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Abstract

Galaxy clusters represent some of the most extreme environments in the Universe. They
are ideal locations to study the impact of an extreme environment on stellar evolution.
In this work, we try to determine how the stellar mass function depends on factors such
as the surrounding environments, whether they reside in isolated fields, galaxy groups,
or clusters. We use the 9-band photometric galaxy data of the G9 patch from the Kilo
Degree Survey (optical) and the VISTA Kilo-Degree Infrared Galaxy Survey (infrared),
containing around 3.7 million galaxies, overlapping with the cluster catalog provided
by the eROSITA Final Equatorial Depth Surveys (eFEDS). After applying appropriate
selection criteria, we have 105 eFEDS clusters within the redshift range 0.385-0.8, covering
→ 46 square degrees. The large, continuous overlap of the surveys allows us to examine
the SMF of the cluster galaxies within the cluster-centric radial bins up to 5R500. We
find a clear detection of the cluster galaxy SMF up to 2R500 beyond which it’s consistent
with the background. We divide the cluster sample into redshift, mass, and luminosity
bins to examine their impact on the SMF. The SMF of cluster galaxies for the high-mass
clusters shows a decline at low stellar masses (M→ ↭ 2↑ 1010M↑) within 0↓ 0.5R500, as
compared to a flat SMF for the low-mass clusters, suggesting the low-mass galaxies grow
over time before reaching the cluster center. Additionally, we find a higher SMF for the
low redshift bin within 0.5R500 at stellar masses M→ < 1010M↑. We also examined the
e”ect of cluster ellipticity on the cluster galaxy SMF and found a higher SMF for low
ellipticity clusters within 0.5R500, suggesting a link between the dynamical age and the
stellar population growth in the cluster cores.

I



Contents

1 Introduction 1
1.1 Galaxies in di”erent environments . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Galaxy evolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 Multi-wavelength studies of galaxies . . . . . . . . . . . . . . . . . . . . . 2

2 Review of Past Work and Problem Formulation 4
2.1 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.2 Problem Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.2.1 Caveats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.2.2 Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3 Datasets 7
3.1 KiDS+VIKING-450 (KV450) Galaxies . . . . . . . . . . . . . . . . . . . 7
3.2 eFEDS Clusters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.3 Cluster Galaxy Sample . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.3.1 Cluster galaxy selection process . . . . . . . . . . . . . . . . . . . 10

4 Sky coverage map for KV450 galaxies 12
4.1 HEALPix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
4.2 Creating Map using healpy . . . . . . . . . . . . . . . . . . . . . . . . . . 12
4.3 Calculation of Cluster Volume . . . . . . . . . . . . . . . . . . . . . . . . 13

5 Stellar Mass Function (SMF) 14
5.1 SMF For KV450 galaxies . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

5.1.1 Counting Galaxies in Stellar Mass Bins . . . . . . . . . . . . . . . 14
5.1.2 Applying Stellar Mass Completeness Limit . . . . . . . . . . . . . 15
5.1.3 Poisson Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . 15

5.2 SMF for Cluster Galaxies . . . . . . . . . . . . . . . . . . . . . . . . . . 16
5.2.1 Background/Foreground Subtraction . . . . . . . . . . . . . . . . 18

6 Results and Discussions 21
6.1 Redshift Dependence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
6.2 Cluster mass and luminosity dependence . . . . . . . . . . . . . . . . . . 22
6.3 Dynamical State Dependence . . . . . . . . . . . . . . . . . . . . . . . . 24

7 Conclusions and Scope for Future Work 27
7.1 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
7.2 Scope for future work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

II



References

III



List of Figures

3.1 Overlap of KV450 galaxies with eFEDS Field . . . . . . . . . . . . . . . 9
3.2 total mass and redshift distribution of eFEDS clusters . . . . . . . . . . . 10
3.3 Cluster galaxy sample. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.1 KV450 Galaxy map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

5.1 Mass completeness limit . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
5.2 Redshift vs Total Mass of Clusters . . . . . . . . . . . . . . . . . . . . . 17
5.3 Footprint of G9 patch after masking the galaxies within the cluster radius

2R500 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
5.4 SMF for cluster galaxies within cluster-centric radial bins . . . . . . . . . 20

6.1 Redshift, luminosity and mass dependent SMFs . . . . . . . . . . . . . . 23
6.2 Comparison of luminosity dependent SMF with the field galaxy SMF in

two redshift bins (0.385,0.5) and (0.5,0.8) . . . . . . . . . . . . . . . . . . 24
6.3 Clusters’ dynamical state dependent SMFs for the clusters with ellipticity(e)

e < 0.5 and e > 0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
6.4 Clusters’ dynamical state dependent SMFs for 10 highest and 10 lowest

ellipticity clusters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

IV



Chapter 1

Introduction

Galaxies contain gas, dust, stars, and dark matter, bounded by their gravitational
fields. Galaxies have various sizes and shapes, such as spiral, elliptical, and irregular.
The stellar mass of a galaxy is the total mass of stars within it, dependent on the star
formation rate of the galaxy, which represents the amount of new stellar mass created per
unit of time, expressed as solar masses per year. Stars form from cold molecular hydrogen
clouds of gas and dust in space, which start to collapse under their own gravity. As the
cloud starts to collapse, it heats up and forms a protostar in its center. The protostar
begins to gather more material from the surroundings due to its gravitational field. When
the pressure and temperature of the protostar become high enough, the nuclear fusion
reactions begin. The star formation of the galaxy depends on various factors such as
the amount of cold molecular clouds present in the galaxy, which are called the stellar
nurseries [32], dynamic processes going on inside the galaxy, like galactic winds[4][14],
feedback processes[27], etc, and the surrounding environment of the galaxy. These factors
cause growth or reduction in star formation over time.

1.1 Galaxies in di!erent environments

Galaxies can be found in a completely isolated environment, small groups, and clusters.
Field galaxies are the galaxies that evolve in isolation; they reside in low-density regions
of the universe, and the halo mass for field galaxies is around < 1012.5M↑. Galaxy groups
are the small groups of galaxies containing very few to less than a hundred galaxies
with halo mass range between (1013 ↓ 1014)M↑ while, galaxy clusters are the largest
gravitationally bound structures that contain hundreds or thousands of galaxies held
together with halo mass range (1014 ↓ 1015.5)M↑. Galaxies within the clusters have
di”erent environments compared to the isolated galaxies in the field, examples of the
impact of a cluster environment are interactions with neighboring galaxies since clusters
have higher densities of galaxies such as galaxy merger while merging their gas reservoirs
get compressed cause the starburst in high density regions only for a short time and then
eventually cause reduction in star formation[3][17], tidal forces from clusters gravitational
potential can strip away cold gas of galaxies from its outer layer [23][8], ram pressure
stripping due to the presence of hot (T → 107↓108K) intracluster medium (ICM), which
exert pressure on the galaxy moving through it and strips away the cold gas from the
galaxy disk[13][15], etc., results in low star formation rate or even halt the star formation
which a”ects their evolution over a cosmic time, while field galaxies which reside in less
dense and isolated regions undergo fewer interactions with neighboring galaxies compared
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to cluster galaxies. Field galaxies undergo internal quenching (reduction or complete
shutdown of star formation) processes, such as stellar and supernova feedback, AGN
feedback, and gas exhaustion. The energy released from the massive stars or supernova
bursts causes the outflow or heating of cold gas in the interstellar medium. And over
time, the galaxy uses all its gas reservoirs for the ongoing star formation and eventually
causes quenching due to the unavailability of cold gas, etc.

