accuracy in period determination for the Crab pulsar is of the order of a few picoseconds for the observations with the largest data time span. The absolute time reconstruction, measured using the position of the main pulse peak, shows that the main peak precedes the phase of the position reported in the literature for RXTE by ~263 µs on average. This corresponds to 0.982 in phase, with an observed dispersion of ±0.02 in phase values. We also find that observations very close in time (down to ~1 day separation) show a significant variation in absolute phase.
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1 Introduction
The Neil Gehrels Swift Observatory (Gehrels et al. 2004) is a multi-wavelength space facility that operates in the optical- UV, X-ray, and soft gamma-ray ranges. This is accomplished through its three telescopes: the UltraViolet and Optical Telescope (UVOT; Roming et al. 2005), which covers a wavelength range of 170–650 nm; the X-Ray Telescope (XRT; Burrows et al. 2005) operating in the 0.3–10 keV energy range; and the Burst Alert Telescope (BAT; Barthelmy et al. 2005) observing in the 15–350 keV band. The observatory’s main goal is the prompt detection of gamma-ray bursts (GRBs) and rapid follow-up of their X-ray and UV afterglows, with over 1500 GRBs observed to date. In addition to its primary mission, a significant portion of observing time is dedicated to other X-ray sources (both transient and persistent), either as targets of opportunity or through monitoring programs.
Calibration and continuous monitoring of performance are fundamental factors in the optimal exploitation of any instrument. In this paper, we focus on the verification of the timing accuracy of XRT in its fast-timing operating mode, windowed timing (WT). This is achieved through a campaign of regularly planned observations of the Crab pulsar (PSR J0534+2200). The Crab pulsar (with a period of ∼33 ms) has served the purpose of in-flight calibration for several telescopes (e.g. Kuster et al. 2002; Rots et al. 2004; Kirsch et al. 2004; Terada et al. 2008; Molkov et al. 2010; Martin-Carrillo et al. 2012; Basu et al. 2021; Bachetti et al. 2021; Tuo et al. 2022; Xiao et al. 2024) since its timing properties are continuously monitored in the radio and its ephemeris is regularly updated on a monthly basis and is made available by the Jodrell Bank Observatory1. Its pulse profile is characterised over the entire electromagnetic spectrum by a double peak with a phase separation of ∼0.4, although the overall shape depends on the energy band. RXTE found that the profile in the 2–16 keV energy band precedes the radio profile by 344±40 µs (0.0102 ± 0.0012 in phase (Rots et al. 2004). This result is adopted as a reference for the calibration of the absolute timing of any telescope operating in the X-ray band.
The XRT, equipped with a single e2v CCD-22 imaging detector at its focal plane, was designed to support four different data read-out modes (see Hill et al. 2004 for an exhaustive description) in order to have a wide and dynamic observable flux range and follow rapid variability of transient phenomena. Here, we focus on the WT mode, which is the mode with the highest time resolution (1.7791 ms) after the Photo-Diode mode, which was characterised by a timing resolution of 0.14 ms, but was disabled following a micrometeorite hit on May 27, 2005.
The timing performance verification of XRT has been the subject of a previous paper (Cusumano et al. 2012), where we analysed the Crab pulsar observations up to January 2012, showing that the accuracy in the period determination is of the order of some tens of picoseconds, and the absolute time reconstruction anticipates the phase of the position reported in the literature for RXTE by ~270 µs.
In the present work, we update those results by including all the Crab observations up to October 2022. This analysis is strongly motivated by relatively recent changes to multi-mission tasks (see Sect. 3) that play a crucial role in this study. For this reason, we also reanalysed the previous observations in order to produce a uniform dataset and to obtain a firm assessment of the timing accuracy of the XRT.
The paper is organised as follows: Section 2 briefly describes how photon events in WT mode are time-tagged; Sect. 3 summarises the XRT observations of the Crab pulsar, and the data reduction procedure; Sect. 4 describes the timing analysis and its results; and in Sect. 5 we conclude with a brief summary of the results.
2 Reconstruction of photon arrival times in WT mode
