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ICRF Source Requirements

Radio Loud Quasars 
• Compact, high redshift, radio bright AGN objects 
‒ Point-like on the sky = Precise position on sky with little confusion 
‒ Relative position on the sky should not change (far away) 

• Bright and stable in the radio spectrum 
‒ If source has high intensity we can observe them quickly 
‒ Can then observe many sources in a short time 
‒ Allows us to quickly create a grid of the sources on the sky 
‒ Sample a large range of elevations for better ionosphere and troposphere 

calibration 
• Ability to continuously monitor these sources 
‒ Can observe same source numerous times to reduce effects of error 

Astrometric positions derived from accurate measurement of 
group delay 
• Can observe in short bursts to get good measurement of delay 
‒ Short observations may not be optimal for imaging. So why am I talking about it? 
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UF/UG Series on the VLBA

Motivation: To maintain, monitor, and improve the ICRF source 
positions and to make images of >3000 sources

16 sessions from UF001  
Improvement in inflated errors: 
0.56 and 0.90 ! 0.27 and 0.48  
in RA and DEC, respectively 
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ICRF Imaging with VLBA

• Tells us important information: 
‒ Source compactness 
◦ Determine suitability as astrometric 

source 
◦ Determine suitability as a calibrator 

‒ Variability 

◦ Compare images over time  
‒ Other Utility 
◦ Make data products publicly 

available to astronomical 
community
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Observing set-up/Calibration

Simultaneous S/X Band  
• 2.3 (S)/8.7 (X) GHz  
• 2 Gbps data rate 
• 16 sub-bands 
‒ 4 at S-band, 12 at X-band 

• 32 MHz bandwidth per sub-band  
‒ 64 channels/sub-band 

• Right Circular Polarization 
24 hour observations 
• ~2 observations a month for 20 session per year 
• ~300 objects observed per session per frequency 
• Over 11,000 images 
Calibration done in AIPS 
• Follow standard procedure 
Imaging done in program called Difmap 
• Automated imaging
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Imaging

Difmap Scripts 
• Data split from aips, run through 

difmap using script 
‒ Script was used for previous RDV 

imaging, therefore outputs products 
similar to those available on RRFID 
◦ .fits, model, log, par, image, uv plot 

• Data with bad points manually 
flagged in difmap 
‒ Large PDF file created showing 

image and amp/uv plot. Manually 
inspect to find number of successful 
sources and sources that need more 
editing 

‒ Manually inspecting images and 
flagging data takes a lot of time 

‒ Bottleneck! Find ways to automate
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Images (X-band)
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Images (S-band)
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Images (X-band)
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Images (S-band)
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Images (X-band)
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Images (S-band)
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Images (X-band)
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Images (X-band)
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Statistics

All 20 Observations complete 
• X-Band 
‒ 5228/5897 images created 
◦ ~90% success rate 

• S-Band 
‒ 5664/5897 
◦ ~96% success rate 

Reasons for failure 
• Not observed long enough 
• Failed calibration?  
‒ Assume most objects are point like. If 

not, calibration may not be successful 
‒ Observing some failed sources with 

longer integration time and phase 
referencing to determine intensity and 
structure
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Statistics

Peak of distribution ~ 75 mJy/bm 
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Radio Reference Frame 
Image Database 

Images of all sources in ICRF (685 available at S/X)

This is from 
2004
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Radio Reference Frame 
Image Database 

Images of all sources in ICRF (685 available at S/X)
Newest 

image from 
2008

Snapshot Images come from RDV sessions 
Only image and UV plots available 

(Other products available by request)
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Fundamental Reference Image 
Data Archive (FRIDA)

ICRF images from all available sources 
• Images from RDV experiments 
• Images from USNO VLBA survey 
• Cover S-band through Ka-Band 
Other information 
• .fits, model, log, par, contour plot, amplitude/uv distance plot 
Easier Search
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Fundamental Reference 
Image Data Archive (FRIDA)
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Ongoing Work

Determine Source Structure Index/Correction Maps 
• Suitability of source for astrometry 
Explore Automated Flagging options! 
• Some automated flagging algorithms available 
‒ Pieflag, AOFLAGGER, RFLAG, TFCROP 

Continue imaging  
• VLBA observations ongoing 
Explore Calibration and Imaging Options 
• AIPS 
‒ Requires too much interaction=Too much time for large survey 

• CASA 
‒ Has automated imaging routine (tclean) 
‒ Self-Calibration automatically removes visibilities that don’t fit with calibration 

model 
‒ New FRINGEFIT task implemented; makes end-to-end calibration in CASA 

feasible
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FRINGEFIT in CASA
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Current Work

DIFMAP CASA

RMS=3.9x10-4     Flux Density=0.35 Jy RMS=8.7x10-4      Flux Density=0.34 Jy
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Conclusion

Using USNO VLBA time to observe ICRF sources 
• More observations improve astrometric precision 
• Images will tell us about source compactness/suitability as calibrator and 

variability 
• Cover >3000 objects included in ICRF3 
• S-/X-band Observations ongoing 
All data will be publicly available 
• Searchable database 
• Include contour and amplitude/uv-distance plots 
• Information to reproduce images 
• Updated database coming soon
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