Periodic Report ALBiUS. ESO

Deliverable 6.2.3 (Software for mosaic imaging)

The primary activity during the reporting period was the development of infrastructure to support several different ways of describing antenna voltage patterns within the CASA package. This is deliverable 6.2.3. These voltage pattern descriptions are essential to allow correction for the direction-dependent antenna response during imaging. They are designed to be used both with the current CASA imaging software and with the A-projection algorithm. With A-projection, they allow full correction for primary beam effects in heterogeneous arrays such as ALMA, eMERLIN and the EVN, both for single fields and mosaics. Full polarization imaging is supported.  The new software takes the form of a major rewrite of the CASA vpmanager tool. This has been connected to the previously developed AntennaResponses scheme which in turn permits the user to specify a complete response system for an entire interferometer array. 

The voltage pattern descriptions can be given in a number of different forms, choosing between observatory defaults and user-defined responses:

1. A built-in library of analytical models (e.g. Airy disks or polynomial functions). 

2. A user-defined image, such as the full electromagnetic simulations for the ALMA 12m antennas.

3. On-the-fly ray tracing based on a given reflector surface description and a parameter set provided in a file. This allows the effects of aberrations such as astigmatism  of the primary surface to be included, potentially as functions of elevation or temperature. The effects of beam squint (particularly important for the EVLA) can also be incorporated. 

This work will be essential to the success of the new generation of cm and mm-wave arrays, which are sensitive enough to require primary-beam correction for collecting elements of different sizes, with voltage patterns determined in different ways (theoretically or empirically) and the potential for elevation or temperature-dependent aberrations.

Some examples of the effects of astigmatism on theoretical ALMA beams are attached (beams.zip).

We are expecting to start final testing of the entire system with real ALMA data in March 2012 pending some small-scale work on the side of the imaging code which needs to be performed by Kumar Golap of the CASA team at NRAO in Socorro. Further ALMA test data was  taken in January 2012 and is under investigation.

The work with Sanjay Bhatnagar from NRAO on the ALMAAperture class for using the antenna response patterns in the so-called A-projection algorithm to correct for direction dependent effects in imaging is unfortunately still somewhat delayed since Sanjay is also working on other projects. We are concentrating therefore on using the responses in imaging outside the A-projection algorithm. Non-A-projection imaging is presently the main mode of ALMA and general image analysis and so our work actually supports the main stream of data analysis.

The new vpmanager with the AntennaResponses scheme and a complete set of (a) simulated response images (from TICRA) and (b) ray-tracing parameter files for the four ALMA antenna types will be part of the next CASA release (3.4). Full documentation is already available (vpmanager.pdf).

Plans for 2012 

The remaining work at ESO is exclusively concerned with testing of the new software (deliverable 6.2.2, in collaboration with JBCA).

We are expecting to start final testing of the entire system with real ALMA data in March 2012 pending some small-scale work on the side of the imaging code which needs to be performed by Kumar Golap of the CASA team at NRAO in Socorro. Further ALMA test data was  taken in January 2012 and is under investigation.

e-MERLIN tests should follow.

The work with Sanjay Bhatnagar from NRAO on the ALMAAperture class for using the antenna response patterns in the so-called A-projection algorithm to correct for direction dependent effects in imaging is unfortunately still somewhat delayed since Sanjay is also working on other projects. We are concentrating therefore on using the responses in imaging outside the A-projection algorithm. Non-A-projection imaging is presently the main mode of ALMA and general image analysis and so our work actually supports the main stream of data analysis. Our work does not require any modification to work with the A-projection code.