In WT mode, the CCD rows are continuously clocked and are binned by a factor of 10 along the Y direction before the readout. The photon arrival times are calculated during the ground processing by a specific software module, named XRTTIMETAG, which is included in the XRT Data Analysis Software (XRT- DAS2) package. The reconstruction of the time tag of the events makes use of information present in the telemetry and the celestial coordinates of the target. A detailed description of the WT time-tag algorithm can be found in our previous paper (Cusumano et al. 2012). Here we simply note that this algorithm requires knowledge of the location of the X-ray source on the detector, and for this reason the accuracy of the spacecraft attitude reconstruction is a key factor in the calculation of the photon’s arrival time. We note that, in this work, the attitude file derived using the UVOT data (UAT), which is in principle the most accurate spacecraft attitude file available in the Neil Gehrels Swift Observatory archive, was not considered. This is due to the fact that the UAT files intrinsically include corrections for the UVOT time-dependent boresight and this correction is not suitable for the XRT processing. For this reason, since January 2014, the XRT pipeline processing does not allow its use. The jump-corrected attitude file (PAT) was instead used in this paper.
3 Observation and data reduction
We analysed 76 Crab pulsar observations (from 2005 to 2022) performed with the XRT in WT mode for which valid radio ephemeris data are available and where the pulsar is always less than 5 arcmin from the on-axis direction. This choice excludes the observations where the pulsar is at the edge of or outside the WT image strip. The Level 1 data were retrieved from the HEASARC public data archive3 and calibrated, filtered, and screened with the XRTDAS package included in the HEASoft 6.32.1 software release using default processing parameters.
The source events with grade 0–2 were extracted from each observation using a rectangular region of 40 pixel in width centred on the pixel with the highest number of counts. This region includes ~ 94% of the point spread function of the Crab pulsar, which is located near the centre of the Nebula. The arrival times of each event were translated to the Solar System Barycentre (SSB) using the Crab coordinates, right ascension (RA) = 05h 34m 31.972s, declination (Dec) = 22°00′ 52".07 (Lyne et al. 1993), the JPL DE200 Solar System ephemeris, and the barycentrization code BARYCORR, which also takes into account the time drift occurring during the observation through the mission clockfile (swclockcor20041120v160.fits, updated to 2024 May 06) and the spacecraft orbit through the ObsID specific attorb file.
An important factor in the barycentre-correction procedure is the accuracy of the spacecraft orbit. During the pipeline processing, the multi-mission task PREFILTER of the HEASoft package is run for the determination of attitude and orbit-related quantities. An imprecision in the calculation of the spacecraft location, not taking into account the Swift UTC clock correction factor, was pointed out in 2017 and was resolved in the 6.20 version of the package. As the satellite orbit information – included in a dedicated file – is given as input to BARYCORR, the accuracy of the barycentre corrections were affected by this issue before the code fix. In addition, extensive changes have been made to the BARYCORR code (included in HEASoft v6.32.1), although no significant impact on the output corrections is expected. As mentioned in Sect. 1, the latest version of the software has been used for the processing of the whole dataset, allowing more accurate results. Table A.1 reports the details of the observations used for the analysis. Several observations are split into multiple snapshots, because of the low-inclination equatorial orbit of the satellite and the optimisation strategy adopted for the pointing plan. Each snapshot lasts from a few hundreds of seconds to -1 ks, and snapshots are separated by one or more orbits (-96 minutes).
4 Timing analysis and results
In order to derive the Crab pulse period, we apply a folding technique to the data (e.g. Lorimer et al. 2004). However, as opposed to Cusumano et al. (2012), where this method was applied to each single snapshot and the resulting best periods obtained in the same ObsID were averaged, in this work we apply the folding method to the entire ObsID, with the larger time baseline allowing for a narrower χ2 peak, and consequently a lower uncertainty on the period estimation.
4.1 Accuracy of the Crab period estimation
We used the following procedure to derive the best period for each ObsID listed in Table A.1:

