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Resumen

En esta tesis estudiamos galaxias enanas a z < 0.3 con masas estelares entre

106 y 109 M�, a partir de una muestra de 132 galaxias del campo GOODS-N de

CANDELS [8,9].

Nuestro objetivo es estudiar las galaxias enanas, su morfología y parámetros físicos

para construir un catálogo y extender el límite inferior de la secuencia principal

de formación estelar. Para ello, presentamos las relaciones entre la masa estelar

y el tamaño de las galaxias usando el radio Petrosiano. Además, estudiamos las

relaciones entre la masa estelar y la tasa de formación estelar, así como también la

tasa de formación estelar especí�ca.
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Abstract

In this work, we study dwarf galaxies at z < 0.3 with stellar masses in a range of

106 and 109 M�, using a sample of 132 galaxies obtained from the GOODS-N �eld

of CANDELS [8,9].

The main goals of these project are to classify the morphology of dwarf galaxies,

build a catalog with its physical parameters and �nally make an extension of the

lower limit of the main sequence of star formation. We present the relations between

the stellar mass and the size of the galaxies using the Petrosian radius. Besides, we

study the relations between the stellar mass, the star formation rate and speci�c star

formation rate.
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Chapter 1

Introduction

One of the most signi�cant challenges of modern astrophysics is the understand-

ing of how galaxies form and evolve. To face this problem, several theoretical models

have been carried out assuming a Λ-CDM cosmology, where the hierarchical gravita-

tional growth of the dark matter halos traces the large-scale structure of the observed

baryonic matter. However, in the scale of galaxies, their evolution is controlled by

non-linear and dissipative processes that are complex and unpredictable by theory.

For such reason, it is necessary to observe di�erent types of galaxies and clusters of

galaxies to di�erent redshifts, to allow the development of semi-analytical models of

formation and evolution of galaxies. In this context, morphology plays an essential

role in understanding galaxy formation and evolution, speci�cally correlating with

the fundamental parameters such as color, luminosity, size, surface brightness, and

star formation rate (SFR) [10�16]. Besides, the morphology of observed galaxies from

the deep Hubble Space Telescope (HST) survey di�ers from that of the traditional

Hubble scheme classi�ed by local massive galaxies. High-redshift galaxies are dom-

inated by irregular, peculiar, and merging galaxies, whereas the majority of nearby

galaxies are in the form of elliptical and spiral galaxies [17�26]. On the other hand,

to know the size of galaxies can help us to elucidate the history of galaxy formation

and evolution. The change of size and stellar-mass relations over cosmic time would

pose strong constraints on models of galaxy evolution. The observational relations

between galaxy size and stellar mass have been studied in the local universe, based

on the Sloan Digital Sky Survey (SDSS; [27, 28]. One other signi�cant relation is

1
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the called Star Formation Main Sequence (SFMS), which is a linear relation between

the star formation rate and the stellar mass of star-forming galaxies. Star - forming

galaxies have been studied for z 6 1 [5, 29, 30] and in di�erent wavelengths, such as

optical [31], infrared [32] and radio observations [33]. The tightness of the SFMS

and the fact that most star-forming galaxies lie on it imply that the bulk of the star

formation in the Universe occurs in a quasi-steady state [34]. Galaxies above the

SFMS are called starbursts and which may or may not be merger-induced. All of

these studies are limited to galaxies with stellar masses above the dwarf galaxy range

109 M�.

Moreover, these studies have employed a range of di�erent observing strategies to

sample the galaxy populations as thoroughly as possible: e.g. [5�7, 33�44]. Massive

galaxies have been well studied up to high redshift, but the information about the

formation and evolution of galaxies at lower mass tail remain unclear. Therefore, if

we want to understand the whole picture of galaxy formation is necessary to study

the same properties of massive galaxies but now, for galaxies between 107M� and

109M�. In this thesis, we aim to study the UV morphology of the galaxies at z < 0.3

and Absolute magnitude B> −18. As the UV emission mainly trace star-forming, we

hope the UV morphology of those galaxies can help us to understand more about star

formation history (SFH) or the stellar mass building history. We select 132 objects

from GOODS-North of CANDELS at z < 0.3 with stellar masses between 107 M�

and 109 M�, we analyze their physical parameters, morphology, and make a catalog

with them. Finally, this analysis lets us extend the current tail of mass-size relation

and mass-SFR relation. This thesis is organized as follow: in chapter 2, we present

a review of galaxy formation and evolution and the main physical and cosmographic

parameters. In chapter 3, the selection of the sample and the used constraints are

detailed. In chapter 4, the catalog and the results about the relations between size,

SFR and stellar mass of the galaxies. Finally, we present the conclusions in chapter

5. We assume a cosmology of (H0,ΩM,ΩΛ) = (70 km s−1Mpc−1, 0.3, 0.7).



Chapter 2

Review of galaxy formation and

evolution

The study of galaxy formation and evolution is related with the processes that

formed a heterogeneous Universe from a homogeneous beginning, the formation of

the �rst galaxies, how these galaxies change over time, and the processes that have

generated the structures observed in nearby galaxies. Most of the visible matter in

the Universe is concentrated in galaxies, which are the basic astronomical ecosystems

in which stars are born, evolve, and die. The structural properties of galaxies and

their distribution in space are determined primarily by the processes of galaxy forma-

tion. Other features such as the stellar and gas content of galaxies and their evolution

with time depending mainly on the processes of formation and stellar evolution. So,

for understanding the origin of the observed properties and their correlations must

be considered the processes of galaxy formation and evolution. In this chapter, the

overview of galaxies, their possible formation scenarios, the Hubble classi�cation,

their physical properties, and the main galaxy Surveys that helped to develop this

thesis are detailed.
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2.1 Galaxies

A galaxy consists of hundreds of millions or billions of stars, it can contain con-

siderable quantities of interstellar gas and dust and can be subject to environmental

in�uences through interactions with other galaxies and the intergalactic gas. Star

formation takes place in dense regions of the interstellar gas. Also, dark matter, of

nature unknown, dominate the dynamics of galaxies and clusters of galaxies. The

two main types of galaxies are spirals (like the Milky Way) and elliptical galaxies.

Besides, there are additional classes such as active galaxies, starburst galaxies, S0

galaxies, irregular and dwarf galaxies with signi�cant amounts of gas. In addition to

these dwarf galaxies, there is a class brighter whose morphology neither resembles a

disk nor a smooth ellipsoid. These are called peculiar galaxies and include double

or multiple sub-components linked by a �lamentous structure and highly distorted

with extended tails are usually associated with recent mergers or tidal interactions.

Although peculiar galaxies only constitute a small fraction of the entire galaxy pop-

ulation, their existence conveys important information about how galaxies may have

changed their morphologies during their evolutionary history. All these classes di�er

not only in their morphology, which forms the basis for their classi�cation but also in

their physical properties such as color (indicating a di�erent stellar content), internal

reddening (depending on their dust content), amount of interstellar gas, SFR, etc.

Galaxies of di�erent morphologies have evolved in di�erent ways.
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2.2 Galaxy formation scenarios

Two main theories of galaxy formation and evolution have been proposed. The

classical, monolithic or "top-down" model suggests that galaxies form and evolve

as isolated bodies in a single, rapid collapse of gas and dark matter, during which

virtually all the gas was turned quickly into stars. In this scenario, galaxies evolve of

a predetermined fashion dependent on the initial conditions and with little impact

from the environment.

Figure 2.1: Leading models of galaxy evolution: Monolithic collapse model (left).
Hierarchical model (right). Blue: dark halo, yellow: gas, red: stars. Source: [45].

The hierarchical or �bottom-up� model proposes that giant ellipticals form mostly

through mergers of smaller galaxies that have already converted some of their gas

into stars and their fate is more dependent on the environment which they inhabit.

Each scenario of formation requires a particular type of dark matter that makes up

a signi�cant part of the Universe not visible to our instruments. These types of dark

matter correspond to hot dark matter and cold dark matter.
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Hot dark matter is composed of relativistic particles (e.g. neutrinos), so erases

small-scale density �uctuations resulting in "top-down" formation of structure. Cold

dark matter is composed of non-relativistic particles (e.g. axions or WIMPS), so

density �uctuations at all scales survive, resulting in hierarchical structure formation.

Cold dark matter is non-baryonic, unlike normal baryonic matter, with which it does

not interact except by gravity. This component consists of the energy density of

the current Universe. The observational evidence over time has demonstrated both

present theories shortcomings.