1.2 Galaxy evolution

Along with galaxy environments, galaxy redshifts are also critical while looking into
how galaxies have evolved through cosmic time. Redshifts are used to track how galaxies
change over time and help us understand how they form, grow, and evolve over billions
of years. Typically, redshift is computed by spectroscopic and photometric means.
Photometric redshifts are calculated by measuring galaxies’ brightness in a range of
wavelength bands known as photometry. On the other hand, spectrometric redshifts
are calculated by analyzing the spectrum that the galaxies release and measuring the
shift in the spectrum, called spectroscopy. Kim et al.(2023)[16] studied 1,626 galaxies
with spectroscopic observations in 105 galaxy clusters in the redshift bin (0.26, 1.13) to
quantify how the cluster environment a”ects the star formation of their galaxies. They
found that the longer the galaxy stays in the cluster, the older its stellar population
becomes, suggesting the slowdown of star formation due to the cluster environment,
irrespective of the redshifts and galaxy luminosities. However, such spectroscopic studies
are limited by small galaxy samples. Spectroscopy provides detailed information about
the object, such as its composition, velocity using the Doppler shift in its spectra,
temperature, and better object classification. It gives a more accurate measurement
of redshifts compared to photometry. But spectrometry consumes more time to analyze
the spectra of a large number of objects, so these surveys generally have a limited field
of view, and the spectrometers are more expensive and complex to operate than the
photometers. While photometry can be used for large surveys as they are cost-e”ective
and less time-consuming, we can determine most of the properties of objects due to
multi-band observations.

1.3 Multi-wavelength studies of galaxies

Astronomical surveys play an important role in understanding galaxies at di”erent
wavelengths. These surveys are conducted to study the large-scale structures in the
universe. These surveys aim to observe a significant portion of the sky in specific
wavelength bands with a specific survey goal and are carried out with telescopes having
sensitive cameras and detectors that can detect the light coming from a source in di”erent
wavelength bands. Then the calibrated images are used for flux measurements in di”erent
wavelength bands. Flux refers to the amount of light received from an object, which
allows quantifying the brightness of the object received by the sensor or detector. These
surveys provide the catalogs based on their observations, such as providing the data about
positions, redshifts, luminosity, magnitudes, etc., of the detected sources, and enable the
mapping of large-scale structures in the universe, such as galaxies, galaxy clusters, and
many more. The sky surveys, which are based on photometry, are called photometric
surveys. Some examples of photometric surveys are the Dark Energy Survey (DES)
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[2], the Two Micron All Sky Survey (2MASS) [28], the COSMOS/UltraVISTA Survey
[25], etc. Photometric surveys made galaxy evolution studies easier by providing data on
galaxy distribution over large sky regions and the measurements of their properties. While
X-ray observations carried out with telescopes like Chandra, XMM-Newton, eROSITA,
etc., are powerful for detecting galaxy clusters with the observation of hot intracluster
gas, which indicates massive, gravitationally bound systems. The union of these two
data sets enables robust characterization of cluster membership and makes possible
the examination of how processes on cluster scales a”ect galaxy properties and their
evolutionary paths.

To understand how galaxies evolve as they enter dense cluster environments, it is
crucial to compare the environments of galaxies in the isolated field with those inside
clusters (or inside a cluster within various radial bins) to analyze the cluster center and
the cluster outskirts. One of the important aspects to study about galaxy environments
is their stellar mass functions (SMFs), which show how the number density of galaxies
changes with respect to their stellar masses. Comparing the SMFs of galaxies in various
environments and at various redshift ranges enables us to reveal important insights into
the process that molds galaxies’ evolution.
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Chapter 2

Review of Past Work and Problem
Formulation

2.1 Literature Review

Several observational studies have tried to explain the impact of the environment on
the stellar mass function of galaxies. Eg, Van der Burg (2013)[30] studied 10 clusters from
the GCLASS survey and compared the SMF of cluster galaxies with the field at z → 1
using the 11-band photometry galaxy data from the COSMOS/UltraVISTA survey. They
divide the galaxies further into star-forming and non-star-forming (quiescent) galaxies
using their U-V and V-J colors. They found that at lower stellar masses, the total SMF
(including all the galaxies) has a decline for the field galaxies compared to the cluster
galaxies, but in the comparison of field vs cluster galaxies for the quiescent as well as
star-forming galaxies, have no significant di”erence.

Tomczak et al. (2017)[29] studied how the local environment a”ects the evolution
of galaxies by studying the SMFs of galaxies from the galaxy data (containing field and
cluster galaxies) drawn from the ORELSE survey within 0.55 < z < 1.3. They derived
the stellar masses from SED fitting using the code FAST[19]. They also used galaxy
divisions as star-forming and quiescent. Their results show that the shape of SMF varies
according to the environment; the denser regions have a higher proportion of massive
galaxies as compared to low-density regions. The SMF for star-forming galaxies doesn’t
vary much across the environments, but the massive quiescent galaxies are more in the
denser regions.
Van der Burg et al. (2018) [31] studied 21 most massive clusters identified through
the Planck SZ survey with multi-band photometry ranging from u (→ 3000A

→) to Ks
(→ 22000A

→
) band with the redshift range 0.5 to 0.7. They aimed to understand the

environment’s impact on galaxies’ behavior as they move towards the cluster center.
To achieve this, they compared the SMF of galaxies within cluster environments to
that of galaxies in the field at similar redshift ranges, using the COSMOS/UltraVISTA
survey’s dataset. In addition to this, they categorized the galaxies as star-forming and
passive galaxies using their rest frame U-V and V-J colors, and also compared the SMF
of Star-forming and passive galaxies for field vs cluster galaxies at a given redshift range.
They calculated the stellar masses for each galaxy and constructed a catalog from the
UltraVISTAmain catalog, only using 8 filters uBVrizJKs for each cluster. They calculated
the photometric redshift for the galaxies using the posterior probability distribution
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function given by the template fitting code EAZY[5] and also calculated a ωz scatter to
compare spectroscopic versus photometric redshifts. where#z = (zph ↓ zspec)/(1 + zspec).
They calculated the SMFs for star-forming and quenched galaxies for field and cluster
galaxies and a total SMF for all galaxies. The SMF comparison of the field to cluster
galaxy showed that there is a higher quenched fraction of galaxies in the cluster as
compared to the field making low mass slope steeper in cluster SMF but the shape of
star-forming galaxies is the same showing that it is independent of the environment and
the total SMF including both galaxies didn’t vary significantly. They compared the
cluster SMF in four radial bins starting from the cluster center to 2R500, each di”ering
by the cluster radius of 0.5R500. They found that the quenching fraction of low mass
galaxies is nearer to the center and decreases as we move away from the center due to
the environment quenching which cause the decrease in quiescent galaxy SMF at lower
stellar masses but there is no significant change in SMF shape for quenched galaxies and
also no significant shape changes in total SMF between the radial bins.

