The Ultimate Pulsar Validation Test?

In my quest to validate the presence of a true pulsar in my mini pulsar system I used the following rules and assumed that a true pulsar would pass all validation tests and show day-to-day consistency;-

 

1. Candidate topocentric frequency within an acceptable range of receiver clock accuracy

2. Correlation between data file sections

3. Correlation of multi-period folds 

4. Correlation between receiver bands

5. Pulse width and shape confirmed

6. Confirmation of typical scintillation

7. Peaking amplitude variation confirmed with ppm period change 

8. Peaking amplitude variation confirmed with de-dispersion parameter changes

 

The problem is that at low SNR ( typically 2.5 to 4.5) the very efficient folding algorithm naturally finds noise peaks satisfying all of these conditions. So passing all these validation tests is not a guarantee of pulsar detection, although it may limit potential candidates to one!

To gain more credence, for both conditions 7 and 8, I looked at modelling a Gaussian-shaped pulsar pulse to determine the expected pulse centre-shift, amplitude variation and pulse width increase. 

However, dispersion, being the only pulsar-specific characteriser, was the condition deemed of most importance.

The two figures below show the result of folding a typical data record (my Trial 35), with negative and positive band dispersion respectively. It is evident that, as the dispersion match degrades,  the pulse leading edge remains in the same position, the pulse amplitude decreases and the pulse width increases in both cases. The left hand scale gives a measure of the instantaneous SNR and the x-axis is in 1ms increments.
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The plot below shows the measured results plotted with the expected amplitude and pulse width responses, assuming a Gaussian-shaped pulsar pulse.
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The positive match between measurement and simple theory is remarkable, bearing in mind the pulsar peak SNR is only 3.5 so noise corruption is expected but the serious scintillation of B0329 is likely to also distort the dispersed pulse shape. To overcome the scintillation problem, care was taken to select a section of data that appeared to be equally strong in the three receiver bands.

The positive rough match between measurement and simple theory is remarkable, bearing in mind the pulsar peak SNR is only 3.5 so noise corruption is expected but the serious scintillation of B0329 is likely to also distort the dispersed pulse shape. To combat the scintillation problem, care was taken to select a section of data that appeared to be equally strong in the three receiver bands.
The conclusion is that whilst period search/peak amplitude tuning and dispersion /peak amplitude tuning is more that adequate for validating good SNR signals, it is necessary to explore dispersion pulse width/position and tuning shape parameters for effective low SNR pulsar validation.

Peter W East November 2017
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