2.2.1 Λ - CDM cosmological model

The Λ-CDM cosmological model is a hierarchical model which considers that

galaxies form inside dark matter (DM) haloes. The cosmological constant is de-

scribed in terms of ΩΛ that correspond to the energy density ratio of a �at Universe.

Figure 2.2: Λ-CDM cosmological model: a representation of the evolution of the
Universe over 13.7 billion years. Source: NASA / WMAP Science Team.

In this model, larger DM haloes form through the merging of smaller DM haloes,

a process which is driven by gravitational forces. These more minor DM haloes

originate from �uctuations of the primordial density �eld and are ampli�ed by the

e�ect of gravity.
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With the evolution of matter over time, these haloes eventually, transform into the

known structures that we can observe today. High-resolution numerical simulations

have been performed to study how matter evolves in the Universe according to the Λ

- CDM model. Example of these are the Millennium simulations [46] and the Milky

Way [47].

Figure 2.3: The Millennium simulations. This picture shows the dark matter dis-
tribution in the Universe at the present time, based on the Millennium Simulation,
one of the largest N-body simulation carried out so far (more than 1010 particles).
Source: [46].

A large number of observed objects, the measurements of the anisotropic mi-

crowave background radiation [48], and the detection of supernovae (SNe) of type

Ia in distant galaxies [49�51] have signi�cantly improved our understanding of the

Universe. It is now widely accepted that the Universe is �at, with the cosmological

parameters approximately given by: the Hubble constant H0 = h100 [km s−1 Mpc−1]

with h = 0.72 , the baryonic mass fraction Ωb h2 = 0.0227 and the total mass fraction

Ωm h2 = 0.133 [52].



8

A problem related to the Λ-CDM model is that it predicts that the number

of dwarf galaxies orbiting the Milky Way is larger than the number of observed

galaxies [47, 53], even if we consider the recent observations of SDSS (Sloan Digital

Sky Survey) between 2006 and 2007 through which the number of known dwarf

galaxies doubled [54�58]. A possible explanation is found in [59], where they combine

a dynamical model for the CDM sub-halo populations.

2.3 Galaxy morphology

The study of properties of galaxies is essential to develop a classi�cation into

morphology types because it shows di�erent astrophysical properties and re�ecting

the various histories of formation and evolution of galaxies [60]. The �rst typically

used method for studying galaxies morphology consists to visually look at individual

galaxies and classify them into a previously established system. The second method

is to quantify how a galaxy's light distribution changes from the center to its edge. If

it is very concentrated in the center can be an elliptical galaxy and if it is extended

can be a disk galaxy. The third technique consists of quantifying how asymmetric a

galaxy is, rotating an image by 180 degrees and subtracting it from the original. The

result indicates how asymmetric it is. This method is commonly used to identify

galaxy mergers since they are typically irregular systems. Several attempts have

been proposed for automated classi�cation of morphologies [10, 61�63], but visual

classi�cation still serves as the most reliable method when we adopt the Hubble

classi�cation [64] for galaxies with large apparent sizes.

2.4 Hubble Sequence

In 1936, Edwin Hubble de�ned the "Hubble Sequence of Galaxies", described

in Hubble's monograph The "Realm of the Nebulae" [65]. This Hubble sequence

sometimes referred to as a tuning-fork diagram, arranges galaxies into a continuous

sequence with elliptical galaxies at the left-hand end and spirals at the right-hand

end.
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The spiral galaxies are ordered into two branches named normal and barred

spirals. Conventionally, galaxies of the left-hand end of the sequence are referred to

as early-type galaxies and of the right-hand end as late-type galaxies. Spiral galaxies

(late-type galaxies) are systems in which star formation is active.

The S0 galaxies, of intermediate type, show a disk similar to that of spiral galaxies

but they consist mainly of old stars, i.e., stars of low mass and low temperature.

Figure 2.4: Hubble sequence of galaxies. Source: Barbra Shelton.

On the other hand, elliptical galaxies (early-type galaxies) are systems in which

star formation �nished a long time ago, so present mainly old stars. The majority

of galaxies can be accommodated within the revised Hubble Sequence of galaxies,

which is described in detail by [66�70]. Van den Bergh emphasized that the classical

Hubble types refer primarily to intrinsically luminous galaxies and that, besides,

there exists a large population of intrinsically low luminosity dwarf galaxies which

can only be observed relatively nearby. The important aspect of the Hubble sequence

is that many intrinsic properties of galaxies, such as luminosity, color and gas content,

change systematically along this sequence and is probably disks and ellipsoids have

very di�erent formation mechanisms.
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Therefore, the morphology of a galaxy, or its location along the Hubble sequence,

is directly related to its formation history. Besides of visible matter, the galaxies

contain a large amount of dark matter. However, we can only get rough estimates of

the extent of its halo, although there are strong indications that it is substantially

larger than the extent of the visual matter. Next, we present the main types of

galaxies of the Hubble Sequence.

2.4.1 Elliptical galaxies

Elliptical galaxies have very little gas and dust, so are formed by old stars (Pop-

ulation II stars) and have smooth light distributions, where the isophotes, lines of

constant surface brightness, have elliptical shapes.

Figure 2.5: Elliptical galaxy IC 2006. Source: Hubble Space Telescope.

These galaxies are classi�ed according to its ellipticity that is denoted as En,

where n = 10(1 − b
a
), and a and b are the semi-major and semi-minor axis of the

ellipse respectively. Thus, a galaxy with ellipticity E0 is round, and with E7 is

�attened. A 3D ellipsoidal shape, with semi-axes a, b and c (ordered as a ≥ b ≥ c),

is called oblate when a = b > c (a pancake), prolate when a > b = c (a cigar), and

tri-axial when a > b > c (a squashed American football ball). Elliptical galaxies

have not current star formation.
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Besides, these are preferentially produced in clusters of many ellipticals and have

little evidence for rotation, so the stars must have large random motions to keep the

system from collapsing (also called a hot stellar system).

2.4.2 Spiral Galaxies

Spiral galaxies have three main components: bulge, disk and halo. The bulge is

a spherical structure that is located in the center of the galaxy and mostly contains

old stars. In the disk is formed the spiral arms that contain dust, gas and young

stars. The halo is a spherical structure located around the bulge and some disks.

It contains old star clusters, known as globular clusters. Its diameter (measured on

the extent of the starlight) is between 10 and 50 kpc. Spiral galaxies are classi�ed

Figure 2.6: Spiral galaxy: a face-on view of a disk galaxy with spiral arms, bar and
bulge. Source: Jakub Schwarzmeier.

into two groups, normal and barred. The �rst group is designated by S or SA and

the second group by SB. In the normal spirals, the arms originate directly from the

nucleus, while in the spirals with bars the arms emerge of a bar of material that

crosses the nucleus. These two types are assigned a classi�cation according to the

narrowness with which they wrap their arms.
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The classi�cations are a, b, c and d. Letter "a" indicate tighter arms, are usually

not well de�ned and form an almost circular pattern. If the classi�cation of a galaxy

presents two lowercase letters, it means that the tension of the spiral structure is

halfway between these two letters.

Figure 2.7: Normal spiral galaxy NGC 4321. Source: Hubble Space Telescope.

Figure 2.8: Barred spiral galaxy NGC 1365. Source: SSRO/PROMPT and
NOAO/AURA/NSF.
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2.4.3 Lenticular galaxies

Galaxies with smooth light distributions and axial ratios b/a < 0.3 show evidence

of a disk-like component and these are called lenticular (lens-like) or S0 galaxies.

They di�er from ellipticals because they have a bulge and a thin disk, but are di�erent

from spirals because they have no spiral structure. The lenticular galaxies appear

intermediate in morphological type between elliptical and spiral galaxies.

Figure 2.9: NGC 2787: the SB0 or lenticular galaxy NGC 2787. Source: NASA,
ESA and the Hubble Heritage Team (STScI/AURA).

Just like spiral galaxies, some lenticular galaxies have a bar. They are called

barred lenticular galaxies and are denoted SB0. Normal lenticular galaxies are de-

noted S0.
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2.4.4 Irregular Galaxies

In Hubble's original classi�cation, irregular galaxies were systems �lacking both

dominating nuclei and rotational symmetry�and the class included everything which

could not be readily incorporated into the standard Hubble sequence. Many of these

irregulars were similar to neighbor galaxies of our own Galaxy as Magellanic Clouds,

and these were designated Irr I or Magellanic irregulars. Galaxies such as M82,

NGC 520 and NGC 3077, in which there was no evidence of resolution into stars,

were classi�ed Irr II galaxies.

