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Galaxy clusters are the largest found gravitationally bound objects, making their observations
irreplaceable in research concerning the evolution and large-scale structure of the universe. Because
of their abundance in cosmological space and time scales, extensive surveys of galaxy clusters allow
us to place constraints on cosmological model parameters, properties of dark energy and large-scale
structure evolution. Within clusters, measuring the distribution of their members reveals information
about how galaxies populate dark matter halos and their formation history.

However, the number of methods available for identification of merging events and estimating
clustering statistics are limited, and their performance tests are often still in their early stages.
Additionally, there are generally two options for galaxy cluster studies from galaxy observations:
spectroscopic data and photometric data. Photometric redshift (zphoto) measurements are signifi-
cantly less precise, as they are obtained from empricial models, so substructure identification from
photometric data is often limited to 2-dimensional analysis, losing information in the velocity space.
Hence, spectroscopic redshift (zspec), which is calculated from the complete spectrum of an object,
should be used for reliable 3-dimensional analysis. Spectroscopic data is, however, significantly
limited in abundance compared to photometry, consequently making zspec completeness in member
catalogs a relevant factor of consideration within this study. Understanding at which complete-
ness levels spectroscopic data compares to photometry would improve the efficacy with which zspec
measurements can be utilized.

My thesis aims to address these issues by investigating four group-finding algorithms for the
purpose of substructure analysis using spectroscopic redshift measurements of galaxies. These group
finding algorithms are built on different principles, namely shifting gapper (Lopes et al., 2009) halo-
based methods (Tinker, 2021), Friends of Friends (Tempel et al., 2017), and Gaussian mixture
modelling with mclust (Scrucca et al., 2023). A preliminary study reveals that mclust is the most
suitable within the cluster environment. Hence this algorithm is focused on in the thesis as we
proceed to more rigorous statistical analysis of its performance.

This is done using simulated large-scale cluster data from the dark matter halo simulation Uchuu
(Ishiyama et al., 2021), populated with galaxies using techniques developed by Comparat et al.
(2020). The subset of data is then sampled from at varying completeness thresholds in the range
10% − 100%, and mclust is applied to the cluster. Then, focusing on the most massive subcom-
ponents, the recovery of substructure is investigated using five different Cluster Validity Indexes as
functions of completeness. These are then compared to the results of a similar analysis done on
photometric data by Sepúlveda et al. (in prep.). Preliminary results suggest that mclust on spec-
troscopic data outperforms substructure detection on photometric data already around 20% zspec
completeness. However, further study is needed into the effects of the underlying properties of the
different simulations to make a thorough comparison. Future prospects include study of substructure
dynamical properties and applying the algorithm on observational catalogs.
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