2.2 Problem Formulation

2.2.1 Caveats

The main caveats of these works, which cause the biases in the field to cluster galaxy
SMF comparisons, are:

1. Limited data set: these studies contain a limited sky coverage of their multi-
wavelength galaxy sample. Due to the small sky coverage, cosmic variance plays
a crucial role. Cosmic variance refers to the statistical fluctuations or variations
in observations of cosmic structures in a small sample area, as the universe is not
perfectly homogeneous.

2. Use of di”erent multi-wavelength surveys for field versus cluster galaxy samples.

3. This survey analyzed the cluster samples up to a small range of cluster-centric radii,
not analyzing the cluster outskirts properly. While comparing the cluster SMF with
the field SMF.

To address these caveats, we used the combined nine-band photometric data of
the Kilo Degree Survey (KiDS)[20] and the VISTA Kilo Degree Infrared Galaxy Survey
(VIKING)[10] with a common →341 deg2 survey area, jointly referred as KiDS+VIKING-
450(KV450)[35]. Both of these surveys were conducted by the European Southern Observatory
(ESO) and 105 eROSITA Final Equatorial-Depth Survey (eFEDS)[21] clusters, which are
a part of the eROSITA All Sky Survey(eRASS)[7]. From the survey overlap, we calculated
the SMF for cluster galaxies and their coeval fields, and compared these two. In addition
to this, we compared the SMF of the cluster within the cluster-centric radial bins to
study the environmental e”ects within the clusters. We analyzed the cluster outskirts
up to 5 ↑ R500, thanks to the continuous coverage of the photometric surveys under
consideration.

2.2.2 Method

Below is a summary of the steps involved in our analysis.
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1. First, we verify the SMFs of KV450 galaxies at di”erent redshift bins using the
1/Vmax method with added Poisson uncertainty. Our results are consistent with
those provided by Wright et al. (2019)[35]

2. For the cluster galaxy sample, we have assigned the galaxies to the cluster that
are within the cluster-centric radial bins and have an uncertainty in redshift range
z ±#z where z is the cluster redshift. We have calculated the R500 and #z.

3. For the cluster membership, we have assigned the galaxies to the cluster that are
within the cluster-centric radial bins(multiples of R500) and having an uncertainty
in redshift range z±#z where z is the cluster redshift. We have calculated the #z

uncertainty in cluster galaxy redshift.

4. We applied a selection criterion on the KiDS+VIKING-450 dataset, which causes
the reduction of galaxies, leaving some of the clusters with empty patches. To
overcome this bias, we created a HEALPix map for field galaxies and calculated
the cluster area and volume using the non-zero galaxy pixels.

5. For cluster galaxy SMF, we started by calculating the number of galaxies within
the cluster-centric radial bins at a given redshift bin, and removed all the galaxies
below the stellar mass completeness limit. Then we computed the SMF by counting
the galaxies within the stellar mass bins. We introduced the Poisson uncertainty to
SMF data points, which is the square root of the galaxy count within stellar mass
bins, by propagating the error.

6. To ensure there is no influence of field galaxies on cluster galaxy SMF, we removed
their coeval field SMF of the clusters from the calculated SMFs. We considered the
radial bin 4↓ 5R500 as a field. To calculate this field SMF, we masked the clusters
up to 2R500

7. We divided the clusters with respect to their median redshift, median mass, and
median luminosity, calculated the cluster galaxy SMF within di”erent radial bins,
and then compared them within the same redshift range. to quantify the e”ect of
mass and luminosity on the cluster galaxy SMF.

8. To quantify the e”ect of clusters’ dynamic nature on galaxy evolution, we chose 20
clusters, 10 with the lowest and 10 with the highest ellipticity from the 105 clusters,
and compared their SMFs.
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Chapter 3

Datasets

To study the impact of the galaxy cluster environment on the SMF of the galaxies
residing in the field compared to cluster galaxies, for the galaxy properties such as stellar
masses and photometric redshifts, we are using the KiDS+VIKING-450 dataset publicly
available by Wright et al. 2019 [35], along with data from the eROSITA Final Equatorial-
Depth Survey (eFEDS)[21] for the clusters.

3.1 KiDS+VIKING-450 (KV450) Galaxies

The KiDS (Kilo Degree Survey)[20] and VIKING (VISTA Kilo degree Infrared Galaxy)[10]
surveys were jointly designed to provide well-aligned optical and near-infrared (NIR) data
across →1350 deg2 of the sky in both the Galactic North and Galactic South regions. The
surveys were planned to have nearly identical coverage areas in the sky. Both surveys
have already completed their imaging over the planned sky area, VIKING with DR4
in February 2020 and KiDS with DR5 in June 2024 [36]. The KiDS-450 dataset after
masking is divided into five distinct patches on the sky shown in figure 4.1 named as
G15, G12, G9, GS, and G23, primarily centered on fields observed by the the Galaxy
And Mass Assembly (GAMA) redshift survey [9] except GS patch.

Wright et al. (2019) [35] combined optical ugri-band ((3000-9000 Å)) data from
the KiDS survey and near-infrared ZYJHKs-band (8000-24000 Å) data from the VIKING
survey. The combined KV450 sample is defined as only those KiDS-450 sources that
overlap with VIKING imaging and masked all other sources with missing near infra-red
coverage. This combination of survey depth (r ↔ 25) where r is magnitude in r-band and
the use of a nine-band wavelength coverage (ugriZYJHKs) enables substantial reductions
in systematic uncertainties, including outlier rates and scatter, when comparing photometric
and spectroscopic redshifts. KV450 covers →341 deg2 with 447 overlapping pointings. It
includes around 31.9 million primarily extragalactic sources. The authors have provided
photometry, photo-z estimates, and stellar masses for the sources.