Figure 2.10: Magellanic clouds: the Large and Small Magellanic Clouds (the LMC
and SMC, respectively) are classi�ed as irregular dwarf galaxies. Source: ESO/S.
Brunier.



15

2.5 Fundamental parameters

The important observational properties of galaxies are color, internal reddening,

amount of interstellar gas, SFR, SFH and stellar mass. The studies about the re-

lation between SFR, stellar mass and size of the galaxies are presented. Besides,

cosmographic parameters as redshift, angular diameter distance, luminosity distance

and K-correction are described.

2.5.1 Stellar mass and size

The scale size of galaxies is one of the fundamental parameters to study the

history of galaxy formation and evolution. Many studies have investigated sizes of

massive galaxies at a higher redshift using rest-frame optical bands, which presum-

ably trace the distribution of stellar mass (M∗ & 1010 M�). Besides, [71] studied

the stellar mass and size relation in late-type galaxies at 0.2 < z < 1 and [72, 73]

in early- type galaxies. For other hand, [74] and [75] gave size-mass relations in

massive galaxies (M∗ & 1010.5 [M�]) at z ∼ 1.5, while [76] studied the relation with

large samples of galaxies at z . 2. For higher redshifts z ∼ 3, size-mass relations

have been obtained for galaxies with M∗ & 1010 [M�] [77�79]. Many studies have

corroborated that massive galaxies at high redshifts were much smaller than local

galaxies with comparable mass [23, 74, 79�92]. At a �xed stellar mass, spheroidal

galaxies were signi�cantly more compact at high redshift and evolved with a rapid

increase of the e�ective radius by a factor ∼ 4 or even larger from z ∼ 2 [85,90] and

by a factor ∼ 2 from z ∼ 1 [73, 93]. The �ndings demonstrate that massive galaxies

have increased their size dramatically since z ∼ 3 of a di�erent manner from the

evolution of less massive galaxies. However, other studies have reached contradic-

tory conclusions. There is signi�cant disagreement between the results of di�erent

investigations. [71] found weak or no evolution in the relation between stellar mass

and e�ective disk size for galaxies with M∗ > 1010 [M�] since z ∼ 1. Very deep

observations e.g., [23, 91, 94] or stacking methods to enhance the faint envelope of

galaxies e.g., [84, 86,88,93] have claimed that it is not the case.
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For studying galaxies of low surface brightness or galaxies which are dimmed due

to the cosmological expansion at high redshift to measure the radius at the faint

outskirt of galaxies, the depth is crucial.

Petrosian Radius

Since the galaxies have not the same brightness pro�le of radial surface nor de�ned

edges, is di�cult to measure their �ux. To overcome this problem, SDSS has adopted

a modi�ed form of the [95] system, which measures the �uxes of galaxies within a

circular aperture whose radius is de�ned by the shape of the azimuthally averaged

light pro�le. Petrosian ratio RP is de�ned as a radius r from the center of an object

to be the ratio of the local surface brightness in an annulus at r to the mean surface

brightness within r, as described by [96,97],

RP (r) =

∫ 1.25r

0.8r
dr′2πr′I(r′)/[π(1.252 − 0.82)r2]∫ r

0
dr′2πr′I(r′/πr2)

, (2.1)

where I(r) is the azimuthally averaged surface brightness pro�le.

The Petrosian radius rP is de�ned as the radius at which RP (rP ) equals some speci-

�ed limit value RP,lim, set to 0.2, 0.5 or 0.9 in our case. The solution of the following

equation represent Petrosian radius,

I(RP ) = η

∫ RP
0

I(r)2πrdr

πRP
2

, (2.2)

where the integral represents the sum of the intensity of light in a circular aperture of

radius rP , the denominator is the area of the aperture and the result of the division

is the uniform super�cial density of intensity for the circular aperture.

Since the observed intensity coincides with calculated uniform intensity, the Pet-

rosian radius is designed to measure a constant fraction of the total light independent

of the surface brightness limit. Petrosian ratio is a good way to get a sample of ir-

regulars galaxies or some galaxies we don't know if are regulars because this method

allows measuring a constant fraction of the total light, regardless of the position and

distance of the object.
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2.5.2 Stellar mass and SFR

The SFR and stellar mass are the main parameters estimated from large samples

of galaxies. The SFR is the total mass of stars formed per year, often given as solar

masses per year. This parameter also is symbolized by Ṁ∗, often with units of solar

mass per year or solar mass per million years, and its meaning depends on how much

averaging over time and space is involved. Numerous works found a tight relation

between the SFR and stellar mass both at low and high redshift, often called the

Main Sequence (MS) of galaxies [34, 98]. The slope and the scatter of this relation,

as well as its evolution with redshift, put constraints on the SFH of the galaxies as

a function of their mass: the galaxies located on this MS may experience a rather

smooth star formation evolution during several Gyr and the starburst mode seems to

play a minor role in the production of stars [98]. Major progress has been made in the

measure of the SFR inside the disk of nearby galaxies, with a strong relation found

between the SFR and the molecular gas content [99], and measurements of the star

formation e�ciency in galaxies are now possible up to large redshifts [100]. Besides,

these studies aimed at understanding the process of star formation, the global amount

of star in the Universe is measured by building statistical samples, with observables

related to the recent star formation [101]. To understand the relation between the

star formation and stellar mass, one simple method is to compare the ultraviolet

(UV) and Near-infrared (NIR) bands images under a similar resolution. The UV

image shows the hint of the star formation morphology while the NIR image can be

used to trace the stellar mass distribution. SFR is a key parameter to understand

galaxy formation and evolution due to its fundamental relation with the stellar mass

and the gas reservoir on which our understanding of galaxy formation and evolution is

based. Yet, despite its considerable importance, measuring star formation accurately

remains di�cult [1].
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Star Formation History

One of the key assumptions to measure the SFR of a galaxy is its SFH. The

SFH is how stars formed over time and space, whether in short bursts or over longer

periods. Most classical estimators are based on the assumption of a constant SFR

over a period of 100 [Myr] e.g. [102].

If this assumption may seem reasonable for low redshift spiral galaxies evolving

secularly, it is unlikely to hold true for interacting systems or at higher redshift

where the SFR necessarily varies on timescales that can be similar or shorter than

100 [Myr]. With the increasing availability of observations spanning a broad range

of wavelengths, one possibility to waive the assumption on the SFH is to carry out

multi-wavelengths spectral energy distribution (SED) modeling. The SFH can then

be left as a free parameter to compute the SFR,

Exponential tau Model SFH(t) ∝ e
−t
τ (2.3)

Delayed tau Model SFR(t) ∝ te
−t
τ (2.4)

Constant Model SFH(t) = Constant, (2.5)

Unfortunately, the SFH is degenerate with other parameters such as the attenuation.

For instance, a galaxy can exhibit a red UV slope because it is dusty and actively

forming stars, or because it is not forming stars anymore. If multi-wavelengths data

partly alleviate this problem when UV and IR (infrared) data are simultaneously

available, the SFH still remains poorly constrained.

2.5.3 Stellar mass and SSFR

In recent years, it also has become common to compare galaxies in terms of their

SFR per unit galaxy mass, or Speci�c Star Formation Rate (SSFR).

SSFR is represented by,

SSFR[yr−1] =
SFR[M�/yr]

M∗[M�]
. (2.6)
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In [103] investigated the SSFR (SFR per unit galaxy stellar mass) as a function

of galaxy stellar mass and redshift and they found that, at all redshifts, the SSFR

decreases as stellar mass increases. This indicates a higher contribution of SF to

the growth of low-mass galaxies since z = 1.5 and suggests that high mass galaxies

formed the bulk of their stellar content earlier than z = 1. Besides, in [7] con�rm

that the mass-SFR relation has a slope close to unity (see also [5, 6, 33,38,104]).

Such a slope can be obtained by �tting either the entire star-forming galaxies

(SFG) sample dominated by low-mass ones or the mean/median SFRs at given stellar

masses. Is important noting that the slope is sensitive to the sample selection. A

slope of unity for the mass�SFR relation means that SFGs of di�erent stellar masses

have a nearly constant SSFR in the population average sense. Together with the fact

that the slope of the mass�SFR relation does not change much from z ∼ 2 to the

present day [33], this supports the picture that star formation in SFGs is generally

driven by gas accretion from a gradually decreasing gas reservoir in galaxy halos

from high to low redshift [105,106].

2.6 Cosmographic Parameters

We provide detailed information regarding the cosmological parameters that we

use during the development of this thesis, using as reference [107].

