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titled "Environmental dependence of galaxy properties using marked 
statistics".

The PhD thesis of M.Sc. Unnikrishnan Sureshkumar "Environmental 
dependence of galaxy properties using marked statistics" prepared under the 
supervision of myself and Dr. Anna Durkalec from the Department of 
Astrophysics of the National Centre for Nuclear Research in Warsaw describes 
the study of the dependence of galaxy clustering on their physical properties, 
in particular absolute luminosities in different spectral ranges, stellar mass 
and star formation ratę. The relation itself has been known for a long time - it 
is known that bright, massive and passive - thus red - galaxies cluster morę 
strongly than weaker, less massive and blue - star-forming galaxies. This is a 
behaviour that can be explained within a hierarchical model of large-scale 
structure evolution, and is consistent with the assumption that the main 
driver of galaxy evolution is the mass of the dark matter halo in which galaxies 
are located, which in turn is correlated with the local dark matter density. 
However, the evolution of galaxies and their physical properties are also 
influenced by other factors - both interactions between galaxies, interactions 
with intergalactic matter and other factors that depend on the position of 
galaxies in elements of the large-scale structure (filaments, clusters, voids). 
Therefore, for a fuli understanding of the relations between the evolution of 
galaxy properties and their position in the large-scale structure, increasingly 
accurate methods are needed to analyse the scale-dependent clustering 
relations and galaxy properties.

The dissertation of M.Sc. Sureshkumar explores the possibility of using 
for this purpose a method, gaining popularity but relatively rarely used so far, 
which is the analysis of so-called marked correlation functions, where selected 
galaxy properties are used as marks. The dissertation is based in large part on 
materiał presented in two articles, one of which was published in A&A in 
2021, and the other one is already after the first positive review in A&A
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(Sureshkumar et al. 2021 and Sureshkumar et al. 2022). The dissertation also 
contains additional elements of the analysis, which will be the subject of 
subsequent publications.

For the work presented in the dissertation, Mr. Sureshkumar, 
developed by his own an efficient code for computation of the marked 
correlation functions and comparing them for different marks.

Both publications, which are the main basis of the PhD thesis, made 
use of data from the GAMA spectroscopic survey and were prepared as 
official publications of the GAMA collaboration, which somewhat prolonged 
the publication process.

It should be emphasised that the results of measurements of marked 
correlation functions described in M.Sc. Sureshkumar's PhD thesis are the 
deepest in the literature to date (reaching a redshift of z~0.4). M.Sc. 
Sureshkumar shows in his work that galaxy properties play a visible and 
important role in galaxy clustering on smali scales (< 1 hA-l Mpc), and that 
galaxy clustering follows a peculiar hierarchy. The property of galaxies most 
strongly correlated with local density is stellar mass, the strongest anti- 
correlation is observed for the star formation rate, and correlation functions 
marked by luminosities in the infrared (K) to near ultraviolet (u) filters arrange 
themselves in a sequence between correlation functions marked by stellar 
mass and star formation rate. While the correlations of all these properties 
with the environment themselves are long known, the measurement 
presented in this dissertation allows for the first time to show the exact 
relationship between them. It can be seen, for example, that although the 
near-infrared luminosity (K-filter), widely regarded as a good indicator of 
stellar mass, does indeed track the environment in a way similar to stellar 
mass, the clustering of galaxies marked with the K luminosity is somewhat 
lower at smali scales than for stellar mass itself.

In the next section, this analysis is extended - again for the first time in 
the literature - to infrared luminosities in the range up to 24um, an estimate 
based on the cross-correlation of GAMA data with WISE data. Here, Mr. 
Sureshkumar shows that further ranges of the near-infrared still allow -albeit 
not perfectly - tracking stellar mass, and that mid-infrared luminosity is a good 
indicator of the star formation rate in the context of local density 
dependence. Again, while these correlations are not new per se, the 
differences between the correlation functions marked by the star formation ul- Orla 171 
rate estimated using different methods point to non-obvious correlations of pp gg 1^^ 
these indicators with the local environment.
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The question that arises in the light of the measurements described 
above is how far the interpretation of these relations can be helped by recent 
cosmological simulations that take galaxy evolution modelling into account. In 
order to search for an answer, Mr. Sureshkumar, constructed an "artificial 
GAMA catalogue" based on cosmoDC2 simulations - the official simulations of 
the LSST DESC collaboration, which is based the state-of-the-art 
"UniverseMachine" model. It turned out, however, that the simulations are 
not able to reflect the subtle relationships between the properties of real 
galaxies, although some trends are similar. The analysis presented in the PhD 
thesis of Mr. Sureshkumar was presented to the DESC collaboration and is 
likely to be used at a later stage to improve the models used in the 
simulations.

The software developed as part of the dissertation can be successfully 
used to analyse data from other surveys.

The analysis carried out by the PhD student required programming 
skills as well as a wide rangę of knowledge, both astrophysical and statistical. 
Although the analysis presented in the paper still has a great potential to 
develop the interpretative layer, I believe that the dissertation of M.Sc. 
Unnikrishnan Sureshkumar, in its present form, meets all the requirements for 
a doctoral thesis, presents a significant contribution to the field of 
extragalactic astronomy, and I recommend to admit it to further stages of the 
doctoral procedurę.
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