The catalog presented by Wright et al. (2019) [35] consists of → 49 million all
extragalactic sources, including stars and galaxies. We have applied a selection criteria
for galaxies (mask ↔ 4) on the dataset, removed all the stars, and also removed all
galaxies for which the stellar masses were undetermined, after the reduction, the data set
is reduced from → 49 million extragalactic sources to → 31 million galaxies and then this
reduced KV450 catalog is used for further calculations.
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3.2 eFEDS Clusters

The eROSITA Final Equatorial-Depth Survey was conducted during the evaluation
verification stage of the eROSITA X-ray telescope, in the first quarter of November 2019.
Spanning →140 deg2 (126↓ < RA < 146↓ and ↓ 3↓ < Dec < +6↓) of the sky, the eFEDS
survey has identified 542 potential candidates of clusters and groups of galaxies through
X-ray selection. These clusters are spread out across a range of redshifts, from 0.01 to
1.3, having a median redshift at 0.35. Several observations have been conducted on the
eFEDS field using various survey instruments across di”erent wavelength bands, ranging
from optical to radio. These observations include confirmation, estimating weak-lensing
masses, and determining redshifts for eFEDS clusters.

Liu et al. (2022)[21] presented the catalog of groups and galaxy clusters identified
within the eFEDS field with a likelihood extent defined as Lext = ↓ ln(P ) where P is
probability that the detected source is consistent with a point-source model. In their
analysis a threshold of Lext > 6, results in an estimated purity of approximately 80%
for the entire cluster sample. Their study also included the inaugural results of an X-
ray analysis for these galaxy groups and clusters based on the data from eROSITA.
They used the multicomponent matched filter (MCMF) tool to compute photometric
redshifts for the clusters by analyzing the photometric dataset from DECaLS, unWISE,
and HSC surveys. The photometric redshift distribution of these clusters is shown in
Figure 3.2(b). Spectroscopic redshifts were derived through cross-matching with various
publicly available spectroscopic surveys, such as 2MRS, SDSS up to DR16, and GAMA.
They provided spectroscopic redshifts for a total of 297 clusters.

Klein et al. (2022) [18] performed the optical follow-up of the eFEDS 542 group
and cluster candidates to provide their redshift, dynamical state, richness, masses, etc.
The mass distributions of these clusters are shown in Figure 3.2(a), respectively.
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Figure 3.1: Footprint of eFEDS Field having a overlap with KV450 galaxies. The blue-
colored region shows the overlapping of KV450 (G9) patch galaxies with eFEDS clusters,
and cluster positions are shown with black circles.

3.3 Cluster Galaxy Sample

The eFEDS field overlaps with the G9 patch of KV450 shown in Figure 3.1. From the
overlap, we have created cluster galaxy samples. We used the cluster galaxy data, such
as the galaxies which belong to the eFEDS clusters if they are within the cluster radius
(R500) and redshift uncertainty (±#z), while z is the cluster redshift. We assigned the
KV450 galaxies to the eFEDS clusters, which should be part of a specific cluster at a
given cluster redshift and cluster-centric radial bin.

The cluster radius is measured in (R500), where the mean density of the cluster is 500
times the universe’s critical density. Klein et al. (2022)[18] provided the mass of clusters
M500 (refer Figure 3.2(a)) and calculated the luminosity - mass (L-M) scaling relationship
from Bulbul et al. (2019)[6] given by,

L500, 0.5↔2.0 = AX

(
M500

Mpiv

)BX
(

E(z)

E(zpiv)

)2 (
1 + z

1 + zpiv

)ωX

(3.1)

Where L500, 0.5↔2.0 is luminosity calculated in the energy range 0.5-2.0 keV withinR500,E(z)
is the dimensionless Hubble parameter. For this scaling relation the best-fit parameters
are

AX = 4.15 ↑ 1044 erg s↔1, BX = 1.91, and εX = 0.252. The pivot mass and redshift
are Mpiv = 6.35↑ 1014 M↑ and zpiv = 0.45, respectively.

We have Calculated R500 for the givenM500 of a cluster by using the following formula,

M500 ↗ 500

(
4ϑ

3

)
R

3
500 ↑ ϖc (3.2)

R500 ↗
(

3↑M500

500↑ 4ϑ ↑ ϖc

) 1
3

(3.3)
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(a) Total mass distribution (b) photometric redshifts Distribution

Figure 3.2: Total mass and redshift distribution of eFEDS clusters. The dashed line
shows all 542 clusters, the solid line represents the total 313 clusters that have KV450
galaxy coverage within 5R500, and the grey-shaded region shows the final sample of 105
clusters used in SMF analysis within the redshift range (0.385, 0.8).

Where ϖc is the critical density of the Universe, the required average density of matter
to halt the universe’s expansion. For each cluster, we have calculated ϖc, which is a
function of redshifts using astropy. The angular sizes (corresponding to R500) of these
clusters are,

ϱ500 =

(
R500

DA

)
(3.4)

DA is the angular diameter distance of the cluster, dependent on redshift.

3.3.1 Cluster galaxy selection process

To identify galaxies that should be cluster members, we use the photometric redshift
uncertainties of galaxies. Wright et al. (2019) [35] calculated photometric redshifts from
9-band (ugriZYJHKs) photometry for the KV450 using Bayesian Photometric Redshifts
(BPZ), a large number of spectroscopic redshift samples from di”erent surveys are used.
They compare spectroscopic redshifts(zspec) to photometric redshifts(zph) using the following
formula;

zph ↓ zspec

1 + zspec
↗ #z

1 + z
(3.5)

Where, #z/(1 + z) = ςm . ςm is the median absolute deviation. The calculated values
for ςm are 0.061 for zph ↔ 0.9 and 0.096 for zph > 0.9. We have used the same ςm to
calculate the redshift uncertainty for cluster galaxies, where #z = (1 + z)↑ ςm, z is the
cluster redshift, and ±#z is its uncertainty. Figure 3.3 shows one of the cluster galaxy
samples from our cluster galaxy data.

10



Figure 3.3: Shows the cluster named eFEDS J083834.2+020644 at redshift, z = 0.46
with the cluster centric radii R500, 2R500 and 3R500 shown in green, orange and purple
color respectively, with R500= 0.95Mpc. Galaxies within the cluster centric radii are
shown in blue color with redshift range z±#z, #z = 0.089, and the red dot is the cluster
center. As we move away from the cluster center, the number of galaxies per volume
decreases. The cluster has 181 galaxies within R500, 427 galaxies within 1-2R500 and 452
galaxies within 2-3R500
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Chapter 4

Sky coverage map for KV450
galaxies

We have created a sky coverage map for the KV450 galaxy dataset with the aim of
calculating the cluster volume within the cluster-centric radial bins using HEALPix[1]
pixelization scheme as described below.

