Improving galaxy group finders
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The identification of galaxy systems is a challenging task and, therefore, it is necessary to improve these techniques as much as possible to achieve a better understanding of the structure of the universe on a large scale and link the properties of galaxies
with those of the inhabiting halos. Given the large present and forthcoming galaxy catalogues, we propose, implement and evaluate an algorithm that combines the two most popular techniques to identify galaxy systems that can be easily applied to
any spectroscopic galaxy catalogue. Assuming that a group of galaxies is a gravitationally bounded system that has at least one bright galaxy, we begin by identifying groups with a Friend-Of-Friend algorithm adapted to fit this definition. Knowing the
shortcomings of this method, we improve it by adding a halos-based procedure. To assess the performance of the algorithm, we construct a mock catalogue from a semi-analytical model to compare the groups identified using our method with those

obtained from the simulation.

We focus our attention on improving the redshift space identification of groups obtained by the two most used
techniques nowadays: FOF and Halo-based.

The FOF method proposed by Huchra & Geller(1982) [3] is based on spatial criteria for assigning galaxies to
groups. Beyond the demonstrated virtues of this algorithm and flexibility to adapt to different scientific objec-
tives, one of the negative aspects that can be extracted from these analyses is that the poor groups obtained with
this algorithm have low reliability and those which are numerous are likely to have many interlopers. Consequently,
these catalogues are not suitable for certain studies, e.g., HOD analysis.

The halo-based group finder developed by Yang et al. (2005, 2007) [8, 9], has gained in importance in recent
years because it has the virtue that finds groups with few members. In this method the luminosity of the galaxies
is related to the mass of the dark matter halos, assigning masses using the abundance matching technique on
luminosity. The group catalogues from these identifications allow the study of the HOD in a wide range of masses
and luminosities. However, It starts with a FOF algorithm with an overdensity that is not representative of the
galaxy groups and an imposed mass-luminosity ratio, that can bias the characteristics of the resulting groups.

In this work, we propose a method to identify galaxies groups that combine the two methods described above:
a proper FOF identification is performed in the first step and, using the resulting groups, in the second step we
implemented an algorithm that follows the halo-based method. Understanding each step as an improvement of
the previous one, we asses the performance of this process applying this algorithm in a mock catalogue. This
procedure allows us to learn about the reliability of the obtained groups.

Part I: FOF implementation

We began our group identification using the conventional FOF algorithm implemented by Merchan & Zandivarez
(2002, 2005) [4, 5]. This method links galaxies that satisfy certain conditions in the projected distance and the
line-of-sight velocity for a given definition of dark matter halos overdensity. Throughout this work, we will use
an overdensity of 6p/p =200. It is worth to mention that this procedure takes into account the number density
variation due to the apparent magnitude limit of the survey to evolve the transverse and radial linking lengths.
After the implementation of this algorithm, we have a sample of galaxy groups with two or more members. But,
as it is well known, the groups determined following a FOF algorithm are more reliable as more galaxies they have.
Thus, to improve the reliability of poor groups, we restrict the luminosity of group members: they have to have
at least one bright galaxy M, < Mg, ~=-19.5 (absolute magnitude in r-band). With this in mind, we reject all
groups that do not meet this criterion and, additionally, we add all bright galaxies as potential groups. With these
restrictions, a group of galaxies is a system of galaxies gravitationally bounded that has at least one bright galaxy.
Thus, our group definition is not limited to simple geometric considerations, also takes into account the galaxies
astrophysical properties that comprise it.

Part Il: Halo-based group finder

This part of the method is performed following the halo-based group finder proposed by Yang et al. (2005, 2007)
8, 9], which is iterative and based on an adaptive filter modelled after the general properties of dark matter halos.
Since this method requires a catalogue of potential groups and our intention is to improve the reliability of the
systems previously identified, we use the resultant galaxy groups of Part | and, based on its properties, implement
a similar iterative procedure.

1. Estimation of the characteristic luminosity.

2. Properties of the dark matter halo derived from its luminosity.

3. Membership Assignment.

4. [teration.

