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Abstract

Most of the stars in the universe were formed by disk galaxies like our own Milky

Way during an era poetically called “cosmic noon.” This era, occurring t � 3 billion

years after the Big Bang, marked the peak of not only star formation, but also black

hole growth and dust attenuation. The dust that permeates all galaxies absorbs and

scatters the ultraviolet and optical light primarily generated by massive stars, whose

lives are so short that they provide an effectively instantaneous measurement of the

star formation rate. Understanding the formation and evolution of galaxies at cosmic

noon is essential to understanding how the universe appears and acts today—but

the uncertainties imposed by dust are worst during this influential period. Radio

emission is entirely unaffected by dust and is generated by supernova remnants of the

same massive stars emitting primarily in the UV and optical. Radio observations of

star-forming galaxies are therefore a powerful tracer of star formation rate, but it has

not been until the past decade that radio observations have been sensitive enough to

detect Milky Way-like galaxies at cosmic noon. In this dissertation, I calculate and

combine the source counts from the deepest radio continuum image to date with the

local luminosity function of radio sources to model the star formation history of the

universe.

I determined the local luminosity functions for both star-forming galaxies (SFGs)

and active galactic nuclei (AGNs) using N � 10; 000 radio sources from the NRAO

VLA Sky Survey (NVSS) cross-identified with galaxies in the 2MASS Extended

(2MASX) catalog (Chapter 2). The AGNs and SFGs were separated using only

radio and infrared data rather than optical emission-line diagnostics, which are not

good quantitative measures of AGN-powered radio emission. Our sample of radio

sources with log[L1:4 GHz(W Hz�1)] > 19:3 account for > 99% of the total 1.4 GHz

energy density in the nearby universe. The local radio-derived star formation rate

density (SFRD) value of 0:0128M� yr�1 Mpc�3 is consistent with previous models for

the SFRD derived using ultraviolet and infrared data.

In Chapter 3, I present radio source counts across eight decades of flux density
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spanning 0:25�Jy < S < 25 Jy determined from the deepest � = 1:4 GHz radio

continuum image taken by the MeerKAT radio interferometer in South Africa and

the archival NVSS component catalog. With an rms noise � = 0:56�Jy beam�1 and

a resolution of �1=2 = 7:006, the MeerKAT DEEP2 image is confusion-limited, so below

S = 10�Jy I calculated the source counts statistically from the confusion brightness

distribution P (D). Above S = 10�Jy the source counts were measured directly from

the DEEP2 image and the NVSS component catalog.

The evolving energy-density function udex(L� jz) is the comoving energy density of

radiation produced by sources at redshift z having spectral luminosity (W m�2 Hz�1)

L� at frequency �. Simple equations relate the brightness-weighted differential source

counts S2n(S) with udex(L� jz) integrated over all redshifts (Appendix C). Using a

combination of luminosity and density evolution, I developed evolutionary models

(Chapter 4) for SFGs and AGNs that accurately predict the observed source counts

given the local luminosity functions. Through the FIR/radio correlation, the product

of luminosity and density evolution of radio sources is directly related to the total

SFRD evolution  (z), describing how many stars (by mass) were formed per year per

comoving cubic megaparsec. The radio-derived model for SFRD evolution is similar to

previous models based on UV/IR data, but predicts stronger star-formation evolution.

Chapter 5 reviews the main conclusions of this dissertation and discusses future work.
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1

Chapter 1

Introduction

1.1 The Star Formation History of the Universe

The electromagnetic energy and \heavy" elements (anything with an atomic num-

ber greater than that of Helium) in today's universe were forged by the cumulative

star formation activity that came before. When astronomers began measuring how

quickly stars formed at a given time (the star formation rate; SFR)� 7 billion years

ago (a redshift ofz � 1), they found that galaxies had SFRs dramatically greater

than those today at z = 0 (e.g. Songaila et al. 1994; Ellis et al. 1996; Lilly et al.

1996). Astronomers continued this work and began measuring the SFRs of increas-

ingly distant galaxies, �nding that at the beginning of the universe's history, the star

formation rate density (SFRD; the SFR per unit comoving volume) rose rapidly until

it peaked at an age of� 3 billion years and has been exponentially declining ever

since.

1.1.1 Cosmic Dawn

Within the �rst few hundred million years after the big bang (the exact time is still

debated), the universe expanded and cooled down enough to allow dense hydrogen

and helium gas to succumb to gravity and collapse into the �rst population of stars.

These stars coalesced into the �rst galaxies, and somewhere along with them grew the



Figure 1.1 . Graphic representation of the evolutionary eras of the universe adapted
from National Geographic. \Cosmic Dawn" and \Cosmic Noon" are labeled on the
non-linear timeline.

�rst black holes. The exact processes of how the �rst stars, galaxies, and black holes

formed may be unknown, but a quick glance at the nearby universe assures us that

it did indeed happen. As the �rst stars fused hydrogen in their cores, their radiation

ionized the dark, neutral atoms that �lled the universe at that time. This period

is poetically referred to as \cosmic dawn" (labeled in reference to the evolution of

the universe in Figure 1.1). Detecting signatures from this \epoch of reionization"

could inform us on the physical conditions and formation mechanisms behind the �rst

stars, galaxies, and black holes. Unsurprisingly, it is among the hottest pursuits in

modern astronomy, but this thesis focuses on the peak epoch of star formation and

evolution|cosmic noon.

1.1.2 Cosmic Noon

The production rate of stars, galaxies, and black holes rose rapidly after cosmic

dawn until reaching a peak when the universe wast � 3 billion years old (Madau &

Dickinson 2014). Keeping with the theme, this period is known as \cosmic noon."

Approximately half of the stars in our universe (by mass) were formed in the� 3 Gyr

years surrounding cosmic noon when the universe wast = 2 � 5 Gyr years old. During

2