	We applied a folding analysis to the barycentred arrival times in each observation. We fixed the folding epoch time to the observation central time (Tepoch, column 5 in Table A.1), and using the Crab radio ephemeris (in CGRO format) provided by the Jodrell Bank Observatory, we searched in a period range centred on the expected period4 (column 6 in Table A.1). The period search was performed with a step resolution of ∆P = P2/(N∆T), where N = 300 is the number of phase bins used to sample the pulse profile and ∆T is the observation elapsed time (column 2 in Table A.1).


	For each observation, we derived the best period (Pfold, column 7 in Table A.1) by fitting the resulting χ2 peak with a Lorentzian profile. The error on the best period (the digit in parentheses) was evaluated as the period interval corresponding to a unit decrement with respect to the maximum in the χ2 curve (Cusumano et al. 2003), that is, [image: equation].




In the top panel of Fig. 1 we compare the best periods obtained in this work (diamond points) to those derived from the radio ephemeris (solid line). The central panel shows the residuals with respect to the values extrapolated from the radio ephemeris (see also column 8 in Table A.1). The folding analysis on these observations allows us to obtain an accuracy of the order of a few tens of picoseconds to some tens of nanoseconds on the determination of the period, depending on the data time span and on the number of snapshots of each observation.
Comparing our results with those reported for the same ObsIDs in Table 1 of Cusumano et al. (2012), we observe that the discrepancy between the period evaluated in this work with the folding method and the radio period is in most cases significantly smaller than previously reported. This improvement is evident in the ObsIDs with more than one snapshot, and is due to the change in methodology.
The precision of the period for the ObsIDs with at least three snapshots may be improved by performing a pulse-phase analysis. This consists in folding the data of each single snapshot within an ObsID using the period obtained by folding the entire ObsID (Pfold in column 7 of Table A.1) while keeping Tepoch to the ObsID central time (column 5 in Table A.1). If there is a significant mismatch between the true period at Tepoch (column 6 in Table A.1) and Pfold, we see a shift in the snapshot pulse profile. The main peak in each snapshot profile can then be fitted to evaluate its position in phase (we used a Lorentz function plus a constant) and reconstruct how the peak shifts in time. These phase lags can be used to obtain a correction to the frequency and its derivatives by fitting, for each ObsID, the phase shift versus time with a third-degree polynomial function:
[image: equation](1)
where Δϕ is the measured phase difference at time t (the centre of the snapshot), Tepoch is the epoch time, and Δν0, [image: equation], and [image: equation] are the correction to the frequency and its first and second derivatives, respectively. As the data time span of the Crab observations is not long enough to be sensitive to the second spin-frequency derivative, the third-degree term of the above polynomial is ignored in the fit.
Our sample includes 37 observations where this correction can be applied, as they all have at least three snapshots. Table 1 reports the periods P* (column 2) obtained applying Δν0 from Eq. (1) on the best periods reported in Table A.1 (column 7), with errors evaluated as [image: equation], where [image: equation] is the 68% confidence level of Δν0. Column 3 reports the differences with respect to the periods extrapolated from the radio ephemeris (see also the bottom panel in Fig. 1); column 4 reports the absolute value of the ratio between the values in column 3 and the corresponding values in column 8 of Table A.1. A value of lower than 1 indicates a significant improvement in the period evaluation, which is obtained for the majority of observations. For some observations, we do not obtain an improvement as the discrepancy with the radio period was already very small (down to 1 ps for ObsID 00050100039) and the linear coefficient of the above expression is consistent with zero. On the other hand, we observe that, as expected, this method is more efficient if applied to long observations with a large number of snapshots.
The pulse-phase analysis allows us to obtain, in the best cases, an accuracy of down to a few picoseconds in the determination of the period. The RMS of the difference between the radio periods and our results (evaluated only for the 37 observations with three or more snapshots) goes from 2.20 ns (with the folding method) to 0.46 ns (using the phase-shift correction). We also evaluated the accuracy of the estimate of the first derivative of the period for the longest observation (ObsID 00058970001), finding a deviation with respect to the value extrapolated from the radio ephemeris of 0.1%.
	[image: thumbnail]	Fig. 1 Period estimation and comparison with the radio measurements. Top panel: best periods obtained with the folding analysis for each observation (column 7, Table A.1). The solid line connects the periods extrapolated at the folding epoch times from the radio ephemeris (column 6, Table A.1). Central panel: residuals between the best periods plotted above and the corresponding periods as extrapolated from the radio ephemeris (column 8, Table A.1). The three points where this difference is higher than 40 ns are excluded from the plot for improved clarity. Bottom panel: residuals between the periods obtained from the pulse-phase analysis and those extrapolated from the radio ephemeris (column 3, Table 1). Due to the Y -axis range in the three panels, errors for several points are too small to be visible.



