
VLBA Sienti� Memo No. 34Error Found In EOP Corretions In AIPS Task CLCORCraig Walker, Andreas Brunthaler, and Amy Mioduszewski2011-Deember-01SummaryVersions of the AIPS task CLCOR released between Sept. 21, 2009 and Aug. 4, 2011 used thewrong sign on the station Y oordinate when alulating Earth Orientation Parameter (EOP)orretions. The main adverse impat will be on phase referening projets for whih su�ientlylarge EOP orretions were made that the di�erene in the relative orretion between alibratorand target is signi�ant. Analysis of astrometri VLBA data indiates that the e�et on the datasales with the magnitude of the EOP orretion and the separation between target and alibrator.DetailsAn error has been found in the Earth Orientation Parameter (EOP) orretions done by versionsof CLCOR released after Sept. 21, 2009 but before Aug. 4, 2011. In 2009, AIPS was hanged touse a right handed oordinate system for all arrays. Prior to that time, VLBI data sets used aleft handed oordinate system in AIPS for historial reasons. Sine 2009, the routine that readsthe antenna tables an tell whih system is in use beause it reognizes a large number of antennanames and knows what the sign of station oordinate Y should be, whih is the only di�erenebetween the systems. If it �nds a left handed system is in use, it hanges the sign of all of theY values to make it right handed. Then other AIPS routines assume a right handed system.All tasks that had ode for dealing with left handed VLBI oordinates were hanged when thisbehavior was installed. Unfortunately the EOP orretion ode in CLCOR was overlooked, andthe hange of the sign of Y for VLBI data sets was inadvertently left in plae.To test that the urrent orretions are orret, we reently orrelated a few sans of a normalVLBI projet with EOP values that were set very far from the orret values. We then usedCLCOR to orret the data. The orrelator output from this test, with no orretions, showsmuh higher fringe rates than normal. When the EOP are orreted with the CLCOR ontainingthe error, the residual fringe rates got even higher, learly showing that the orretion was notbeing done properly. When the latest CLCOR, as released on Aug 4, 2011, was used, the residualrates returned to small values. The phase di�erenes on a strong soure between the data with the"good" orretions and the data from the normal proessing run, done with the same "orret"EOP values used in the test, were under a few degrees, and less than the satter, on all but 3stations. For the outer stations (MK, SC, HN), the o�sets were 20 to 30 degrees and, uriously,all of the same sign.We are still trying to understand the phase o�sets on the outer stations. But the EOP orre-tions involved in the test (0.02s in UT1-UTC and 0.2 arseonds in X and Y) were far larger thananything expeted to be seen in real observations. So for real ases, we expet any suh di�erenesto be very small. In the interests of getting this message to our users quikly, we are not waitinguntil we fully understand those remaining di�erenes.The data proessing sequene reommended for all projets in the AIPS Cookbook inludesmaking EOP orretions in Step 9. This is normally done using the proedure VLBAEOPS.It an also be done by running CLCOR diretly and requesting OPTYPE='EOPS'. The reasonfor making these orretions was originally that there was a period of a few months when the



orrelator was using poor values. But regardless, the orrelator has to use values determinedbefore the data are orrelated, whih is before the �nal, best values are obtained by the geodetigroups. For CLCOR, a �le with the most urrent values provided by the USNO is downloadedand used to make a di�erential orretion to what was used on the orrelator. Unfortunately, forthe last 2 years, this step has had the e�et of degrading the data.The magnitude of the issue depends on how muh hange there was in the EOP values betweenthose used for orrelation and those used by CLCOR. For the large majority of projets, thosehanges will be small. Roughly, a hange in UT1-UTC has an e�et about like a soure positionerror of that amount in the RA. Changes in X and Y are also about like soure position hanges.The harm that an be aused is mainly the result of the di�erential orretion on soure andalibrator for phase referene operations, suh as for weak soure detetion or for