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The Low Frequency Sky 
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Data 

•  Three observing modes: 
– TBN, TBW, and Beamforming 

•  Used TBW to gather all of the bandwidth in 
61 ms chunks 
–  61 ms is short but not so short as to be 

uninteresting 
– Each capture is ~10 GB 
– Use many captures to build up sky coverage 



First Pass:  Dirty Imaging 

•  First approach was to correlate the data and 
generate dirty images 
– LWA1 does not have high sidelobe levels 

•  Sounds good but doesn’t work well 
– Sidelobe pattern is low but complicated 
– Far out sidelobes ~90 degrees from source are a 

problem 
– Net result is that you end up with huge bars that 

parallel the Galactic plane 



Distant Sidelobes 



Second Pass: wsclean 

•  To deal with sidelobes and the wide field of 
view we switch to wsclean 
– Deconvolve the two polarizations separately 
– Correct for the zero spacing flux using an offset 
– Convert to HEALpix and mosaic 



Second Pass: Maps 



Comparisons with the Literature 

45 MHz 
Alvarez et al. (1997) 
Maeda et al. (1999) 

74 MHz 
GSM Realization 



Second Pass:  Spectral Index 

35 to 80 MHz Only 

45 MHz and 408 MHz 



Third Pass:  Brute Force 

•  If the missing spacings really are the 
problem, it would be nice to be able to 
image all of the data simultaneously 
– The sky rises and sets, see sources over 

multiple projected baselines 
•  Zhang et al. (2016, arXiv:1605.03980) 

– Re-casts the imaging problem as a massive 
model fitting problem 

 



Formulation 

•  As + n = v 
– A = the baseline beam matrix 
–  s = the pixelated sky 
–  v = the observed visibilities 
–  n = noise 

 



Dimensionality 

•  Dimensionality is the killer 
–  s is set by the resolution of your intrument, i.e., 

you want pixels smaller than your beam 
•  ~10,000 pixels to get 1.8° resolution 

– A is set by the array and the number of 
snapshots 

•  There are baselines x snapshots x pols. x 2 rows 
•  ~20,000 x 100 x 2 x 2 for one day 
•  A is 8,000,000 by 10,0000 or 80 billion elements 



Other Considerations 

•  A is formally invertable but not necessarily 
practically invertable 
– May need regularization to get a good solution 

•  A is big 
–  80 billion > 232 

•  need BLAS with 64-bit indexing 

–  80 billion floats or doubles are needed to 
represent it in memory 

•  Need >300 GB of RAM 



Bells and Whistles 

•  If you can get it to work, it has several 
interesting features: 
– Short spacing synthesis 
– Per pixel error and  

 resolution estimates  
– Possibility of  

 adaptive/dynamic  
 pixelization 



Does it work? 

•  With caveats 
– Not immensely practical 
– Short spacing synthesis is good but not great 

•  Difficult to constrain a wide range of scales in a data 
set 

– Dynamic pixelization is sensitive to 
regularization 

•  Need to use a finite difference regularization matrix 
to ensure continuity 



Maps 



Comparisions 

45 MHz 
Alvarez et al. (1997) 
Maeda et al. (1999) 

70 MHz 
GSM Realization 



Spectral Index 

35 to 80 MHz Only 

45 MHz and 408 MHz 



Thoughts and Future Directions 

•  Getting everything right on all scales is hard 
– Need accurately constrain 180° with 1.8° 

structure 
•  Brute force is an interesting approach but it 

is not a silver bullet (at least for us) 
•  Hybrid approach may be better 

– Brute force for large scale, wsclean for small 
scale 


