
All sky images produced by the pipelines that 
analyze gravitational-wave data, taken by the 
Advanced LIGO [1] and Virgo [2], are stored using 
the HEALPix [3] tessellation. Each pixel represents 
a specific value ρ of the 2D posterior probability of 
having a gravitational-wave  source in that position 
of the sky.
Furthermore, Singer et al. [4] have developed  a 
rapid algorithm for obtaining joint 3D estimates of 
sky location and luminosity distance from 
observations of binary compact object mergers. That 
means, we can derive the probability that a source is 
within a pixel  at a certain distance. 
Our plug-in makes use of the new HEALPix-based 
file format for 3D localizations of gravitational-wave 
transients [5]. 

3D sky localizations

We describe a new plug-in for Aladin Desktop to analyze 3D sky maps of gravitational-wave sources. Aladin is the most used VO (Virtual Observatory) software for digitized astronomical images and 
gravitational-wave sky maps visualizer. Extending its functionality is challenging and helps in developing astronomical technical standards, as IVOA (International Virtual Observatory Alliance) promotes. 
Here, a Python algorithm has been developed to allow any Aladin user to immediately receive information about the probability distributions of having a GW source along a line of sight in any given 
position of the sky map, just by clicking on that pixel.
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Figure 1. Left: sky localization map of a GW event visualized in the Aladin Sky Atlas. 
The light-blue circle highlights the position that has been clicked.  Right: the contextual  
interactive  window showing up after a click. In orange, the probability density per unit 
distance integrated over the entire sky. In blue, the conditional distance distribution along 
a given line of sight.

The Plug-in

Figure 1 shows the output result.  
The  algorithm relies on SAMP [6] messaging 
connections to enable Python environment and 
Aladin [7] to interoperate and exchange data, 
such as the coordinates of the clicked position.  
The GUI (Graphical User Interface) is 
developed using the Tkinter module [8].
The complete algorithm is available at 
https://github.com/ariannabartolomei.
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The plug-in provides dedicated plots of the 
conditional and the marginal distance distributions at  
any sky location of a gravitational-wave source 
localization. 
Just by clicking on whichever spot of a GW sky map, 
an interactive widget pops up displays the 
conditional distance distribution along a line of sight 
and the probability density per unit distance 
integrated over the entire sky.
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