4.1 HEALPix

HEALPix stands for Hierarchical Equal Area isoLatitude Pixelization. This pixelization
scheme is commonly used to map the celestial sphere onto a grid of pixels[11]. It divides
the celestial sphere into several pixels with the same area, such that each pixel covers the
same solid angle on the sky.

4.2 Creating Map using healpy

‘healpy’ is a Python package designed to handle pixelated data on a sphere based
on the HEALPix scheme. It provides a number of functions and tools to create and
manipulate HEALPix maps[37].

Nside is a parameter that defines the resolution of the HEALPix map. it specifies
the number of divisions along each axis of a HEALPix grid. The value of Nside should
be 2k where k=0,1,2,3,....n, and n is a positive integer. the total number of pixels in
a HEALPix map is 12 ↑ Nside

2 it means the HEALPix grid is initially divided with 12
equal area pixels at k=0 and each time we increase the value of k by 1 each pixel get
divided into further 4 new pixels with equal area. The higher values of Nside correspond
to smaller pixel areas and higher resolutions.

We used a large Nside equal to 4096, where k=12, which corresponds to a pixel
resolution equal to ↘ 51.5 arcseconds. With this resolution, we obtain a mean of 16
galaxies per pixel calculated for the pixels with at least one galaxy. To further avoid
shot noise due to the low number of galaxies per pixel or not to overestimate the cluster
volumes, we considered only the pixels that contain at least five galaxies. The calculated
area for KV450 with this resolution is → 379.67 deg2, and the final area for the G9 patch
is → 46 deg2. The areas are calculated after applying the selection criteria on the galaxy
dataset mentioned in the section 3.1.
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4.3 Calculation of Cluster Volume

As we applied several selection criteria or masking on the KV450 data set, we started
to lose some of the coverage areas within the clusters. Additionally, the clusters near
the survey boundary are not evenly covered. To overcome this, we normalize the cluster
SMF by dividing it by the total usable volume of clusters. We calculate the cluster area
using the HEALPix KV450 map by only considering pixels where at least 5 galaxies are
present, we multiply the total number of such pixels within the given radial bin by the
single pixel area of the map to compute the total area of a cluster within that bin. The
calculated area was in degrees sq., so we converted it to Mpc sq., such that the total
cluster area containing galaxies in the radial bin equals the fraction of pixels with at least
5 galaxies to all pixels within the given radial bin times the area of the radial bin. Then
we estimated volumes for cluster radial bins. We considered the projection of the cluster
over the sky as a cylinder with height as comoving length associated with 2#z as ±#z

is the cluster galaxy uncertainty. The cluster Volume V
c
j,i is given as:

V
c
j,i = A

c
j,i ↑

[
Dc(z +#z)↓Dc(z ↓#z)

]
(4.1)

where V c
j,i, A

c
j,i are the volumes and areas of the ith radial bin and j

th cluster respectively,
and Dc is the comoving distance.

Figure 4.1: HEALpix map showing the KV450 galaxies distributed in five patches over
the sky with the resolution of 51.5 arcsec.
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Chapter 5

Stellar Mass Function (SMF)

5.1 SMF For KV450 galaxies

The stellar mass function (SMF) is a statistical distribution that describes the number
density of galaxies as a function of their stellar masses. We have calculated and verified
the SMF for the KV450 galaxies within di”erent redshift bins; the steps involved are
explained below.

5.1.1 Counting Galaxies in Stellar Mass Bins

First, we started calculating SMF by counting the galaxies within the bins of their
stellar masses. We used the stellar mass bin width of 0.25 dex. Then we have applied
the 1/Vmax given by Schmidt (1968) [26][33] where Vmax is a maximum comoving volume
which is a function of redshift, comoving volume is the amount of space occupied by the
galaxy while the universe’s expansion over time is taken into account.

Intrinsically faint galaxies are less likely to be detected by the selection criteria of
the survey compared to the brighter sources, which is called the Malmquist bias. This
bias particularly a”ects NIR samples where faint galaxies may have low luminosities and
masses and can only be detected at lower redshifts within a limited volume of space. The
1/Vmax Method corrects this bias by figuring out the largest possible volume where each
detected object can be seen. The maximum observable comoving volume (Vmax,j) for the
j
th galaxy within the redshift bin zlow < z < zhigh is given by:

Vmax,j =
4ϑ

3
↑ $

$sky
↑

(
Dc(min(zmax,j, zhigh))

3 ↓Dc(max(zmin,j, zlow))
3
)

(5.1)

where $ represents the sample’s projected solid angle on the sky, and $sky is defined
as 41253 deg2, representing the solid angle of the celestial sphere. Dc(z) denotes the
comoving distance at redshift z. Additionally, zmax stands for the maximum redshift
at which the best fit spectral energy distribution (SED) of a galaxy can be no longer
observable due to the flux limit of the survey, while zmin corresponds where the source’s
brightness could potentially exceed the camera’s capacity and saturate it. In practice,
zlow represents the lower boundary of the redshift bin within which the j

th galaxy lies.

The SMF of KV450 galaxies within i
th stellar mass bin calculated using 1/Vmax method
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for a given redshift bin is given as

φi(M→) =
1

# logM→
↑

∑

j

1

Vmax,j
(5.2)

Note that we kept the stellar mass bin width, which is # logM→ = 0.25 dex throughout
the analysis.

5.1.2 Applying Stellar Mass Completeness Limit

After calculating the galaxies within the mass bins and the given redshift bin, we
applied mass completeness by removing all the galaxies below the mass completeness
at the upper redshift limit of the calculated SMF. The mass completeness limit is the
minimum stellar mass that a galaxy can have at a specific redshift to be detected by
the surveys. Galaxies with stellar masses below this limit are too faint to be detected
accurately by the survey instruments, and many of them get missed, causing incompleteness
while analyzing galaxy samples. We used the stellar mass completeness limit from Wright
et al. (2019) [35] calculated as flux scale-corrected stellar masses using the LE PHARE
template fitting code, the mass completeness limits for KV450 galaxies are shown in
Figure 5.1.