4.2 Absolute timing accuracy
In order to evaluate the absolute timing of XRT in WT mode, we studied the phase position of the main pulse peak in the Crab profiles obtained by folding each XRT observation with the corresponding radio ephemeris. The relevant time of zero radio phase (tgeo) has been used as tepoch after reporting it to the SSB using the JPL DE200 Solar System ephemeris and the list of leap seconds updated to December 31, 2016. We compared the resulting X-ray profile with the radio profile to evaluate the phase shift. While in Cusumano et al. (2012) observations performed within the same radio ephemeris interval were folded together to improve the statistics of the pulse profile, here we produce a profile for each ObsID. The main peak position in each profile was determined by fitting it in a phase interval of ±0.07 around the top with a Lorentzian function plus a constant. The errors associated with the peak position are at the 68% confidence level. Figure 2 shows the phase of the main peak versus time, together with the range of values measured by RXTE (Rots et al. 2004). The dispersion of the phase values is significantly larger than the associated errors, ranging between 0.96 and 1.00. The average position of the main peak in XRT is at phase 0.982 (with standard deviation 0.008), which corresponds to ∼607 µs earlier than the radio peak and ∼263 µs earlier than RXTE. The plot also shows that observations that are very close in time (down to ∼1 day separation) may have a large span in absolute phase.
Table 1 
Results of the pulse-phase analysis performed on the observations with at least three snapshots.

	[image: thumbnail]	Fig. 2 Phase position of the Crab pulsar main peak. The right axis represents the phase delay in ms derived using a radio period of 33.7 ms (averaged over the data set). The dashed line represents the position of the main peak averaged over the entire dataset. The shaded strip centred at 0.9898 marks the phase range where the main peak is measured by RXTE (Rots et al. 2004), with its width dominated by a systematic uncertainty of 0.0012.



5 Conclusions
This paper updates the results reported in Cusumano et al. (2012) on the timing accuracy of the WT mode of the XRT instrument on board the Neil Gehrels Swift Observatory by adding all the observations performed from November 2012 to October 2022 to the previous dataset, for a total of 76 Crab observations. We reprocessed and reanalysed the entire dataset with the latest reduction package and with a different strategy with respect to Cusumano et al. (2012). This allowed us to improve the accuracy on the determination of the period, with the folding analysis results reaching an order of a few tens of picoseconds to some tens of nanoseconds, depending on the data time span and on the number of snapshots within each observation. When possible (i.e. for observations with three or more snapshots), we used the pulse-phase analysis, obtaining a general improvement of the accuracy, which in some cases was reduced to a few picoseconds, with an improvement in the RMS of the differences between the radio periods and the values derived in this paper of a factor of ∼5.
We evaluated the absolute timing, studying the phase of the main peak in the Crab pulse profile. We find the dispersion of the phase values to be significantly larger than the associated errors, and to range between 0.96 and 1.00 among the different observations. This dispersion was less pronounced in Cusumano et al. (2012), where ObsIDs within the same radio ephemeris interval were folded together. Here, folding each ObsID separately, we find that observations very close in time (down to ∼1 day separation) show significant variation in absolute phase. The average position of the main peak in XRT is at phase 0.982 with a standard deviation of 0.008, which corresponds to ∼607 µs earlier than the radio peak and ∼263 µs earlier than the peak phase determined with RXTE.
Our overall results regarding the absolute phase are consistent with the conclusions of Cusumano et al. (2012), where the absolute phase was also evaluated for the XRT Photo-Diode mode data and for the BAT data, with the authors finding them to be in a good agreement with the RXTE measurements. These authors proposed that the phase discrepancy observed in XRT WT mode was therefore most likely attributable to an offset in the time assignment specific to this mode, which varies among different observations.

Acknowledgements
The authors wish to thank the anonymous referee for their useful comments that helped us improving the paper. This work has been supported by ASI grant I/011/07/5. This research has made use of the XRT Data Analysis Software (XRTDAS) developed under the responsibility of the ASI Space Science Data Center (SSDC), Italy.


Appendix A  Additional table
Table A.1 
Observation log and period search results (folding method).
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      Table 1 

      Results of the pulse-phase analysis performed on the observations with at least three snapshots.

