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Abstract
Galaxy redshift data collected through the VIPERS project are
explored. VIPERS stands for VIMOS Public Extragalactic Redshift
Survey and is an ESO Large Programme. VIMOS refers to Visible Imager Multi Object Spectrograph, an instrument on Melipal, the Very
Large Telescope (VLT) Unit 3. In October 2013 the first public data
release (PDR-1) of the VIPERS project was released to the general
public. The present paper demonstrates how this data release can be
explored using the open source software R. Data manipulation, visualization and statistical analysis are discussed. Details are provided in
a format in which text, executable R code and results are combined,
giving an easy to follow approach. This paper shows how hobby astronomers can use publicly available data and open source software
to conduct interesting exploration and analysis of astronomical data
collected through professional initiatives.
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Introduction

In October 2013, the first Public Data Release (PDR-1) of the VIPERS
project was released to the general public. VIPERS stands for VIMOS Public Extragalactic Redshift Survey, and is an ESO Large Programme; VIMOS
refers to Visible Imager Multi Object Spectrograph, an instrument on ’Melipal’, the Very Large Telescope (VLT) Unit 3. Details on VIPERS can be
found in Guzzo et al. (2013). Garilli et al. (2013) discuss the public data release specifically. Both are recommended reading in order to fully understand
the project and the data. VIPERS will provide a sample of approx. 100,000
galaxies with redshifts 0.5 < z < 1.5 and absolute magnitudes iAB < 22.5.
In this paper PDR-1 is explored in some detail.
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VIPERS PDR-1

The central point of entry for everything related to VIPERS is the project
website, http://vipers.inaf.it. This website provides access to a wealth of
information, and to the PDR-1 data sets.
Since this data release is almost complete for the W4 field but not for the
W1 field (Garilli et al., 2013), only W4 field data are used in this study. The
main focus is on the spectroscopic data (redshifts) and not on the photometric
data for now. Hence, the relevant file to download is the spectroscopic W4
data, which is offered in different formats; the ASCII file is most convenient
for further processing. The file containing the relevant data is named –
after unzipping – VIPERS W4 SPECTRO PDR1.txt. Descriptions of the
columns can be downloaded in text file format1 .
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Software and dissemination

All analysis conducted on the PDR-1 data are conducted in R (R Core Team,
2012). In addition, following packages are used for additional functionality:
ggplot2 (Wickham, 2009) for plots and graphics, ks (Duong, 2012) for the
kernel density based two sample test, and deldir (Turner, 2012) for producing
Voronoi or Dirichlet tessellations.
A convenient way to share R code and results is to use RStudio (RStudio
Team, 2012), an Integrated Development Environment (IDE) for R. It comes
with a facility to integrate markdown documents with R code (Allaire et al.,
2012) and to combine text, code and R output into a single HTML file; the
1

The file available for download is named README VIPERS SPECTRO PDR1.txt.
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package to achieve this is called knitr (Xie, 2012). From within the IDE, these
HTML files can be uploaded to an online repository, RPubs (www.rpubs.org).
RPubs is a free web-publishing platform for R Markdown files that have been
converted to HTML, and is provided by the RStudio company.
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Exploration, visualization and analysis

The actual analyzes of the data are contained in the Appendix. They are
conducted in RStudio and published to the RPubs repository as discussed
in the previous section. The Appendix contains the same content as the
document available online at http://rpubs.com/bbuelens/vipersv10.
The analysis steps are summarized as follows. The data are read into the
R environment and filtered using quality indicators provided with PDR-1. A
coordinate transformation is conducted to convert the spherical coordinates
into Cartesian coordinates. A two dimensional representation is obtained by
projecting the data onto a plane through the W4 field. The 2D coordinates
allow for convenient visualization. In preparation for subsequent analyzes, a
rectangular selection of the projected data is made. Apart from a straightforward scatter plot, some graphics routines are used to produce a pretty
picture of the data. The structure of the galaxies spatial distribution stands
out nicely. This distribution is analyzed further, in particular, comparisons
with a uniform distribution are conducted. Using a kernel based density estimation the hypothesis is tested that the VIPERS galaxy distribution and
a sample generated from a uniform distribution share the same density function. This hypothesis is rejected with a very small p-value, indicating that it
is extremely unlikely that the spatial distribution of the galaxies is uniform
— an observation confirming intuition. A different approach to spatial distribution analysis is the construction of a Voronoi tessellation, both for the
galaxy distribution and for a uniform random sample. The areas of the cells
of galaxy data are smaller than those of the uniform data, indicating that
the distance to the nearest galaxy is smaller than one would expect had the
distribution been uniform. This is illustrated with distribution plots of the
areas of the cells of the tessellation.
These analyzes and results are available in full detail in the Appendix,
with R code to reproduce everything including the generation of plots and
graphics.
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Conclusions

The analysis presented in this paper is an example of the possibilities available today to hobby scientists in terms of working with data of professional
quality collected through scientific observing campaigns. It has become common practice for professional astronomy projects to include public data releases. Such data contain a wealth of information, and offer excellent opportunities for amateurs to perform analytical tasks such as data exploration,
visualization, and statistics. The present paper should inspire hobby scientists to conduct similar or related analytical studies using publicly available
astronomical data sets.
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Appendix: RPubs document
This appendix contains the most substantial part of the present paper. The
following pages are a representation of the material available online at the
RPubs repository. RPubs is an initiative to make available R code, output
and documentation, all combined in a single file. The material included here
is accessible online at http://rpubs.com/bbuelens/vipersv10, and is introduced and linked to from http://www.astrostatistics.org/projects/extragalacticredshifts. In future, the latter URL may contain information on additions,
updates or corrections to the current material as presented here – tagged
version 1.0 and uploaded to RPubs on January 25th, 2014.
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