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CHAPTER 1

Introduction

This chapter includes excerpts from Alvarez et al. (2018) and Alvarez et al. (2022), used with permission from

the Astrophysical Journal.

1.1 Cosmic Web

Cosmological simulations of the Universe (e.g. Nelson et al., 2019; Heitmann et al., 2021), as well as cosmic

microwave background (CMB) observations (e.g. Bennett et al., 2013; Planck Collaboration et al., 2016)

show that the matter content of the early Universe was relatively homogeneously distributed throughout

space with small temperature and density perturbations (see e.g. Figure 1.1).

As the Universe has evolved through time, the matter condensed further and further, as dictated by the

density perturbations in the infant Universe. The peaks in density in the early universe grew into the nodes of

a web-like structure of cosmological �laments (see e.g. Figure 1.2). Groups of galaxies formed through the

merging of individual galaxies, and subsequently these groups of galaxies merge to form clusters of galaxies,

or the nodes (e.g. Kauffmann et al., 1999). This hierarchical cluster formation is thought to happen along and

at the nodes of the cosmic �laments that comprise the large-scale structure of the Universe.

1.2 Nodes–Galaxy Clusters

Clusters of galaxies are the largest known bound objects in the Universe. Massive galaxy clusters, comprised

of 100s to 1000s of galaxies bound to each other by gravity, in the local Universe, were �rst catalogued

Figure 1.1: All-sky image of the early Universe (Bennett et al., 2013),� 13:77 Gyr ago, in the microwave
band. The temperature �uctuations are indicated by the color scale, and are theorized to have grown into the
nodes of the large-scale structure of our Universe. The image shows a temperature range of� 200mK.
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