      
        


	Obs ID
	P*(†) (ms)
	P* – Prad (ns)
	Ratio (‡)





	00050100016
	33.57456030(6)
	0.66
	0.65



	00058970001
	33.583005108(4)
	0.168
	0.08



	00050100019
	33.5872788(2)
	–0.5
	0.53



	00050100020
	33.58866948(3)
	–0.14
	0.02



	00050100021
	33.6009209(1)
	0.4
	0.28



	00050100025
	33.60853639(6)
	–0.22
	0.08



	00050100026
	33.60919107(4)
	–0.03
	0.06



	00050100027
	33.60925181(2)
	0.05
	0.11



	00050100028
	33.6093106(2)
	–0.4
	1.32



	00050100029
	33.6197607(7)
	0.1
	0.46



	00050100030
	33.61976075(5)
	0.28
	0.26



	00058990008
	33.62545789(8)
	0.18
	0.16



	00058990009
	33.6256661(1)
	–0.3
	1.5



	00058990010
	33.63405039(5)
	–0.02
	0.02



	00058990011
	33.6387546(1)
	–0.1
	0.31



	00030371012
	33.64761403(5)
	–0.21
	0.14



	00030371013
	33.64765081(5)
	–0.27
	2.3



	00058990017
	33.6797114(1)
	–0.2
	0.03



	00058990018
	33.67971171(4)
	–0.27
	0.04



	00050100034
	33.7053063(5)
	1.4
	1.5



	00050100035
	33.70530897(4)
	0.16
	0.39



	00059142001
	33.71894538(2)
	0.001
	0.003



	00050100038
	33.7204617(1)
	0.2
	0.45



	00080359006
	33.7207097(2)
	–0.5
	0.52



	00050100039
	33.73247865(3)
	–0.14
	120



	00050100040
	33.74649804(6)
	–0.20
	0.29



	00050100041
	33.74648571(2)
	0.01
	0.05



	00050100043
	33.7465181(2)
	1.5
	0.87



	00050100042
	33.7465205(3)
	–0.3
	0.80



	00059032002
	33.75310361(2)
	0.45
	0.12



	00088840001
	33.75967715(4)
	0.65
	0.53



	00088840002
	33.76591413(6)
	–0.12
	2.2



	00050100044
	33.7973191(1)
	0.1
	0.47



	00050100045
	33.79731943(3)
	0.003
	0.005



	00059187001
	33.80079597(7)
	0.13
	0.29



	00059191001
	33.80514799(4)
	0.21
	0.11



	00059191002
	33.80518331(9)
	0.93
	1.3





      

      
Notes. (†)The number in parentheses represents the uncertainty on the last digit. (‡)Absolute value of the ratio between column 3 of this table and column 8 of Table A.1 (Pfold – Prad).
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      Table A.1 

      Observation log and period search results (folding method).

      
        


	Obs ID
	Telapsed (s)
	Exposure (s)
	Snapshots #
	Tepoch (TDB) (MJD)
	Prad (ms)
	Pfold (‡) (ms)
	Pfold – Prad (ns)





	00050100007
	6341.9
	1079.5
	2
	53395.10077
	33.57241278210
	33.5724145(5)
	-1.7



	00050100016
	24218.2
	7872.3
	5
	53454.21006
	33.57456095123
	33.57455994(8)
	1.00



	00058970001
	272341.0
	14050.1
	20
	53686.58141
	33.58300527609
	33.58300727(7)
	-2.00



	00030371001
	1631.2
	1628.5
	1
	53796.63470
	33.58700433478
	33.5870049(5)
	-6.6



	00050100019
	17928.2
	2294.9
	4
	53804.17387
	33.58727826433
	33.5872792(2)
	-1.0



	00050100020
	87399.3
	6623.8
	12
	53842.45776
	33.58866934517
	33.58866325(8)
	6.09



	00050100021
	23920.9
	4074.0
	5
	54179.67131
	33.60092133399
	33.6009199(2)
	1.5



	00058990007
	998.3
	429.6
	1
	54180.86765
	33.60096479933
	33.60092(2)
	40



	00050100025
	47091.4
	4404.4
	9
	54389.27958
	33.60853616300
	33.6085300(1)
	-2.8