2.6.1 Redshift

The redshift z of an object is the fractional Doppler shift of its emitted light

resulting from radial motion,

z ≡ νe
νo
− 1 =

λo
λe
− 1, (2.7)

where νo and λo are the observed frequency and wavelength, νe and λe are the

emitted. In special relativity, redshift is related to radial velocity v by

1 + z =

√
1 + v/c

1− v/c
, (2.8)

where c is the speed of light.
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Spectroscopic and photometric redshift

Spectroscopy measures the spectrum of electromagnetic radiation, including

visible light and radio, which radiates from stars and other celestial objects.

A stellar spectrum can reveal properties of stars, such as their chemical compo-

sition, temperature, density, mass, distance, luminosity and relative motion using

Doppler shift measurements. The process to get a stellar spectrum consists in pass

the light through a dispersive element and then record the dispersed light. Thus,

we have a record of the intensity of the light as a function of wavelength. The main

advantage is that we can record the light of one or more objects over a very wide

wavelength range, have excellent �ne discrimination between di�erent wavelengths

and look for individual spectral features. The disadvantage is that spread the light

from the source thinly over the detector and it can be di�cult to get spectra of

many sources in one go (maybe 10 s to 100 s if it uses multi-slit of multi-�bre spec-

trographs). To get a redshift from a spectrum, it must try to do match the positions

of known spectral features and measure the wavelength shift from the rest-frame.

Photometry consists in measuring the �ux or intensity of electromagnetic radia-

tion of an object. Typically, photometric measurements of multiple objects obtained

through two �lters are plotted on a color-magnitude diagram. The process consist in

record images of interest sources where the light is allowed to pass through colored

�lters. The only wavelength information we have is the intensity of light admitted

through the �lter (and also modi�ed by the detector response). The main advantage

is that the light from a source over our �lter band is concentrated on a spot in the

detector, giving better signal-to-noise ratios. We also get data for as many sources

are in the image. The disadvantage is that the e�ective wavelength resolution is

only as good as how narrow the �lter band-passes are. It loses the ability to see indi-

vidual spectral features. Estimating a redshift from Photometry needs images taken

through several �lters and the spectral energy distributions SED (the crude intensity

vs wavelength relation de�ned by the few photometric brightness measurements) are

matched with those predicted from a library of model galaxies redshifted by di�er-
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ent amounts. The detectors used for both techniques is usually a CCD camera. So

what di�ers is what is in the instrument prior to the CCD. For spectroscopy, it is a

dispersive element, for Photometry a colored �lter. Albeit is less accurate than spec-

troscopy, photometric redshifts provide a way to estimate distances of galaxies too

faint for spectroscopy or samples too large for complete spectroscopic coverage. The

photometric redshift technique is usually divided into two groups, template �tting

and empirical �tting. Template �tting technique derives the photometric redshift by

minimizing the value χ2 when comparing an observed SED with the SED computed

from a template library that includes spectral-energy distributions for a variety of

galaxy types (representing di�erent redshifts, SFH, chemical abundance and mix-

tures of dust and stars). Empirical technique uses a training set of galaxies with

known spectroscopic redshifts to derive a relation between observed Photometry and

redshifts. Photometry redshift accuracy for the low redshift galaxies are not as good

as the photometric redshift at higher redshift [108].

2.6.2 Angular diameter distance

The angular diameter distance DA is de�ned as the ratio of an object's physical

transverse size to its angular size (in radians). It is used to convert angular sepa-

rations in telescope images into proper separations at the source. Angular diameter

distance is related to the transverse co-moving distance by

DA =
DM

1 + z
(2.9)

where DM is comoving distance, de�ned as the ratio of the actual transverse velocity

(in distance over time) of an object to its proper motion (in radians per unit time)

[109�111].

2.6.3 Luminosity distance

The luminosity distance DL is de�ned by the relationship between bolometric

(i.e, integrated over all frequencies) �ux S and bolometric luminosity L,

DL ≡
√

L

4πS
. (2.10)
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It turns out that this is related to the transverse comoving distance and angular

diameter distance by

DL = (1 + z)DM = (1 + z)2DA (2.11)

[109, 110]. The latter relation follows from the fact that the surface brightness of a

receding object is reduced by a factor (1 + z)−4, and the angular area goes down as

D−2
A .

If use di�erential �ux Sν and luminosity Lν , then k-correction, must be applied to the

�ux or luminosity because the redshifted object is emitting �ux in a di�erent band

than that in which we are observing. The k-correction depends on the spectrum

of the object in question and is unnecessary only if the object has spectrum νLν =

constant. For any other spectrum, the di�erential �ux Sν is related to the di�erential

luminosity Lν by

Sν = (1 + z)
L(1+z)ν

Lν
(2.12)

where z is the redshift. The ratio of luminosities equalizes the di�erence in �ux

between the observed and emitted bands, and the factor of (1 + z) accounts for the

redshifting of the bandwidth.

2.6.4 K correction

The K corrections for galaxies of di�erent morphological types are necessary to

interpret the magnitude-redshift relation, the luminosity function of galaxies and for

most of the spectrophotometric studies of distant objects. The K correction is de�ned

as the corrective term that needs to be applied to the observed magnitude in a certain

band due to the e�ect of redshift. In other words, the transformations between

observed and rest-frame broad-band photometric measurements involve terms known

as �K corrections� [112, 113]. In [114], they consider a source observed at redshift z,

meaning that a photon observed to have frequency νo was emitted by the source at

frequency νe with

νe = (1 + z)νe. (2.13)
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The apparent �ux of the source is imagined to be measured through a �nite

observed-frame band-pass R and the intrinsic luminosity is imagined to be measured

through a �nite emitted-frame band-pass Q. The K correction is used in relating

these two quantities. If we consider a source observed have apparent magnitude mR

when observed through photometric band-pass R and one wishes to know its absolute

magnitude MQ in emitted-frame band-pass Q, the K correction KQR for this source

is de�ned by

mR = MQ +DM +KQR (2.14)

where DM is the distance modulus, de�ned by

DM = 5 log10

(
DL

10[pc]

)
(2.15)

and DL is the luminosity distance [114]. The apparent magnitude mR of the source

is related to its spectral density of �ux fν (ν) (energy per unit time per unit area

per unit frequency) by

mR = −2.5 log10

[ ∫
dνo
νo
fν(νo)R(νo)∫

dνo
νo
gRν (νo)R(νo)

]
(2.16)

where the integrals are over the observed frequencies νo. gRν (ν) is the spectral density

of �ux for the zero-magnitude or "standard" source that, in our case, we considered

for AB magnitudes [115], a hypothetical constant source with gABν (ν) = 3631 [Jy]

(where 1 [Jy] = 10 −26 [W m −2 Hz −1] = 10 −23 [erg cm −2 s −1 Hz −1]) at all

frequencies ν. Because the detector is a photon counter, like a CCD, R(ν) is just the

probability that a photon of frequency νo gets counted. The absolute magnitudeMQ

is de�ned to be the apparent magnitude that the source would have if it were 10 [pc]

away, at rest (i.e., not redshifted), and compact. It is related to the spectral density

of the luminosity Lν(ν) (energy per unit time per unit frequency) of the source by

MQ = −2.5 log10

[∫
dνe
νe

Lν(νe)
4π(10 [pc])2

Q(νe)∫
dνe
νe
gQν (νe)Q(νe)

]
(2.17)

where the integrals are over emitted (i.e., rest-frame) frequencies νe, DL is the lumi-

nosity distance and Q(ν) is the equivalent of R(ν) but for the band-pass Q.
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If the source is at redshift z, then its luminosity is related to its �ux by

Lν(νe) =
4πD2

L

1 + z
fν(νo), (2.18)

νe = [1 + z]νe. (2.19)

K correction emitted-frame luminosity Lν(νe) is represented by,

KQR = −2.5 log10

[
[1 + z]

∫
dνo
νo
Lν([1 + z]νo)R(νo)

∫
dνe
νe
gQν (νe)Q(νe)∫

dνo
νo
gQν (νo)Q(νo)

∫
dνe
νe
Lν(νe)Q(νe)

]
. (2.20)

All the last calculations were performed in frequency units. For get it in wave-

length units, the spectral density of �ux fν(ν) per unit frequency should be replaced

with the spectral density of �ux fλ(λ) per unit wavelength using

νfν(ν) = λfλ(λ), (2.21)

λν = c (2.22)

where c is the speed of light.
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2.7 Surveys

2.7.1 Cosmic Assembly Near-IR Deep Extragalactic Legacy

Survey

The CANDELS [8, 9] is designed to document the �rst third of galactic evolu-

tion from redshift = 8 to 1.5 via deep imaging of more than 250,000 galaxies with

WFC3/IR and ACS. It will also �nd the �rst Type Ia SNe beyond redshift > 1.5

and establish their accuracy as standard candles for cosmology. Five premier multi-

wavelength sky regions are selected; each has multi-wavelength data from Spitzer

and other facilities and has extensive spectroscopy of the brighter galaxies. The use

of �ve widely separated �elds mitigates cosmic variance and yields complete samples

of galaxies down to 109 solar masses out to redshift ∼ 8.