Figure 5.1: Mass completeness limit of KV450 galaxy stellar masses as a function of
their redshifts

5.1.3 Poisson Uncertainty

Poisson noise arises when we start counting the galaxies within the stellar mass bins,
which is a discrete quantity. To quantify this uncertainty, we calculated the Poisson error
as ςN =

√
N

g
i , where N

g
i represents the count of galaxies within the i

th stellar mass bin.
Using the propagation of error, we calculated the Poisson uncertainty as given below.
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φi(M→) =
1

# logM→
↑

∑

j

1

Vmax,j

From the relation, 〈
1

Vmax,j

〉
=

1

N
g
i

∑

j

1

Vmax,j
(5.3)

equation 5.3 becomes,

φi(M→) =
N

g
i

# logM→

〈
1

Vmax,j

〉
(5.4)

Calculating the uncertainty in SMF φi(M→), represented by #φi(M→), due to N
g
i by

propagating the error:

#φi(M→) =
ωφi(M→)

ωN
g
i

↑ ςN (5.5)

#φi(M→) =
1

# logM→

〈
1

Vmax,j

〉
↑
√

N
g
i (5.6)

Substituting equation 5.3 in equation 5.6 we get:

#φi(M→) =
1

# logM→
↑ 1

N
g
i

∑

j

1

Vmax,j
↑
√

N
g
i (5.7)

#φi(M→) =
1√

N
g
i ↑# logM→

↑
∑

j

1

Vmax,j
(5.8)

Equation 5.8 shows the calculated Poisson uncertainty in the stellar mass function φi(M→)
of KV450 galaxies.

Our results of KV450 galaxy SMF with 1/Vmax within redshift bins are consistent
with the one calculated by Wright et al. (2019) [35]

5.2 SMF for Cluster Galaxies

We analyzed the clusters up to the cluster-centric radius 5R500, out of 541 eFEDS
clusters, there are a total of 313 clusters who has the coverage within 5R500 shown in
Figure 3.2. First, we divide these clusters into two redshift bins (0.385, 0.5) and (0.5, 0.8),
where 0.5 is the median redshift within (0.385, 0.8). For the cluster data, we excluded
all the clusters below the redshift range 0.385 as the galaxy SMF below z = 0.3 had a
significant deviation from the galaxy SMF model given in Wright et al. (2018) [34] which
shows the survey bias against selecting galaxies having largest angular size [35]. The
maximum value of #z in cluster redshift bin (0.3, 0.4) is approximately 0.085 so while
creating the cluster galaxy sample within this range to ensure that the clusters should not
contain any galaxy below z = 0.3 we set lower cluster redshift limit at 0.385 for the SMF
analysis losing the maximum number of low mass clusters. And with the upper redshift
limits of the clusters, we started to lose some features in SMF at low masses since we are
only left with the most massive galaxies due to the high stellar mass completeness limit
at higher redshifts. so we truncated the upper limit at 0.8, losing the clusters at higher
redshifts. The total number of clusters used in the analysis is reduced to 105 with the
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Figure 5.2: The distribution for the total mass of 313 eFEDS clusters (red filled circles)
as a function of their redshifts. The final sample of 105 eFEDS clusters used for SMF
analysis lies between z = (0.385, 0.8), shown by the dashed vertical lines.

median redshift at 0.5 and median total mass at 1014.55M↑, Figure 5.2 shows the total
mass vs redshift distribution of the final cluster data used in the analysis.
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For calculating the SMF of cluster galaxies, we started by calculating the number
of galaxies within the given radial bin of all the clusters, excluding all the galaxies below
the mass completeness limit at the highest redshift in the given redshift bin. Then started
counting galaxies within stellar mass bins with a bin width of 0.25 dex and then divided
by summing all the cluster-centric radial bin volumes of clusters from the final cluster
data, which has galaxy coverage within the given radial bin. The cluster galaxy SMF
within the i

th cluster-centric radial bin is:

φi(M→) =
1

# logM→
↑ N

g
i∑

j V
c
j,i

(5.9)

now, calculating the Poisson uncertainty in SMF φi(M→), represented by #φi(M→), due
to N

g
i by propagating the error,

#φi(M→) =
ωφi(M→)

ωN
g
i

↑ ςN

Therefore, the uncertainty in the stellar mass function of galaxies becomes,

#φi(M→) =
1

# logM→
↑

√
N

g
i∑

j V
c
j,i

(5.10)

Equation 5.10 shows the calculated Poisson uncertainty in the cluster galaxy SMF.

5.2.1 Background/Foreground Subtraction

After calculating the SMF in di”erent radial bins, we perform a background/foreground
subtraction. We used photometric redshift uncertainty #z to assign galaxies to the host
cluster, as a result of which we also include background and foreground galaxies with
large redshift uncertainties that are not part of the cluster. To overcome this, we perform
background/foreground subtraction by utilizing galaxies in the cluster-centric radial range
4R500 ↓ 5R500 considering the field, as it is far from the clusters and we also masked all
the clusters up to 2R500 which are having coverage within G9 patch shown in Figure
5.3, to ensure that there is no influence of the cluster galaxies on this field SMFs, we
subtracted this clusters’ coeval field SMF from the earlier calculated cluster galaxy SMFs
of the the inner radial bins to get the final cluster galaxy SMF shown in Figure 5.4. Note
that we calculate the background field SMFs using only those cluster outskirts for which
the cluster galaxy SMF is calculated, while dividing the clusters based on their redshifts,
masses, etc.
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Figure 5.3: Footprint of G9 patch after masking the galaxies within the cluster radius
2R500. The blue-colored region shows (G9) patch galaxies, and cluster positions are
shown with red field circles. Only those clusters are shown in the image that have the
coverage within 5R500.

Figure 5.4 shows the decrease in galaxy density as we move away from the cluster
centre. We see a clear decrease in SMFs in radial bins, and a clear detection of SMF out
to 2R500, after which the cluster SMF is mostly consistent with the background level.
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(a) (b)

Figure 5.4: Fig. 5.4(a) shows the cluster galaxy SMF within the 6 cluster-centric
radial bins before the background subtraction and also shows their coeval field SMF
between 4 ↓ 5R500 with black markers. Fig. 5.4(b) shows the final SMFs after the
background/foreground subtraction. For the entire cluster sample within the redshift bin
(0.385, 0.8).
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Chapter 6

Results and Discussions

Above, we calculated the cluster galaxy SMF for the entire dataset. To quantify the
e”ect of cluster environment on the SMF of cluster galaxies, we further divide the cluster
on the basis of their redshift, mass, luminosity, and their ellipticities. We used a fixed bin
width for stellar masses equal to 0.25 dex for all of these comparisons. For calculating
the cosmological parameters in this work we used %CDM cosmology where $m = 0.3,
$! = 0.7, $b = 0.022/h2

0, ς8 = 0.8, ns = 0.96, and H0 = 70 km s↔1 Mpc↔1.

For the cluster galaxy sample, we used the common sky coverage area of eFEDS
and KV450 we calculated the number of galaxies that should be part of the cluster by
calculating cluster radius R500 and a redshift range z ±#z We have also calculated the
cluster volume only considering the regions where galaxies are present from the created
HEALPix KV450 galaxy map. We have calculated the SMF for cluster galaxies, compared
the SMF within radial bins at the same redshift ranges, and also compared the SMF in
di”erent radial bins at the same redshift range. We compared the SMF of cluster galaxies
by dividing the clusters depending on their total mass and luminosity to see the e”ect of
cluster mass and luminosity on the cluster galaxy SMF.

