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Astrometric Calibration
The goal of the research activity on astrometric calibration has been to study the feasibility of combining wide-angle (absolute) and narrow-angle (phase-referenced) VLBI astrometry. The work has focused on two directions: (i) developing appropriate software to simulate mixed VLBI sessions that comprise both types of measurements (i.e. group delays which are the basic quantities for absolute astrometry and phase delays which are the quantities for phase-referencing) and (ii) analyzing jointly and consistently those mixed datasets. Dealing with simulated data rather than with real observations is beneficial for this type of study because one can identify parameters or systematic effects that affect the most the results.
Simulations have been accomplished by developing a series of programs that generate a VLBI session based on given input parameters which define the observing configuration. These include the number of nearby (< 5°) and distant (>10°) calibrators to observe in addition to the target of interest and a scheme for the switching cycle between these sources. Nearby calibrators are used for phase-referencing while distant ones are used as tropospheric calibrators or for the densification of the frame. Both types of calibrators are selected automatically from a pool of sources according to given criteria. Figure 1 illustrates such source selection for a simple case. The observing configuration is a temporal sequence of group delay and phase delay observations arranged according to the switching cycle.
Once the observing configuration has been created, theoretical values are calculated for the group delay and phase delay data (with the possibility to include also phase delay rates). For this calculation, the geometrical and physical modeling (e.g. relativity, nutation and Earth’s rotation, tropospheric mapping functions, plate tectonic motions, tides,…) implemented in the MODEST software package of the Jet Propulsion Laboratory have been used. Phase delays are calculated for nearby calibrators and targets while group delays (and phase delay rates) are derived for all calibrators either nearby or distant. The final stage in generating simulated observations consists in adding appropriate noise to the calculated values. The two options available for this purpose comprise purely random noise and elevation-dependent errors.
Analysis of simulated observations for mixed VLBI sessions including both phase delay and group delay data (with possibly also phase delay rates) has been the other focus of the work. This was accomplished by using the MODEST software package after developing specific tools to organize data handling so that MODEST can deal with mixed VLBI datasets properly and eventually process phase delays and group delays (plus phase delay rates if included) simultaneously. Figures 2 and 3 present the total values and post-fit residuals of the phase delays and group delays as derived from such a combined analysis for the simple observing configuration shown in Fig. 1. With values of the post-fit residuals at the level of the noise originally introduced in the simulation, this demonstrates that the scheme which combines the two types of data in a joint and consistent analysis has been successfully implemented.
The software developments that have been conducted within the present research activity are an important step towards massive simulations that mimick the densification of the celestial frame. Such simulations should help characterize new observing strategies taking advantage of both absolute and phase-referenced VLBI astrometry for improving the celestial frame either with present VLBI arrays like the EVN and VLBA or future ones such as the next generation VLBI network of the IVS or in the long term the Square Kilometre Array (SKA).
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Figure 1: Sky distribution of the target and calibrators for a simple simulated VLBI observing session. The target and four nearby calibrators are shown as red and blue dots, respectively. The 251 suitable distant calibrators are shown as green open squares and blue filled squares with the latter indicating the 15 ones automatically selected for inclusion in the session.
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Figure 2: Left: Simulated phase delays for the target source and four nearby calibrators comprised in the VLBI session with the observing configuration shown in Fig.1. The red line is for the target source while the blue ones are for the nearby calibrators. Right: Same as in left-hand panel but for group delays. The data are for all nearby and distant calibrators.
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Figure 3: Left: Post-fit residuals of simulated phase delays for the target source and four nearby calibrators comprised in the VLBI session with the observing configuration shown in Fig.1. The red dots are for the target source while the blue ones are for the nearby calibrators. Right: Same as in left-hand panel but for group delays. The data are for all nearby and distant calibrators. Note that the noise level originally introduced in the simulation was 0.4 ps for the phase delay and 10 ps for the group delay.