	00050100026
	86954.4
	2193.3
	10
	54407.30654
	33.60919103516
	33.6091905(6)
	0.6



	00050100027
	167604.6
	2943.6
	15
	54408.98090
	33.60925185416
	33.6092523(5)
	-0.4



	00050100028
	17594.2
	777.6
	4
	54410.58869
	33.60931025596
	33.6093105(3)
	-0.3



	00050100029
	51784.2
	684.0
	10
	54698.29845
	33.61976082934
	33.6197611(3)
	-0.2



	00050100030
	52479.5
	9407.5
	10
	54698.30413
	33.61976103576
	33.6197599(1)
	1.1



	00058990008
	34360.6
	1977.7
	5
	54855.16379
	33.62545807784
	33.6254569(1)
	1.1



	00058990009
	18154.6
	2680.4
	4
	54860.88504
	33.62566586470
	33.6256657(2)
	0.2



	00058990010
	35558.5
	6210.2
	7
	55091.76722
	33.63405037178
	33.63405160(8)
	-1.24



	00058990011
	29026.9
	1720.6
	6
	55221.31619
	33.63875453905
	33.6387547(2)
	-0.2



	00058990013
	1044.8
	1043.0
	1
	55226.28195
	33.63893484419
	33.638920(5)
	14



	00030371002
	999.6
	997.9
	1
	55461.70339
	33.64748239427
	33.647488(4)
	-5



	00030371003
	6545.4
	995.0
	2
	55462.80583
	33.64752241982
	33.6475235(9)
	-1.1



	00030371005
	999.8
	998.1
	1
	55463.05183
	33.64753135137
	33.647529(1)
	3



	00030371006
	4188.8
	997.2
	2
	55463.28642
	33.64753986850
	33.6475341(8)
	5.8



	00030371004
	1039.8
	710.3
	1
	55463.58776
	33.64755080908
	33.647533(6)
	18



	00030371007
	999.8
	998.1
	1
	55463.84479
	33.64756014070
	33.647564(5)
	-4



	00030371008
	6094.8
	996.0
	2
	55464.10045
	33.64756942261
	33.6475706(6)
	-1.2



	00030371012
	48300.4
	3449.2
	3
	55465.32350
	33.64761382714
	33.6476124(1)
	1.5



	00030371013
	70256.3
	5010.8
	4
	55466.33471
	33.64765054036
	33.6476507(2)
	-0.1



	00030371014
	23753.0
	1916.7
	2
	55467.06013
	33.64767687772
	33.647676(3)
	0.4



	00030371015
	58154.2
	1100.3
	2
	55471.01212
	33.64782035913
	33.647822(4)
	-2



	00058990012
	974.6
	972.9
	1
	55574.60490
	33.65158117614
	33.651589(5)
	-8



	00030371016
	1829.8
	1818.7
	1
	55663.78597
	33.65481860382
	33.654826(4)
	-8



	00030371017
	999.6
	998.0
	1
	55666.85217
	33.65492990642
	33.654933(5)
	-3



	00030371018
	999.8
	998.1
	1
	55667.78896
	33.65496391136
	33.65499(1)
	-28



	00030371019
	999.6
	997.9
	1
	55668.66417
	33.65499568113
	33.654992(5)
	3



	00030371020
	999.8
	998.1
	1
	55669.59418
	33.65502944032
	33.655026(5)
	3



	00030371021
	1214.8
	1212.8
	1
	55670.07646
	33.65504694694
	33.655061(4)
	-15



	00030371022
	139.8
	139.5
	1
	55671.26244
	33.65508999767
	33.65488(4)
	200



	00030371023
	1479.8
	1451.3
	1
	55671.27206
	33.65509034670
	33.655095(3)
	-5



	00030371024
	1479.8
	1307.4
	1
	55672.87498
	33.65514853212
	33.655151(3)
	-3



	00050100031
	1039.8
	1038.0
	1
	55776.96428
	33.65892692471
	33.658924(4)
	2



	00058990014
	324.8
	324.2
	1
	55946.71723
	33.66508847197
	33.66506(3)
	31



	00058990015
	1484.8
	1482.3
	1
	55951.32416
	33.66525571329
	33.665259(3)
	-4



	00058990016
	1039.8
	1038.0
	1
	55963.03562
	33.66568087187
	33.665702(7)
	-22



	00080359001
	1119.8
	1117.9
	1
	56190.44454
	33.67393605482
	33.673934(5)
	2



	00080359002
	12233.5
	2059.1
	2
	56281.10492
	33.67722694011
	33.6772295(4)
	-2.6