To start the iterative process, we take the membership of FOF groups described in Part | to estimate the first
luminosities. In the following loops, we will use the members determined using the procedure described in Part Il.
As a result of this process, we obtain two group samples. The first is obtained from Part |, which consists of
a suitable FOF algorithm and adapted to our group definition, hereinafter FOF modified. And the second that
results from the whole process, which introduces a halo-based technique described in Part |l, called the Final
Sample.

To test the effectiveness of the proposed group finder, we use a mock catalogue that reproduces the features of
the SDSS DR12 spectroscopic catalogue [1] built up from a semi-analytical model. This allows us to exactly know
how galaxies populate dark matter halos and, with this information, we can evaluate the assignment made by our
identifier and estimate the errors that will be committed in the real catalogues.

Mock catalogue

Our mock catalogue is built using the semi-analytical galaxy formation model developed by Guo et al. (2010)[2]
applied on the Millennium Simulation [7], which offers high spatial and time resolution within a large cosmological
volume. This simulation evolves more than 10 billion dark matter particles in a 500 A~! Mpc periodic box, using

a comoving softening length of 5 h™! kpc. The procedure followed to build the mock is the same as described in
detail in Rodriguez et al. (2015) [6].

Purity and completeness

A traditional way to assess the quality of group finding algorithms is through the purity and completeness concepts.
Groups purity, P, quantifies if galaxies that are identified as members of given group reside actually in the same
dark matter halo: -

= Nig (1)
where Ny is the total number of galaxies of the identified group and ngj, is the number of galaxies in the identified
group g that reside in the halo . With this definition, the value of 1 — P indicates the percentage of interlopers.
If the group shares galaxies with more than one halo, we will choose the one with the highest number ngy,.
The next quantity to be defined is the halo completeness, C. Conceptually, C quantifies the fraction of visible

galaxies in a dark matter halo that is included in some identified galaxy group:

= 2)

where N}, is the total number of visible galaxies in the halo h (i.e. the number of survivor galaxies of the halo
once the apparent magnitude cut off has been applied) and 7y, is the number of visible galaxies in the halo &
that were also identified as members of the group g. As in the case of purity, if the halo shares galaxies with
more than one identified group, we will choose the one with the largest nj,.
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Figure 1: Group purity and halo completeness as a function of halo mass for FOF modified group catalogue
(red) and Final Sample (blue). Left panels show the purity results for all sample, groups with 4 or more members
and groups with 10 or more (on top, middle and bottom panel, respectively) while rights panels display those for
halo completeness.

Halo Occupation Distribution (HOD)

One of the main reasons for spending time and effort on developing an identifier capable of including groups of
galaxies that traditional FOF algorithms cannot reliably detect (Ng < 4) is studying the HOD. Now with the two
samples of groups that we obtained we can study the HOD in a wide range of masses and, also, compare the
results with the mock halos.
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Figure 2: HOD for halos in the mock (grey), FOF modified (red) and Final Sample (blue) for four absolute
magnitude threshold (M, =-18.5,-19.5,-20.5 and -21.5) as each panel indicate.

In this work, we proposed a method of identifying galaxy systems, assuming a definition of galaxy groups and
combining the two most popular methods: FOF and Halo-based.

We asses our algorithm using a mock catalogue of galaxies obtaining excellent results in terms of purity and
completeness. Given that our method brings two output catalogues (FOF modified and Final Sample) we were
able to compare the results corresponding to each of them. It is worth to mention the good performance of the
FOF modified algorithm, from which high levels of reliability were obtained with an average purity greater than
0.7 together with a completeness greater than 0.9. Even so, the entire process succeeds to improve purity at the
price of a small loss of completeness.

To conclude with the evaluation of the method, we compare the HODs obtained from our catalogues with those
corresponding to the mock, succeeding to reproduce their behaviour in a wide range of masses and magnitudes for
both catalogues. As an additional result, it is observed that HOD does not depend strongly on the identification
method. This result suggests that a suitable group definition and a reliable mass estimation is more important
than the singularities of each of the parts of our algorithm.

The next step is to apply this procedure to the SDSS DR12 to extract the galaxy groups and compare our result
with that of other authors.
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