Description

The CANDELS survey consists of a two-tier Deep+Wide survey designed. The

CANDELS Deep portion covers∼125 [arcmin2] to∼10-orbit depth within the GOODS-
N and GOODS-S �elds [116], including the E-CDFS [117] as well as the WFC3 ERS2

�eld [118]. The full area of the CANDELS survey covers a total lower Wide portion

to ∼2-orbit depth around the Deep portions of ∼800 [arcmin2], where the additional

area includes the shallower Wide portion to ∼2-orbit depth around the Deep portions
of GOODS, together with subsections of three additional �elds, namely EGS [119],

COSMOS [120,121] and UKIDSS UDS [122,123].

All �ve �elds have extensive catalogs that can serve as astrometric and photomet-

ric reference standards as well as being combined with the catalogs from new HST

data to obtain derived measurements of source properties as photometric redshifts,

stellar masses and SFHs.
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GOODS-N

The GOODS-N �eld is located near the northern Hubble Deep Field [124] and like

its southern counterpart has been extensively observed by NASA's Great Observato-

ries. The �eld is centered at α(J2000) = 12h 36m 55s and δ(J2000) = +62° 14m 15s.

The GOODS region of the �eld has been imaged in the optical with Hubble/ACS in

the B, V, i, and z bands as part of the GOODS Hubble Treasury Program.

Figure 2.11: GOODS-N �eld. Source: [9].

Filters and Exposure Times

The GOODS-N �eld contains the Deep portions of the CANDELS survey, with

a total depth of at least 4 orbits in both WFC3/IR F125W and F160W and 3 orbits

in F105W, spread across 10 epochs. Each single-orbit pointing, for each epoch, con-

tains four WFC3/IR exposures (two F125W and two F160W) and one WFC3/UVIS
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(F350LP). In parallel, it also obtains �ve ACS/WFC exposures, where the primary

requirement is to obtain at least 32,000 [s] depth in F814W. Then, next ACS/WFC

priorities are ∼2500 [s] of F850LP, followed by ∼5000 [s] in F606W and �nally, any

remaining depth is placed back into F814W.

Since the GOODS-N �eld is in the CVZ, some portions of the orbit are too bright

for observations using WFC3/IR, so WFC3/UVIS exposures are substituted using

the F275W and F336W �lters. In these cases, the ACS parallels retain their structure

as described for the remainder of the Deep observations.

Mosaic Layout Design

For each of the �ve CANDELS �elds, the goal is to cover a contiguous area with

WFC3/IR (thus, the larger ACS/WFC parallel exposures overlap somewhat to create

deeper pointing), and to overlap as much as possible the existing relevant ancillary

data sets. For the GOODS-N and GOODS-S Deep regions, the layout consists of

a smaller rectangular grid of 3×5 tiles (∼ 6.′5 × 10.′8). An important feature of

CANDELS is the fact that GOODS-N �eld is in the HST CVZ and thus, it uses

the bright day side of the orbit to observe with WFC3/UVIS in the UV (F275W

and F336W). This enables measurements of the Lyman continuum (LyC) escape

fraction (fesc) from galaxies at z ≈ 2.5, identi�cation of ∼350 LBGs at z ≈ 2, and

measurements of the SFR in low-luminosity dwarfs which may just be �turning on�

at z ≈ 1 [125, 126]. There are ∼40-50 UV-luminous LBGs (LUV > 0.25L∗) in this

�eld at 2.38 < z < 2.55 (half with spectroscopic redshifts), which is the optimal

redshift for constraints with the F275W �lter, many of which may be bright enough

to detect if fesc > 0.5 e.g. [127, 128]. The structure of the survey includes essential

elements of two MCT programs that were submitted separately. The �rst program

involved studying the full area of the GOODS-North and GOODS-South �elds [116]

to a uniform depth, including also ultraviolet (UV) imaging, and carrying out an

extensive search for high-redshift SNe Ia. The other program, was aimed at studying

half the GOODS-N and GOODS-S areas to a greater depth, together with wider and

shallower imaging of the Extended Groth Strip EGS [119], COSMOS [120,121], and

the UKIDSS Ultra-Deep Survey UDS [122,123].
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2.7.2 Hubble Deep UV Legacy Survey

The HDUV is a legacy program using the Hubble Space Telescope to obtain deep

UV images of the central parts of the two GOODS �elds, which was approved in HST

Cycle 22. It builds on existing WFC3/UVIS data to obtain deep images at 250-350

nm (in F275W and F336W). These unique UV imaging data provide a complete

census of low-luminosity star-forming galaxies at z 0.5-2 and enable a wealth of

research by the community. This includes measuring the physical properties of sub-

L* galaxies, and characterizing resolved stellar populations to decipher the build-up

of the Hubble sequence from sub-galactic clumps. It provides background-subtracted,

drizzled F275W and F336W images of the complete HDUV survey data in addition

to all the CANDELS F275W UV imaging in GOODS-N.

2.7.3 Sloan Digital Sky Survey

The SDSS [3, 129] searches to get spectroscopic and photometric data across π

sr. The survey is conducted using a dedicated 2.5-m telescope at Apache Point

Observatory. The photometry is obtained using drift-scanning with a unique CCD

camera [130], allowing near-simultaneous photometry in �ve bands u, g, r, i, z, [131�

133]. The resulting data are reduced in a dedicated photometric pipeline, PHOTO

[134] and astrometrically calibrated [135].



Chapter 3

Extraction procedure and data

manipulation

We present the methodology used in the thesis. This chapter includes data col-

lection, selection criteria, data reduction and details about the tools used to get the

physical parameters.

3.1 Speci�cation

With HST spatial resolution, for the low z galaxies, the F160W image from CAN-

DELS project can be used to trace the stellar mass distribution while the F275W

image from the HDUV project is just the rest frame UV. We use images of GOODS-

North �eld and catalog corresponding to this region. We use the equatorial coor-

dinates, photometric and spectroscopic redshift (if it is available), stellar masses,

magnitudes, �uxes of the second aperture from UV to IR bands and their respective

errors.

Besides, we analyze current mosaics from ACS and WFC3/IR data with 30

[mas/pix]. The available �lters are 15, 10 of WFC3 and 5 of ACS. For this the-

sis, we analyze the �lters F275W, F125W, and F160W of WCF3 and all of ACS.

The �lters F098M, F105W, F110W, F127W, F139W, F140W, and F153W have not

to image or is defective.

29
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Figure 3.1: Bands of ACS and WFC3. Source: Made by the author.

3.2 Selection criteria

The initial catalog presents 35445 objects. In this section, z is spectroscopic

redshift, speci�ed as �z_spec�.

Figure 3.2: r - i vs. u - B color - color diagram. Source: Made by the author.

Figure 3.2 represents the color - color diagram with r-i color in the x-axis and

u-B color in the y-axis. Red dots are galaxies with apparent magnitude r < 23.5 and

z = 0, that mean zspec was not measure, green dots are galaxies with r < 23.5 and

z > 0.3 and blue dots are galaxies with r < 23.5 and 0.001 < z < 0.3. Black dots

complete the total of objects presents in the catalog.
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Figure 3.3: r-i vs. u-B color-color diagram. Source: Made by the author.

In Figure 3.3, our targets located in the red dots region and are contaminated

by some of z > 1 sources. We plot r-i vs. r-[3.6] to divide the galaxies with z < 1 in

Figure 3.4.

Figure 3.4: r-i vs. r-(3.6) color color diagram. Source: Made by the author.

Figure 3.4 has the same redshift color code as Figure 3.3. Galaxies with z >1 are

redder in r − [3.6] and we can select the sources below the thick line because they

have mainly z < 1.



32

The sample of galaxies is de�ned by these criteria:

r < 24 (3.1)

u−B > 0.3 (3.2)

r − i < 0.9 (3.3)

u−B > 1.8× (r − i)− 0.42 (3.4)

r − [3.6] < 3× (r − i) (3.5)

class star = 0 (3.6)

and we de�ne the target as faint when

Abs B > −18. (3.7)

Given the selection criteria by the equations (3.1), (3.2), (3.3), (3.4), (3.5), (3.6) and

(3.7), we can replot Figure 3.3. We see that most of contamination of high redshift

sources were removed.