6.1 Redshift Dependence

To know how the redshift a”ects the galaxy evolution within the clusters, we split
the cluster into two redshift intervals (0.385, 0.5) and (0.5, 0.8), where 0.5 is the median
redshift of the final cluster sample. The stellar mass completeness limits for z = 0.5,
z = 0.8 are 9.2 ↑ 108M↑ and 2.7 ↑ 109M↑ respectively (for the low and high redshift
samples). We show this redshift dependence in the left-hand panel of Figure 6.1, which
shows the cluster galaxy SMF as a function of redshift for di”erent cluster-centric radial
bins.

We find a clear detection of cluster galaxy SMF out to R500 for all the stellar mass
range considered, and the SMF detection start declining as we move to larger cluster-
centric radii upto 2R500 after that there is no detection (data points are consistent with
background levels). The SMF peaks around M→ ↘ 1 ↓ 2 ↑ 1010M↑, a feature that is
particularly prominent in the innermost radial bin 0 ↓ 0.5R500, then the SMF starts to
flatten in larger radial bins. We see a clear decline in the SMF below massesM→ < 1010M↑
at < 0.5R500 for higher redshift bin, which highlights that the low-mass galaxies have low
abundances near cluster centers, likely as such galaxies have low survival as they travel
towards the cluster centers. We only find any di”erences in the SMF as a function of
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redshift in the innermost bin, at low stellar masses (M→ < 1010M↑). The SMF of lower
mass galaxies is higher at lower redshift.

6.2 Cluster mass and luminosity dependence

The X-ray luminosity of a galaxy cluster is a well-studied tracer of the cluster’s total
mass, and the two show a tight scaling relation often used in cosmological studies to
calculate one quantity using the other. The mass-luminosity scaling relation for eFEDS
clusters is shown in equation 3.1 [6]. In this section, we divide the SMF of cluster galaxies
into luminosity (Lbol

500 kpc) and halo mass (M500) bins to study their impact on the stellar
properties. The bolometric luminosity is the amount of energy a source emits in unit time
across all wavelengths. The luminosity used here is the bolometric luminosity in the band
(0.01-100) keV within the 500 kpc radius of the cluster. We used 96 clusters for which
the luminosities were defined by Liu et al. (2022)[21] for luminosity-dependent SMF
calculations, and all 105 clusters are used for mass-dependent SMF. Since the luminosity
and halo mass are correlated with each other by a power law, we see similar trends in the
SMF, and the aim here is to identify which quantity shows a clearer impact on the SMF.
We divide the clusters with respect to their median mass and luminosity of the sample,
which are 1014.55M↑ and 1044erg/s, respectively. The luminosity and mass dependence
of the SMF are shown in the middle (2nd) and right-hand (3rd) panels of Figure 6.1,
respectively.

We find a slightly clearer impact (though minor to draw any strong conclusions) of
luminosity compared to the halo mass on the SMF in the radial bin 0.5R500, after that the
both SMFs for high and low luminosity clusters are mostly consistent in all other radial
bins. The SMF of high mass/luminosity clusters shows a peak around M→ ↘ 2↑ 1010M↑,
whereas the SMF flattens at low stellar masses for the low mass/luminosity clusters in
the innermost radial bin, while the SMF of field galaxies continues to increase at lower
stellar masses shown in Figure 6.2[24]. These results support that the SMF of low stellar
mass galaxies is sensitive to their environment and that the abundances of these galaxies
decline in overdense environments such as galaxy clusters, showing the galaxies grow over
time as they reach the cluster centre.

We further divide the median luminosity dependent cluster sample into two redshift
bins (a total of four bins) to disentangle the e”ect of redshift and cluster mass/luminosity
on the SMF. In this data sample, there are more high mass or high luminosity clusters
in the redshift range (0.5,0.8), approximately twice as many as the low mass clusters. In
contrast, for the redshift range (0.385,0.5), there are more low-mass and less-luminous
clusters, approximately 1.7 times the high-mass clusters. In Figure 6.2, we show only
the results for the innermost radial bin (0↓ 0.5R500), where we find the most interesting
trends. Additionally, we show the background levels, which can be treated as the coeval
field levels(field within 4↓5R500) around the cluster sub-samples. The number of clusters
used to calculate the coeval fields are same as the clusters used in the SMF analysis for
the particular case. We clearly find the di”erence in the shape of the SMF between
the high luminosity/high mass galaxy clusters and the coeval fields. The SMF for low
luminosity clusters is flattened in both the redshift bins, while the cluster SMF shows a
peak around M→ ↘ 2↑1010M↑ compared to the field SMF, which continues to increase at
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Figure 6.1: Left-hand panel: The comparison of the SMF of cluster galaxies in
the redshift bins (0.385, 0.5) and (0.5, 0.8) for six cluster-centric radial bins. Middle
panel: The SMF comparison for the cluster luminosity bins (1043.65, 1044) erg s↔1 and
(1044, 1045.1) erg s↔1 for the entire redshift range (0.385, 0.8). Right-hand panel: The
SMF comparison for the cluster mass bins (1014.27, 1014.55) M↑ and (1014.55, 1015.08) M↑
for the entire redshift range (0.385, 0.8).
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Figure 6.2: The comparison between the luminosity and redshift-dependent SMF of
cluster galaxies within 0.5R500 of the cluster-centric radii and the coeval field galaxy
SMF calculated within the cluster-centric radial bin 4↓ 5R500. The top and the bottom
panels correspond to low (0.385, 0.5) and high (0.5, 0.8) redshift bins, respectively. The
blue triangles and red circles correspond to low (logLbol

500 kpc[erg s
↔1] < 44) and high

(logLbol
500 kpc[erg s

↔1] > 44) luminosity bins, respectively, for both redshift bins. The coeval
field galaxy SMF is shown by black stars in all the panels.

lower stellar masses. These results further highlight that the mass/luminosity dependence
of the SMF is not due to any hidden redshift dependence, and it persists at both redshift
bins considered here. We qualitatively compare our results with Van de Burg et al.
(2019)[31], which is closest to the redshift (z → 0.5↓ 0.7), and the cluster mass (M500 →
3 ↑ 1014 ↓ 1015M↑) ranges to our final eFEDS cluster sample. In their Figure 4, they
show the radial dependence of the cluster galaxy SMF out to 2R500. They do not find any
significant radial dependence, though there is a minor decline in the total SMF (dominated
by the SMF of quiescent galaxies) in the innermost radial bin at M→ < 2↑ 1010M↑ (also
seen in Van der Burg et al.(2013)[30]. We find a stronger decline in the SMF, especially
after dividing the sample into separate mass bins, thus highlighting that this feature is
driven by the more massive end of our cluster sample.

