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Abstract 
PSR B0540-69 is the second brightest optical pulsar 

detected to date. Located in the Large Magellanic 

Cloud [1] it can only be observed from the Southern 

hemisphere. Due to its age (~750 years) and position 

within its supernova remnant, PSR B0540-69 is often 

referred to as the Crab pulsar twin. Despite this 

similarity it has not been as extensively studied as the 

Crab pulsar. This is partly due to PSR B0540-69 being 

about 100 times fainter than the Crab pulsar. A large 

telescope and fast detector are needed to observe such 

faint objects, hence BVIT and SALT. The Berkeley 

Visible Imaging Tube (BVIT) is a photon counting 

detector which is currently mounted on the South 

African Large Telescope (SALT), the largest optical 

telescope in the Southern hemisphere. Using BVIT and 

SALT PSR B0540-69 was observed over four nights in 

December 2013. These are the first observations of an 

optical pulsar with the BVIT/SALT combination. We are 

currently analysing new 2014/2015 data of the Vela 

pulsar, which is ~ 10 times fainter than PSR B0540-69. 
 

1. Pulsar Background 
Pulsars, discovered in 1967 [2], are rapidly rotating 

neutron stars with extremely high magnetic fields. They 

emit beams of electromagnetic radiation and can be 

observed from Earth when these EM beams point 

towards the Earth, similar to the beam of light from a 

lighthouse. 

Optical studies provide a means to directly map the 

observed spectrum to the electron energy distribution in 

the plasma surrounding the pulsar. 
 

2. Observations using SALT and BVIT 
The South African Large Telescope (SALT) is the 

largest optical telescope in the Southern Hemisphere. It 

has an 11 metre diameter primary mirror array which is 

made up of 91 separate 1.2m hexagonal mirrors [3]. 

The Berkeley Visible Imaging Tube (BVIT) is a 

photon counting detector which is currently mounted on 

SALT [4]. BVIT was designed to give very high time 

resolution photometric imaging of astronomical objects 

and is capable of recording photon events with a 

precision of 25 nanoseconds [5].  
 

3. PSR B0540-69 
PSR B0540-69 is the second brightest pulsar 

observed in the optical to date [6]. It was observed for 

four nights in late 2013 using the BVIT/SALT 

combination. The aims of this work are to produce 

updated light curves for the pulsar – the latest to date 

being in 2011 [7] – to accurately measure the pulse 

shape and the delay between the optical emission and 

emission at other wavelengths and thus be able to 

restrict the current models for optical pulsar emission.  

We have developed a data analysis pipeline to 

perform an image quality and time-series analysis. We 

found a frequency of 19.7105 Hz and a period of 50.7 

ms – the expected period. Figure 1 shows our phase 

folded light curve from observations on the 27th of 

December 2013. 

 

Figure 1. Our phase folded light curve for PSR B0540-

69 on the 27th of December 2013. 
 

4. Vela Pulsar 
Prior to this work the observational magnitude limit 

of BVIT/SALT was estimated to be about 20th 

magnitude. PSR B0540-69 is of 22nd magnitude (~ ten 

times fainter) which we have detected through our time-

series analysis. Our future work will include the Vela 

Pulsar (24th magnitude) for which we have preliminary 

observations from 2014/2015. An image quality 

analysis is currently being performed on this data with a 

time-series analysis to be carried out subsequently. 
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