	00080359004
	6700.3
	1977.7
	2
	56282.21337
	33.67726717460
	33.6772640(4)
	3.1



	00058990017
	68407.0
	859.2
	7
	56349.54593
	33.67971118349
	33.6797040(2)
	7.2



	00058990018
	69339.8
	10466.0
	8
	56349.55302
	33.67971144099
	33.67970507(9)
	6.37



	00080359005
	6625.9
	1928.0
	2
	56607.92926
	33.68908908321
	33.6890818(7)
	8.3



	00050100032
	269.8
	269.3
	1
	56678.49316
	33.69164992704
	33.69158(3)
	70



	00050100033
	999.8
	998.1
	1
	56678.50074
	33.69165020230
	33.691661(5)
	-11



	00050100034
	29052.6
	932.6
	6
	57054.88134
	33.70530774845
	33.7053068(2)
	0.9



	00050100035
	35319.8
	8086.8
	7
	57054.91943
	33.70530913016
	33.70530871(6)
	0.42



	00050100036
	5914.1
	310.3
	2
	57056.17562
	33.70535470133
	33.70516(7)
	190



	00050100037
	5838.7
	1859.6
	2
	57056.14387
	33.70535354958
	33.705360(1)
	-6



	00030371025
	904.8
	903.3
	1
	57097.10885
	33.70683983686
	33.706848(6)
	-8



	00030371026
	1174.8
	1172.8
	1
	57301.92070
	33.71427014840
	33.714277(4)
	-7



	00059142001
	87655.1
	8091.6
	12
	57430.80599
	33.71894538230
	33.71894503(9)
	0.35



	00050100038
	18735.8
	4349.7
	4
	57472.61469
	33.72046190803
	33.7204614(1)
	0.5



	00080359006
	24091.0
	4724.2
	4
	57479.43095
	33.72070914275
	33.7207101(2)
	-1.0



	00050100039
	41689.6
	9729.3
	9
	57803.93448
	33.73247850972
	33.73247851(5)
	-0.001



	00030371027
	1044.8
	1043.0
	1
	58065.90534
	33.74196154281
	33.741966(5)
	-5



	00050100040
	80786.2
	604.6
	5
	58190.58567
	33.74649784333
	33.7464985(3)
	-0.7



	00050100041
	82179.4
	5182.7
	5
	58190.25193
	33.74648572096
	33.7464860(1)
	-0.2



	00050100043
	22808.7
	5151.4
	5
	58191.18394
	33.74651957439
	33.7465179(2)
	1.7



	00050100042
	17373.5
	575.1
	4
	58191.20223
	33.74652023881
	33.7465206(4)
	-0.3



	00059032002
	69866.3
	8042.4
	9
	58372.56305
	33.75310405446
	33.7531004(1)
	3.6



	00088840001
	34707.5
	10201.2
	7
	58553.71674
	33.75967780184
	33.75967658(6)
	1.23



	00088840002
	34707.5
	9197.1
	6
	58725.59985
	33.76591401966
	33.76591397(8)
	0.05



	00050100044
	45793.4
	1016.1
	7
	59591.29327
	33.79731924733
	33.7973195(2)
	-0.2



	00050100045
	45981.2
	6626.4
	7
	59591.29833
	33.79731943095
	33.79731876(6)
	0.67



	00059187001
	81827.5
	8619.2
	6
	59687.15914
	33.80079610151
	33.80079655(9)
	-0.44



	00059191001
	69162.3
	4887.5
	4
	59807.16561
	33.80514820689
	33.8051501(1)
	-1.9



	00059191002
	18244.3
	4499.3
	3
	59808.15929
	33.80518424170
	33.8051835(1)
	0.7



	01132968000
	663.2
	662.1
	1
	59881.52508
	33.80784477026
	33.807868(9)
	-23





      

      
Notes.(†) The number in parentheses represents the uncertainty on the last digit.
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