6.3 Dynamical State Dependence

The dynamical state of a galaxy cluster is an indicator of the relaxation and merger
history of the cluster. The stellar properties of the cluster galaxies are therefore connected
to the dynamical state of their host. In this section, we examine the impact of the dynamic
state of eFEDS clusters on the SMF of cluster galaxies. We use the ellipticity(e) of the
cluster as a proxy for the dynamical state of the cluster, where a lower ellipticity refers
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Figure 6.3: The comparison of SMF of cluster galaxies based on the ellipticities of
galaxy clusters within the radial bins up to 2R500. The red circles correspond to the SMF
of 10 clusters with ellipticity(e) e < 0.5, and the blue triangles correspond to the SMF of
clusters with e > 0.5 from our final eFEDS cluster sample.

Figure 6.4: The comparison of SMF of cluster galaxies based on the ellipticities of
galaxy clusters for the radial bins up to 2R500. The red circles correspond to the average
SMF of 10 clusters with the highest ellipticities, and the blue triangles correspond to
the average SMF of 10 clusters with the lowest ellipticities from our final eFEDS cluster
sample.

to a more spherical, more relaxed or stable cluster, and a higher ellipticity means an
elongated, dynamically disturbed or chaotic cluster[12] [22].

We first started with dividing the cluster sample with respect to their ellipticities
and calculated the SMF for the cluster sample with e < 0.5 and e > 0.5 shown in Figure
6.3 we don’t find any di”erence in these ellipticity bins the SMFS are always consistent
in all the bins. So we used the data of 20 clusters, 10 with the least ellipsities in the
range (0.06 < e < 0.97) and the 10 clusters with the highest ellipticity (0.63 < e < 0.97)
from the 105 cluster sample. In Figure 6.4, we show the SMF of cluster galaxies up to
the radial bins 2R500 for ten of the eFEDS clusters with the highest (red circles) and the
lowest ellipticities (blue triangles). We found the di”erence between the high ellipticity
and low ellipticity cluster only in the radial bin 0↓0.5R500, we did not find any significant
di”erences in the SMF as a function of ellipticity beyond 0.5R500, and therefore, we only
discuss results for the innermost bin here. Galaxy clusters with low ellipticities have
higher SMF compared to clusters with high ellipticities. These results indicate that
the dynamic state of the cluster has a direct impact on its stellar population, at least
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near the cluster center. Young galaxy clusters tend to be more dynamical and hence
elliptical compared to the older ones. The trend seen in Figure 6.4 could be tracing the
dynamical age of these clusters with high SMF in older clusters compared to the younger
ones. However, a more definitive assertion would require a detailed examination of the
dynamical state and age of the cluster, beyond a simplistic ellipticity-based categorization,
which falls outside the scope of this study.
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Chapter 7

Conclusions and Scope for Future
Work

7.1 Conclusions

In this work, we have investigated the impact of galaxy clusters on the stellar content
of galaxies by estimating the SMF of cluster galaxies as well as their coeval field as
a function of cluster redshift, mass, luminosity, and the cluster-centric radii. To do
this, we utilize the galaxy cluster sample of 105 clusters from the eFEDS X-ray survey
spanning a redshift range z → 0.385↓0.8 and mass range M500 → 1014.27↓1015.08M↑, after
applying appropriate selection criteria. We use the galaxy sample from KV450, i.e., KiDS
(optical) and VIKING (IR) survey combination, with an approximate overlap of 46 deg2

with eFEDS survey after removing survey area contaminated by bright foreground stars
and incomplete photometry. The stellar masses and photometric redshifts of galaxies are
provided by Wright et al. (2019)[35], where we use photometric redshift uncertainties of
galaxies to select cluster members, We calculated the number of galaxies that should be
part of the cluster by determining the cluster radius R500 and selecting galaxies within
a redshift range z ±#z. We also calculated the cluster volume by only considering the
regions after applying the selection criteria, with the help of the HEALPix KV450 galaxy
map we created.

We construct radially-binned cluster galaxy SMFs out to 4R500, and then divide the
cluster sample into mass, redshift, and luminosity bins to further understand the impact
of cluster properties on galactic evolution. The main findings of this work are summarized
as follows.

• The SMF of the cluster galaxies is detected out to 2R500. It decreases as we move
away from the center of the cluster, and it is consistent with the background level
beyond 2R500 for all the cluster galaxy SMF irrespective of any dependency on
redshift, mass, etc.

• We divide the clusters into two redshift bins (0.385,0.5) and (0.5, 0.8) to determine
the e”ect of redshifts on the SMF. We see the SMF of lower stellar mass (M→ <

1010M↑) galaxies is slightly higher at lower redshifts at r < 0.5R500 beyond which
we do not find any redshift-dependent trends.

• We analyzed the cluster galaxy SMF by dividing the cluster sample based on the
median cluster mass, which is at 1014.55M↑ and the median bolometric luminosity
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at 1044erg/s. The SMF shows a clear peak in the innermost radial bin (0↓0.5R500)
around M→ ↘ 1 ↓ 2 ↑ 1010M↑. This feature is in contrast to the SMF of field
galaxies, which continues to increase at lower masses. On further dissecting the
cluster sample, we find that this trend is driven by the massive (and hence luminous)
galaxy clusters, indicating that the survival rate of low mass galaxies decreases with
increasing cluster mass and decreasing Radial distance from the center of the cluster.

• We used the 10 lowest ellipticity clusters and the 10 highest ellipticity clusters to
determine the e”ect of the dynamical nature of the cluster galaxy SMF. We found
that the SMF of the highest ellipticity clusters is lower than the SMF of the lowest
ellipticity clusters only within 0.5R500. These results point towards a link between
the dynamical age of the clusters and the buildup of stellar content of their galaxies.

We are only able to do this thanks to the large cluster sample from the eFEDS survey
with continuous photometric coverage from the KiDS and VIKING surveys.

7.2 Scope for future work

Our results highlight the influence of dense cluster environment, especially near the
inner cluster region, on the buildup of the overall stellar mass of cluster galaxies. These
results also highlight that it is the lower mass end of the SMF in most massive clusters
that is a”ected significantly (showing the decline in SMF at lower stellar masses). To
further dissect the physical processes responsible for these trends, it would be important to
classify galaxies into various categories, such as the star-forming and quiescent galaxies,
and see how much of the galaxy population in the cluster is quenched and at what
distances from the cluster centre in future studies. To know more about the inside
processes of galaxy clusters, A comparison with large hydrodynamical simulations with a
statistically significant cluster population, such as IllustrisTNG, SIMBA, EAGLE, etc.,
could also provide more insights into the underlying physical processes a”ecting the
cluster galaxy population.
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