astrometry. Foralibrator data, or for self alibration imaging, the errors in the orretion will be removed byfringe �tting or self alibration and so it is not a onern. The magnitude of the harmful e�et forphase referening will be redued by the alibrator-target separation in radians. In ases wherethe orretions were small, or the separation is small, the error may not have a signi�ant impat.To determine whether a partiular data set is adversely a�eted, it might be best to rerun theEOP orretion to see how big a di�erene the orreted ode makes. Usually the EOP orretionis run early in the proessing sequene, although possibly after the ionospheri orretion. TheCL tables at this stage are pretty simple so hanges should be easy to see. First hek that thereis any di�erene. There won't be (other than due to small hanges in the urrent EOP tables vsthose used in the original proessing) if the most reent CLCOR was used or, more likely, if aversion from before Sept. 21, 2009 was used on a data set with left handed oordinates. If that isthe ase, there is no further onern. If there are di�erenes, you will have to deide if they arelarge enough to a�et the �nal sienti� results. The main onern is the di�erential di�erenesbetween alibrator and target sans for phase referening. Those di�erenes should be hekedby examining the CL tables arefully. Often the EOP used on the orrelator will be good enoughthat the orretions made by CLCOR will be small enough to ignore. But there may well be afew projets for whih that is not true. If you are unluky and one of those is yours, you willneed to redo all the proessing that a�ets phases that was done after the EOP orretions wereapplied. For example, data editing, polarization alibration, and alibrator imaging should be ok,but fringe �tting, �nal self alibration on alibrators, and phase transfer to the target will needto be redone.To obtain the orreted version of CLCOR, run the AIPS midnight job on either 31DEC11 or31DEC10 (there has been a path).E�et on the data, a ase studyThe e�et of this error on the data should diretly sale with the EOP orretions that were ap-plied with CLCOR. The following links give the di�erenes between the EOP values used duringorrelation and the �nal USNO values for most VLBA observations orrelated in Soorro sine2006:https://siene.nrao.edu/failities/vlba/proposing/eop-di�erene-2006https://siene.nrao.edu/failities/vlba/proposing/eop-di�erene-2007https://siene.nrao.edu/failities/vlba/proposing/eop-di�erene-2008https://siene.nrao.edu/failities/vlba/proposing/eop-di�erene-2009https://siene.nrao.edu/failities/vlba/proposing/eop-di�erene-2010https://siene.nrao.edu/failities/vlba/proposing/eop-di�erene-2011The ombined EOP orretion here is alulated by adding the POLE X POLE Y, and UT1-UTC(onverted to mas) in quadrature. Those data show that most orrelations were done with good
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Figure 1: Position shifts of the two bakground quasars as funtion of total EOP orretion.The red and blue starsrefer to the nearby (0.32◦) and more distant (0.81◦) quasars, respetively.EOP values, but there are some exeptions.To investigate the e�et of this error on astrometri VLBA data, eight epohs of VLBA datawere redued using exatly the same ParselTongue pipeline, one with the old version of CLCORand one with the new (orreted) version of CLCOR. The observations used a strong water maseras phase referene and two bakground quasars, separated by 0.32◦ and 0.81◦ from the maser. Theeight observations had EOP orretions ranging from 0.14 � 0.43 mas. Note that the three souresare at very low delination (-28◦).Fig. 1 shows the position shifts indued by the wrong EOP orretion for the two quasars inthe eight observations as funtion of the ombined EOP orretion. The plot shows the following:
• There is a general trend for higher position shifts for larger EOP orretions. However, it isnot a very strong orrelation.
• The loser quasar shows smaller position shifts.
• The position shift is usually larger in delination than in right asension.It is not lear how muh this (in partiular the last point) hanges for higher delination soures.Note that for most phase referening experiments (with alibrator � target separations of > 1−2

◦)the expeted position shift will be larger than in this example with two relatively nearby quasars.


