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§ CITT1 overview 

§ This meeting 

§ Beams, flux scale, and spectra
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Outline

A tiger, working hard for you
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CITT1 members and roles

George Heald 
PI

Tammo Jan Dijkema 
Project Manager 
Calibration tools

Bas van der Tol 
LOFAR Imager

Nicolas Vilchez 
Selfcalibration pipeline

David Rafferty 
Ionospheric calibration

Manu Orru & 
Carmen Toribio 
RO Liasons

Stefan Fröhlich 
HPC consultant

Tim Shimwell 
Calibration & surveys

CITT Mid-year Progress Workshop, 2014



George Heald / CITT1 wrapup / 17-09-2015

§ Calibration in NDPPP/BBS 

§ Demonstrated huge speedup (40x) and memory usage improvement 

§ Delivered substantially improved capability in NDPPP 

§ Imaging in awimager [critical path] 

§ improvements to feature set through build against casa 4.2 

§ acceleration development well under way 

§ Delivered fully functional imager in new build 

§ Self-calibration recipe 

§ direction-independent: standalone and pipeline implementation 

§ development of direction dependent version well under way 

§ Delivered functional selfcal pipeline [available on github] 

§ Ionospheric / direction-dependent calibration (BBS+awimager) 

§ Decision taken to transition from phase screen to extreme peeling 

§ Delivered integrated direction dependent pipeline
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Summary of activity (main points)



George Heald / CITT1 wrapup / 17-09-2015

§ Smart demixing 

§ Required for good quality HBA data to enter the pipeline 

§ New scheme not yet verified 

§ Testing started with new dataset (Horneffer) 

§ Beam model adjustments 

§ For now, normalization (HBA flux scale) 

§ Further improvements will need commitment at ASTRON 

§ Continued support of software packages (BBS etc), ~20% time 

§ Fast rollout of improvements to the community 

§ e.g. gaincal, awimager, support of LoSoTo, LSM tool, … 

§ Engagement with the RO to implement software in operational 
system (to come: pipeline structure) 

§ Support release of casacore 2.0 (now for NRAO and LOFAR)
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Other supporting activities
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§ Documentation can always be improved, but we’ve kept usage 
information up to date as we move along (cookbook & wiki): 

§ New ASTRON webpage to centralize documentation
6

Documentation
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§ Documentation can always be improved, but we’ve kept usage 
information up to date as we move along (cookbook & wiki): 

§ New ASTRON webpage to centralize documentation
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Documentation

http://www.astron.nl/citt
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§ Review CITT1 progress and status 

§ Advertise availability of documentation 

§ Instruct community in use of CITT products  
How to get Tiger Team products on your desktop! 
 
 
 
 
 
 
 
 

§ Forward look & plan for CITT2!
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This meeting
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§ Aspects not included in LOFAR’s standard beam model 

§ power in grating lobes 

§ mutual coupling 

§ These can lead to strong frequency dependent effects
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Unmodeled beam effects

Beam images from Michiel Brentjens
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§ Adjust beam model with empirical normalization values:
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Bruteforce correction: beam integrals

Heald et al (in prep)
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§ Adjust beam model with empirical normalization values:

10

Bruteforce correction: beam integrals

Cd (el=0, 150 MHz) =

Z
dl dm

Heald et al (in prep)
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§ Beam integrals computed and stored in 3D FITS cube 

§ Computed for CS002HBA1 (rotation=0) 

§ All other stations are rotated version of CS002HBA1 
(assuming HBA_DUAL_INNER and neglecting intl stations) 

§ Stored in wcs horizon coordinates and frequency (Δν=5 MHz) 

§ Mode 5 ready; mode 7 in progress 

§ FITS cubes read by modified beam model and used to 
normalize digital beam response

11

Implementation & verification
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§ Beam integrals computed and stored in 3D FITS cube 

§ Computed for CS002HBA1 (rotation=0) 

§ All other stations are rotated version of CS002HBA1 
(assuming HBA_DUAL_INNER and neglecting intl stations) 

§ Stored in wcs horizon coordinates and frequency (Δν=5 MHz) 

§ Mode 5 ready; mode 7 in progress 

§ FITS cubes read by modified beam model and used to 
normalize digital beam response

§ Being verified through LC1_014 (Scaife, Heald & Perley) 

§ 24-hour sequence of 3-minute calibrator snapshots 

§ LBA_INNER, HBA_DUAL_INNER modes 5 and 7 

§ Parallelized cross-calibration script developed to determine 
quality of correction (takes ~12 minutes per calibrator pair)
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Implementation & verification
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§ Example: 3C295 calibrating 3C196
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Verification: results

(az,el)=(-110°,88°) (az,el)=(-57°,37°)
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§ Example: 3C295 calibrating 3C196
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Verification: results

α=-0.73

α=-2.4

(az,el)=(-110°,88°) (az,el)=(-57°,37°)
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§ Example: 3C295 calibrating 3C196

§ Old situation: 

§ in-band spectral index incorrect (often far too steep) 

§ for observations ~120-160 MHz, average flux density at 
~140 MHz is approximately correct
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Verification: results

α=-0.73

α=-2.4

(az,el)=(-110°,88°) (az,el)=(-57°,37°)
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§ Example: 3C295 calibrating 3C196
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Verification: results

α=-2.4

α=-1.1

Current beam model
Development beam model
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§ Typically, remaining errors up to ~10-20% at some frequencies 

§ indicative of remaining element beam uncertainties? 

§ perhaps possible to bootstrap remaining errors using LC1_014
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Further examples

α=-2.3

α=-0.86

Nominal α=-0.78 Nominal α=-0.78

α=-0.79

3C380: systematic offset ~5-6%
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Further examples

α=-2.3

α=-0.86

Nominal α=-0.78 Nominal α=-0.78

α=-0.79

3C380: systematic offset ~5-6%

Δt ~ 4h
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§ Typically, remaining errors up to ~10-20% at some frequencies 

§ indicative of remaining element beam uncertainties? 

§ perhaps possible to bootstrap remaining errors using LC1_014
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Further examples

Primary cal: 3C295 
(single epoch) 

Secondary: 3C380 
(multiple epochs)
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§ Technical paper describing implementation and demonstrating 
current calibratability of the flux scale
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Plans for the beam



George Heald / CITT1 wrapup / 17-09-2015

§ Technical paper describing implementation and demonstrating 
current calibratability of the flux scale

16

Plans for the beam



George Heald / CITT1 wrapup / 17-09-2015

§ Technical paper describing implementation and demonstrating 
current calibratability of the flux scale

§ Release detailed information to the community along with updated 
beam model and tools for computing the effect in various 
circumstances

§ Fix MSSS flux scale and publish corresponding catalog

§ Longer term: develop full EM models of stations and further 
improve flux scale
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Plans for the beam
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§ CITT1 developments widely used in the community 

§ Basic tools (NDPPP, awimager) 

§ Pipelines (selfcal, Factor)

§ Documentation for all aspects available on the CITT website

17

Final remarks
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§ CITT1 developments widely used in the community 

§ Basic tools (NDPPP, awimager) 

§ Pipelines (selfcal, Factor)

§ Documentation for all aspects available on the CITT website

§ CITT1 has been a success! 
 
Thanks to all the team members 
for their hard work!  
 
Thanks to the community for 
testing and feedback!  
 
Thanks to ASTRON for  
supporting this project!
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Final remarks