Figure 3.5: r-i vs. u-B color-color diagram. Source: Made by the author.

Red dots of Figure 3.5 show the data that �nally we analyze.



33

To get the sample of galaxies of each band, we extract and align the stamp images

of every source that agree the location of each object, using the catalog magnitude

parameters in the di�erent bands, from UV to IR. The scheme of the procedure is

shown in Figure 3.6.

Figure 3.6: Cutting process scheme. Source: Made by the author.

Some of the low redshift spiral galaxies in the HST images show some bright clumps in

the spiral arms, which may also be selected as one or several targets in the CANDELS

catalog (mainly for the photometric redshift selected targets). We perform a visual

check for the images to make sure the targets are reliable. Finally, we list the galaxies

in table 3.1.

Band Instrument/Camera [8] Total galaxies
F275W WFC3/UVIS 31
F435W ACS/WFC 132
F606W ACS/WFC 132
F775W ACS/WFC 132
F814W ACS/WFC 132
F850LP ACS/WFC 132
F125W WFC3/IR 132
F160W WFC3/IR 132

Table 3.1: Images of the low redshift galaxies sample for each band. Source: Made
by the author.
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3.3 Calculating radius of the galaxies

The process for calculating the Petrosian radius of each galaxy is done computa-

tionally. The values of these radii are in units of pixel [px]. We convert the values

to the physical unit of arcsecond [arcsec] and kiloparsec [kpc], respectively.

To get the radius [arcsec], we multiply the values of [px] by the pixel scale of the

CCD of the instrument.

Thus,

R [arcsec] = R [px]× pixel scale (3.8)

where pixel scale is shown in table 3.2 and R [px] is the Petrosian radius at 20%,

50% or 90%.

Instrument/Camera Pixel Scale [arcsec]
WFC3/UVIS 0.03
ACS/WFC 0.03
WFC3/IR 0.06

Table 3.2: Pixel scale for each Instrument. Source: [8].

To obtain R [kpc], we use the cosmological web calculator [136] to calculate the

plate scale PS [kpc] and distance per arcsecond using the redshift values. Then, we

multiply the Petrosian R [arcsec] by PS [kpc].

R [kpc] = R [arcsec]× PS [kpc/arcsec]. (3.9)

3.4 Calculating �uxes with Sextractor

For �lter F275W, it is necessary to calculate the �uxes of 31 galaxies using Sex-

tractor [137], which is a standard tool used to build a catalog of objects from an

astronomical image.
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In Sextractor, a complete analysis of an image is done in 6 steps:

� Estimation of the sky background

� Segmentation of the image or thresholding

� Separation of overlapping or deblending signals

� Filtering the detection

� Photometry

� Separation of stars and galaxies

In our case, we already have got stamp images, so only need to calculate the �uxes.

3.4.1 Detection

In Sextractor, source detection is part of a process called segmentation. An object

is de�ned as a group of pixels selected by some detection process and for which it is

believed that the �ux contribution of an astronomical source is dominant over that

of other objects. In this context, the segmentation process consists of separating

objects from the bottom of the sky. Segmentation is achieved if it is found a group

of connected pixels exceed some limit above the background, i.e., a detection. As

we have stamp images, we have not problems related to crowded regions nor sources

that are superimposed.
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The parameters modi�ed to calculate the �uxes are,

detect minarea = 16

detect thresh = 1.0

analysis thresh = 5.0

�lter name = gauss 4.0 7x7.conv

deblend nthresh = 32

deblend mincont = 0.005

phot apertures = 5, 10, 20, 30.

The parameters modi�ed according to the characteristics of the data are the follow-

ing,

phot autoparams = 2.5, 3.5

mag zeropoint = 24.1305 magnitude zero-point

gain = 1.5 detector gain in e-/ADU

pixel scale = 0.06 size of pixel in arcsec

seeing FWHM = 0.07 stellar FWHM in arcsec.
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3.5 Calculating parameters with FAST

To calculate stellar mass, SFR and SSFR, we use Fitting and Assessment of Syn-

thetic Templates FAST [2], an IDL-based code that �ts stellar population synthesis

templates to broadband photometry and/or spectra. Depending on the input pa-

rameters, FAST outputs the best-�t z, age, dust content, star formation timescale

τ , metallicity, stellar mass, SFR and their con�dence intervals.

The input parameters required by FAST are,

1. SPS models: Bruzual & Charlot [138], Maraston [139], Conroy [140].

2. IMF: Kroupa [141], Chabrier [142], Salpeter [143].

3. Reddening law: Calzetti [144], mw [145], Kc [146].

4. Stellar population properties: age, star formation timescale τ , dust content

AV, metallicity, redshift (the minimum and maximum value and the step size

can be de�ned).

Furthermore, FAST read an input �le with ID, spectroscopic redshifts, �uxes and

their errors.

To determine the best-�t parameters, it calculates the χ2 of every point of the

model cube. In case spectroscopic or photometric redshift are provided, the redshift

will be �xed to the closest value in the grid.

The con�dence levels are calibrated using Monte Carlo simulations. The observed

�uxes are modi�ed according to their photometric errors and these modi�ed �uxes

are �tted as well. The 68% (95% or 99%) con�dence intervals are de�ned by the

χ2 value in the original grid that encloses 68% (95% or 99%) of these simulations.

Thus, the con�dence intervals on all properties are the minimum and maximum

values allowed by this χ2 threshold.
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3.5.1 The spectral energy distribution

The SED of a galaxy contains information regarding its SFH, dust content, and

chemical abundance pattern. These properties provide clues to the physical processes

governing the formation and evolution of galaxies from high redshift to the present.

However, the process of translating observed SEDs into physical properties is di�cult,

because it requires

1. An accurate understanding of all phases of stellar evolution.

2. A well-calibrated stellar spectral library for converting stellar evolution calcu-

lations into measurable �uxes.

3. An initial mass function (IMF), specifying the weight given to each stellar

mass.

4. Detailed knowledge of the star�dust geometry in conjunction with an appropri-

ate extinction curve, i.e., knowledge of the physical conditions of the interstellar

medium (ISM).

Each of these requirements depends on chemical composition, further compounding

the problem. The combination of these ingredients in order to predict the spectrum

of a galaxy is known as stellar population synthesis (SPS), e.g. [138,139,147�164].
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3.5.2 Population synthesis

The stars cannot be resolved for the majority of galaxies, so we depend on mod-

els developed to analyze stellar populations by the study of the integrated light of

galaxies, which holds information about the age and metallicity distributions of their

stellar populations and SFHs. These models are called stellar population synthesis

on galaxies.

Two main types of approaches have been developed:

� Empirical population synthesis ( [165�168])

In the empirical population synthesis approach, also known as �stellar pop-

ulation synthesis with a database�, the observed spectrum of a galaxy is re-

produced by a combination of spectra of individual stars or star clusters with

di�erent ages and metallicities from a library. The results following this ap-

proach do not consider the stellar evolution and do not allow one to predict

the past and future spectral appearance of galaxies.

� Evolutionary Population Synthesis ( [139,148,152,153,156,169�172])

The EPS approach uses the knowledge of stellar evolution to model the spec-

trophotometric properties of stellar populations, and has enjoyed more widespread

use. In this approach, the main adjustable parameters are the stellar evolution

tracks, stellar spectral library, IMF, SFH, grids of ages and metallicities. EPS

represents a real physical model but is restricted by the lack of comprehen-

sive stellar spectral library, accurate IMF and SFH, and poor understanding

of some advanced phases of stellar evolution, such as the blue stragglers (BSs),

the horizontal branch (HB) stars, and the thermally pulsating asymptotic giant

branch (TP-AGB) stars.

Stellar Population Models

The construction of models for simple and composite stellar populations is con-

ceptually straightforward. However, exist certain constraints that make the creation

of such models rather di�cult in practice (incomplete isochrone tables and empirical

stellar libraries, poorly calibrated physics and others).
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In �gure 3.7, it is shown an overview of the stellar population synthesis technique.

The upper panels highlight the necessary ingredients for constructing simple stellar

populations (SSPs): an IMF, isochrones (for a range of ages and metallicities) and

stellar spectra (spanning a range of Teff , Lbol, and metallicity). The middle panels

highlight the ingredients necessary for constructing composite stellar populations

(CSPs): star formation histories and chemical evolution, SSPs, and a model for dust

attenuation and emission. Bottom row shows the �nal CSPs both before and after

a dust model is applied.

