Report on the 5th meeting of the IERS/IVS ICRF2 working group
The meeting was held Dec. 4-5 at the U.S. Naval Observatory courtesy of the Astrometry Department.  Members attending were F. Arias, D. Boboltz, P. Charlot, A. Fey, R. Gaume, C. Jacobs, C. Ma, and Z. Malkin,.  Also present were N. Zacharias and D. Gordon.

The following list of topics was used to organize the discussion.  From the discussion several conclusions and decisions were made to guide the work before the Bordeaux meeting. As in Dresden a set of action items was formulated.  These are given in the appendix with dates and responsible parties for most items.  The action items and timeline are driven in large part by the limited time remaining and the ability of people to concentrate on this effort.  The list is not complete and will need some augmentation.
· Source structure

·  status of mapping, structure indices, compactness

·  application to selection of global and unstable sources

· Time series

· what information can be derived from the current time series and analyses

·  additional time series analyses

·  Catalogues

· catalogue comparisons and analyses

·  final catalogue analysis – combination?

· ICRF – ICRF2 link

·  sources, transformation

Source Structure
P. Charlot showed examples of sources with various structure indices and compactness.  He has not studied in detail the relationship between the two measures.  Approximately 700 sources have maps from the RDV sessions, a number with multiple epochs.  Information in the south is much sparser, ~70 sources.  He introduced a continuous structure index as an extension of the integer values.  This measure can be used to rank the sources, similar to ranking sources using time series statistics, and will be applied to selecting stable and unstable sources.
Time Series
D. Gordon presented his analysis of various submitted time series and a method of selecting core sources based on ranking sources within declination bands by the wrms scatter.  He noted that the scatter level is declination-dependent with a rise from -30 deg to -50 deg, more pronounced in the declination coordinate.  From the time series plots and statistics he rated 632 sources as stable (386), clearly unstable (31) and indeterminate (216).  From the stable sources he can select ~300 with generally uniform distribution on the sky.  He found in remaking the time series of the sources selected by V. Zharov that the scatter of the time series is somewhat decreased when the target sources are estimated one at a time in separate solutions compared to treating them all as arc sources in one solution.  Modeling correlated noise, work by J. Gipson, also decreased the scatter, at least in the CONT05 data set.

Z. Malkin described his results using an Allan variance-like statistic.  Usually the ranking of sources is similar to the order found with wrms, and the ranking is similar among the various time series.  
F. Arias reviewed the analysis at OP done by A.-M. Gontier and S. Lambert, noting that the MAO and IAA time series were rather different from the others for 4C39.25 (0923+392), a source identified by V. Zharov as behaving differently from series to series.  They also noticed some systematic behavior in the MAO and SHAO series in the angle of maximal variability, which should be isotropic.

The general conclusions are that relatively simple statistics can be used to rank the stability of sources and that this information is reasonably consistent over most of the series.  For the moment no further refinement of time series is proposed although individual analysis centers should try to understand the anomalies that have been found.  F. Arias will do higher resolution Allan variance studies of sources with sufficient information.  The time series ranking and the structure ranking will be merged to select the core or defining sources.
Catalogues

F. Arias described the catalogue analysis at OP, particularly noting some differences when comparing catalogues with ICRF-Ext.2 using only defining sources and using all common sources.  The rotation angles appear to be both software and analyst-dependent and may indicate a distortion in ICRF-Ext.2.  The three-corner hat method, although not strictly valid, was explored but the results do not seem to be so robust, perhaps because of outliers.  It did indicate that ICRF-Ext.2 is much noisier than the new catalogues, however.  From the corresponding nutation series it can be seen that the different analyses are more consistent after 1990.
Z. Malkin showed some of his catalogue comparison results in tabular and visualized form.  He noted that the MAO catalogue had larger differences when considering all common sources but not for defining sources alone.  For the USNO catalogues, the number and selection of special handling sources did not appear to affect the other positions significantly.  For the IAA catalogues the estimation of axis offsets had a large effect.  He proposed to study more carefully the effect of particular modeling and estimation differences.  He also tried the three-corner hat method but saw different noise levels than OP.

C. Jacobs presented an extensive and illuminating set of comparison graphics, noting that there is a catalogue-dependent error level below which the normalized differences are too large.  He pointed out that there is a small number of outliers, perhaps catalogue-specific, that need to be corrected to make the comparisons clean.

A study by D. MacMillan from decimated data sets showed that the results of J. Ryan during the Crustal Dynamics Project are still valid.  Using a third of the sessions in each solution, the inflation factor for the formal errors is ~1.5 to match the catalogue differences.  The noise floor still needs to be determined.
The combination catalogue generated by S. Bolotin and the issues related to combination were discussed.  The combination appears to demonstrate that the various catalogues are fairly similar and generally not deformed.  However, the weighting and statistics of the SHAO catalogue seem to be anomalous.  F. Arias contrasted this similarity with the situation when IERS first began forming combined VLBI catalogues.  She also noted that if a combination was contemplated it would be desirable to have more than one, but the IERS software is not ready to used.  N. Zacharias commented that the ICRF2 appears to be much better than the ICRF and one of the solutions would be sufficient.  He also noted that combination would complicate the generation of extensions like ICRF-Ext.2.

Given the limited time remaining it was decided that outliers, name errors, format problems, etc. should be quickly identified and corrected.  As soon as this is done, each member should resubmit an already submitted solution for checking.  Sources with intractable problems will need to be eliminated from subsequent analysis.  After clean-up all members are asked to make two new catalogues carefully following the prescribed analysis configuration and session lists, one without the VCS sessions and one adding the VCS sessions.
ICRF – ICRF2 link

F. Arias thought that the transformation should be straightforward, probably three rotations and a declination bias, but higher order deformations will also be examined.  Transformations with both defining sources and non-defining sources will be tried.

Next steps

With the end of year holidays there is not much time left.  The action item list is not complete.  Few specific assignments were given to prepare reports for the Bordeaux meeting although other reports would follow from the particular action items.  Another possible format would be to outline a Technical Note to describe the ICRF2 and to prepare drafts of the various sections for the Bordeaux meeting.  In any case before the next meeting the important topics and conclusions need to be put in writing and circulated to provide the basis for discussion.  The topics or TN sections could include:

1. Conclusions from catalogue comparisons and analysis

2. Conclusions from time series analysis

3. Rationales for and list of core or defining sources
4. Considerations and conclusions about a final compilation catalogue
5. Internal consistency, e.g., from data subsets and modeling/estimation effects
6. External consistency, e.g., EOP

7. Conclusions from analysis of TRF and EOP results

8. Application of source structure

9. Transformation between ICRF and ICRF2

10.  Error budget

Comments, additions and corrections of the report and planned work are welcomed.  Besides email it has been suggested to have a memo series similar to the VLBI 2010 activity.  A telecom will be scheduled in February to discuss progress and issues.  In addition those working together on specific topics are encouraged to have active communications.