Figure 3.7: Overview of the stellar population synthesis. Source: [173].
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Simple Stellar Population

The �rst step of any Stellar Population Synthesis model is the Simple Stellar

Population (SSP) that describes the evolution in time of the SED of a single stellar

population at a single metallicity and abundance pattern. Therefore, an SSP requires

three basic inputs: stellar evolution theory in the form of isochrones, stellar spectral

libraries and an IMF, each of which may in principle be a function of metallicity

and/or elemental abundance pattern.

Stellar Evolution and Isochrones

An isochrone speci�es the location in the Hertzsprung-Russell (HR) diagram of

stars with a common age and metallicity. Isochrones are constructed from stellar

evolution calculations for stars from the hydrogen burning limit (≈ 0.1 M�) to the

maximum stellar mass (≈ 100 M�). The construction of isochrones is straightforward

for stellar evolution tracks that are in�nitely well-sampled in mass and time. In

practice, evolutionary tracks are discretely sampled and this can lead to issues in

isochrone construction for fast evolutionary phases. Modern sets of isochrones have

constructed speci�cally to ensure that the models are relatively immune to these

e�ects [174].

Initial Mass Function

The IMF is de�ned as a probability distribution function (PDF) for the mass at

which a star enters the main sequence (begins hydrogen fusion).∫ MU

ML

dm mN(m) = 1M�,

N(m) dm speci�es the fraction of stars in the mass interval of width dm around m,

where the distribution is normalized.

Typically, in the integration limits one put ML ∼ 0.1 M� because less massive

stars do not ignite their hydrogen (and are thus brown dwarfs), and MU ∼ 100

M�, because more massive stars have not been observed, because of their very short

lifetime.
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The properties and evolution of a star are closely related to its mass, so the IMF

is an important diagnostic tool for studying large quantities of stars. For example,

the initial mass of a star is the primary factor determining its color, luminosity and

lifetime and is relatively invariant from one group of stars to another, though some

observations suggest that the IMF is di�erent in di�erent environments.

The IMF is often stated in terms of a series of power laws, where N(m)dm (some-

times also represented as ξ(m)∆m), the number of stars with masses in the range

m to m+dm within a speci�ed volume of space, is proportional to m−α , where α

is a dimensionless exponent. The IMF can be inferred from the present day stellar

luminosity function by using the stellar mass-luminosity relation together with a

model of how the star formation rate varies with time. Commonly used forms of the

IMF are the Kroupa (2001) broken power law and the Chabrier (2003) log-normal,

though also we can �nd Salpeter (1955) and Miller-Scalo (1979).

� Salpeter [143]

The IMF of stars more massive than our sun was �rst quanti�ed by Edwin

Salpeter in 1955. His work favored an exponent of α = 2.35. This form of

the IMF is called the Salpeter function or a Salpeter IMF. It shows that the

number of stars in each mass range decreases rapidly with increasing mass.

The Salpeter Initial Mass Function is

ξ(m)∆m = ξ0

(
m
M�

)−2.35(
∆m
M�

)
,

where M� is the solar mass, and ξ0 is a constant relating to the local stellar

density.

� Miller-Scalo [175]

Later, Glenn E. Miller and John M. Scalo suggested that the IMF approached

α = 1 below one solar mass. This IMF is a parametrization of the IMF by a

log-normal distribution of the form

ξ[log(m)] = A0 + A1 log(m) + A2[log(m)]2.
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� Kroupa [176]

Pavel Kroupa kept α = 2.3 above half a solar mass, but introduced α = 1.3

between 0.08 - 0.5 M� and α = 0.3 below 0.08 M�.

ξ(m) = m−α, α =


0.3, for 0.01 6 m/M� < 0.08,
1.3, for 0.08 6 m/M� < 0.50,

2.3, for 0.50 6 m/M�.
(3.10)

� Chabrier [142]

Chabrier IMF is a combination of log-normal distribution (for low mass stars

with masses less than 1 M�) and a power-law distribution (for larger masses).

The di�erence between the IMF and the system IMF is to merge resolved

objects into multiple systems to compute the magnitude of systems instead of

individual stars.

The next equations represent Chabrier IMFs

ξ(log m) = A

[
−(log m− log mc)

2

2σ2

]
. (3.11)

For simple objects:

A mc σ
m 6 1.0 M� 0.158 0.079 0.69

Table 3.3: Disk IMF for simple objects for equation (3.11). Source: [142].

For the various components of the galaxy:

A mc σ
m 6 1.0 M� 0.158 0.079 0.69
m 6 0.9 M� 0.33 0.34
m 6 0.7 M� 3.6 × 10−4 0.22 0.33

Table 3.4: IMFs for the various components of the galaxy for equation (3.11). Source:
[142].

ξ(log m) = A −x. (3.12)
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For simple objects:

A x
m > 1.0 M� 4.43 × 10−2 1.3

Table 3.5: Disk IMF for simple objects for equation (3.12). Source: [142].

For the various components of the galaxy:

A x
m > 1.0 M� 4.4 × 10−2 1.3
m > 0.9 M� 1.3
m > 0.7 M� 7.1 × 10−5 1.3

Table 3.6: IMFs for the various components of the galaxy for equation (3.12). Source:
[142].

In this case, we get stellar mass, SFR and SSFR using the following parameters:

Parameters of Stellar Population Library
AB ZP 23.90
Library Bruzual & Charlot (2003)
SFH Exponentially declining SFH: SFR ∼ exp(-t/τ)

Stellar IMF Chabrier
Dust law Calzetti (2000) dust attenuation law

Parameters of the grid
Metallicity 0.05
log(τ/yr) 6.5 - 11.0, in steps of 0.1
log(age/yr) 6.5 - 11.0, in steps of 0.1

A_V 0.0 - 4.0, in steps of 0.1
z 0.01 - 0.3, in steps of 0.01

Parameters of Cosmology
H0 70.0
ΩM 0.3
ΩΛ 0.7

Table 3.7: Input parameters used in FAST. Source: Made by the author.
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3.5.3 Star formation rate

To calculate this parameter, we use the equation (3.13) from [1]

log
(
Ṁ∗
)

[M�yr−1] = log(Lx)− log(Cx) (3.13)

where log Cx is a logarithmic calibration constant SFR equal to 43.35 and Lx = νLν

the luminosity in [ergs s −1].

We have to take into account that there is a di�erence between the �ux that the

galaxy emits and the �ux that we observe. To correct this di�erence we use the

correction K

mR = MQ +DM +KQR (3.14)

where the source has an apparent magnitude R observed and an absolute magnitude

Q emitted. To calculate the K correction, it is necessary to know the apparent

magnitude in the UV band and three transmission curves corresponding to NUV of

GALEX, UVIS1 of HST and a template model. In this case, we used [140]. After

calculating the correction K, we calculate the absolute magnitude in UV, the �ux in

frequency units, the luminosity in frequency units and �nally calculate the SFR.

3.5.4 Speci�c star formation rate

To calculate Speci�c Star Formation Rate,

SSFR [1/yr] =
SFR[M�yr

−1]

M∗[M�]
. (3.15)

with SFR calculated from the previous section.



Chapter 4

Analysis

In this chapter the analysis of the sample is presented. We show the stamp im-

ages of all galaxies. Afterward, the relations between spectroscopic and photometric

redshift, besides other parameters as size, SFR and SSFR related to stellar mass.

4.1 Stamp images

One of the most important aspect is identify the galaxies within the CANDELS's

catalog due to the di�culty to distinguish between stars and di�erent kind of galaxies

with a computational rutine. From the total catalog, 132 galaxies are identi�ed in

the following �lters: F435W, F606W, F775W, F814W, F850LP, F125W and F160W.

Only 31 present star formation (F275W).

435 606 775 814 850 125 160

Figure 4.1: Galaxy 2.

46
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435 606 775 814 850 125 160

Figure 4.2: Galaxy 3.

435 606 775 814 850 125 160

Figure 4.3: Galaxy 4.

435 606 775 814 850 125 160

Figure 4.4: Galaxy 5.

435 606 775 814 850 125 160

Figure 4.5: Galaxy 7.

435 606 775 814 850 125 160

Figure 4.6: Galaxy 8.

435 606 775 814 850 125 160

Figure 4.7: Galaxy 10.
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435 606 775 814 850 125 160

Figure 4.8: Galaxy 11.

435 606 775 814 850 125 160

Figure 4.9: Galaxy 15.

435 606 775 814 850 125 160

Figure 4.10: Galaxy 16.

435 606 775 814 850 125 160

Figure 4.11: Galaxy 17.

435 606 775 814 850 125 160

Figure 4.12: Galaxy 18.

435 606 775 814 850 125 160

Figure 4.13: Galaxy 19.
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435 606 775 814 850 125 160

Figure 4.14: Galaxy 20.

435 606 775 814 850 125 160

Figure 4.15: Galaxy 21.

435 606 775 814 850 125 160

Figure 4.16: Galaxy 23.

435 606 775 814 850 125 160

Figure 4.17: Galaxy 24.

435 606 775 814 850 125 160

Figure 4.18: Galaxy 26.

435 606 775 814 850 125 160

Figure 4.19: Galaxy 28.
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435 606 775 814 850 125 160

Figure 4.20: Galaxy 29.

275 435 606 775 814 850 125 160

Figure 4.21: Galaxy 30.

435 606 775 814 850 125 160

Figure 4.22: Galaxy 31.

435 606 775 814 850 125 160

Figure 4.23: Galaxy 33.

275 435 606 775 814 850 125 160

Figure 4.24: Galaxy 34.

435 606 775 814 850 125 160

Figure 4.25: Galaxy 36.
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275 435 606 775 814 850 125 160

Figure 4.26: Galaxy 37.

275 435 606 775 814 850 125 160

Figure 4.27: Galaxy 38.

435 606 775 814 850 125 160

Figure 4.28: Galaxy 39.

435 606 775 814 850 125 160

Figure 4.29: Galaxy 40.

435 606 775 814 850 125 160

Figure 4.30: Galaxy 42.

435 606 775 814 850 125 160

Figure 4.31: Galaxy 46.
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435 606 775 814 850 125 160

Figure 4.32: Galaxy 47.

435 606 775 814 850 125 160

Figure 4.33: Galaxy 50.

435 606 775 814 850 125 160

Figure 4.34: Galaxy 51.

435 606 775 814 850 125 160

Figure 4.35: Galaxy 52.

435 606 775 814 850 125 160

Figure 4.36: Galaxy 53.

435 606 775 814 850 125 160

Figure 4.37: Galaxy 54.
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435 606 775 814 850 125 160

Figure 4.38: Galaxy 55.

275 435 606 775 814 850 125 160

Figure 4.39: Galaxy 56.

435 606 775 814 850 125 160

Figure 4.40: Galaxy 58.

435 606 775 814 850 125 160

Figure 4.41: Galaxy 59.

435 606 775 814 850 125 160

Figure 4.42: Galaxy 61.

435 606 775 814 850 125 160

Figure 4.43: Galaxy 62.
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275 435 606 775 814 850 125 160

Figure 4.44: Galaxy 63.

275 435 606 775 814 850 125 160

Figure 4.45: Galaxy 65.

275 435 606 775 814 850 125 160

Figure 4.46: Galaxy 66.

435 606 775 814 850 125 160

Figure 4.47: Galaxy 67.

435 606 775 814 850 125 160

Figure 4.48: Galaxy 68.

435 606 775 814 850 125 160

Figure 4.49: Galaxy 69.
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435 606 775 814 850 125 160

Figure 4.50: Galaxy 70.

435 606 775 814 850 125 160

Figure 4.51: Galaxy 74.

275 435 606 775 814 850 125 160

Figure 4.52: Galaxy 76.

435 606 775 814 850 125 160

Figure 4.53: Galaxy 77.

435 606 775 814 850 125 160

Figure 4.54: Galaxy 79.

275 435 606 775 814 850 125 160

Figure 4.55: Galaxy 80.
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275 435 606 775 814 850 125 160

Figure 4.56: Galaxy 81.

435 606 775 814 850 125 160

Figure 4.57: Galaxy 82.

275 435 606 775 814 850 125 160

Figure 4.58: Galaxy 87.

435 606 775 814 850 125 160

Figure 4.59: Galaxy 89.

275 435 606 775 814 850 125 160

Figure 4.60: Galaxy 90.

275 435 606 775 814 850 125 160

Figure 4.61: Galaxy 91.
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275 435 606 775 814 850 125 160

Figure 4.62: Galaxy 92.

435 606 775 814 850 125 160

Figure 4.63: Galaxy 93.

435 606 775 814 850 125 160

Figure 4.64: Galaxy 94.

435 606 775 814 850 125 160

Figure 4.65: Galaxy 95.

435 606 775 814 850 125 160

Figure 4.66: Galaxy 96.

435 606 775 814 850 125 160

Figure 4.67: Galaxy 99.
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435 606 775 814 850 125 160

Figure 4.68: Galaxy 101.

435 606 775 814 850 125 160

Figure 4.69: Galaxy 103.

435 606 775 814 850 125 160

Figure 4.70: Galaxy 104.

435 606 775 814 850 125 160

Figure 4.71: Galaxy 108.

275 435 606 775 814 850 125 160

Figure 4.72: Galaxy 111.

275 435 606 775 814 850 125 160

Figure 4.73: Galaxy 112.
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275 435 606 775 814 850 125 160

Figure 4.74: Galaxy 113.

435 606 775 814 850 125 160

Figure 4.75: Galaxy 114.

435 606 775 814 850 125 160

Figure 4.76: Galaxy 115.

275 435 606 775 814 850 125 160

Figure 4.77: Galaxy 118.

275 435 606 775 814 850 125 160

Figure 4.78: Galaxy 119.

275 435 606 775 814 850 125 160

Figure 4.79: Galaxy 122.



60

435 606 775 814 850 125 160

Figure 4.80: Galaxy 123.

435 606 775 814 850 125 160

Figure 4.81: Galaxy 124.

435 606 775 814 850 125 160

Figure 4.82: Galaxy 125.

435 606 775 814 850 125 160

Figure 4.83: Galaxy 126.

435 606 775 814 850 125 160

Figure 4.84: Galaxy 128.

435 606 775 814 850 125 160

Figure 4.85: Galaxy 129.
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435 606 775 814 850 125 160

Figure 4.86: Galaxy 130.

275 435 606 775 814 850 125 160

Figure 4.87: Galaxy 132.

275 435 606 775 814 850 125 160

Figure 4.88: Galaxy 133.

275 435 606 775 814 850 125 160

Figure 4.89: Galaxy 135.

435 606 775 814 850 125 160

Figure 4.90: Galaxy 136.

435 606 775 814 850 125 160

Figure 4.91: Galaxy 137.
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435 606 775 814 850 125 160

Figure 4.92: Galaxy 138.

435 606 775 814 850 125 160

Figure 4.93: Galaxy 139.

435 606 775 814 850 125 160

Figure 4.94: Galaxy 140.

435 606 775 814 850 125 160

Figure 4.95: Galaxy 141.

435 606 775 814 850 125 160

Figure 4.96: Galaxy 142.

435 606 775 814 850 125 160

Figure 4.97: Galaxy 144.
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275 435 606 775 814 850 125 160

Figure 4.98: Galaxy 145.

435 606 775 814 850 125 160

Figure 4.99: Galaxy 146.

435 606 775 814 850 125 160

Figure 4.100: Galaxy 147.

435 606 775 814 850 125 160

Figure 4.101: Galaxy 149.

275 435 606 775 814 850 125 160

Figure 4.102: Galaxy 150.

435 606 775 814 850 125 160

Figure 4.103: Galaxy 151.



64

435 606 775 814 850 125 160

Figure 4.104: Galaxy 152.

435 606 775 814 850 125 160

Figure 4.105: Galaxy 153.

275 435 606 775 814 850 125 160

Figure 4.106: Galaxy 154.

435 606 775 814 850 125 160

Figure 4.107: Galaxy 155.

435 606 775 814 850 125 160

Figure 4.108: Galaxy 158.

435 606 775 814 850 125 160

Figure 4.109: Galaxy 159.
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435 606 775 814 850 125 160

Figure 4.110: Galaxy 160.

435 606 775 814 850 125 160

Figure 4.111: Galaxy 161.

435 606 775 814 850 125 160

Figure 4.112: Galaxy 162.

435 606 775 814 850 125 160

Figure 4.113: Galaxy 163.

435 606 775 814 850 125 160

Figure 4.114: Galaxy 164.

435 606 775 814 850 125 160

Figure 4.115: Galaxy 166.
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435 606 775 814 850 125 160

Figure 4.116: Galaxy 167.

435 606 775 814 850 125 160

Figure 4.117: Galaxy 168.

435 606 775 814 850 125 160

Figure 4.118: Galaxy 169.

435 606 775 814 850 125 160

Figure 4.119: Galaxy 171.

435 606 775 814 850 125 160

Figure 4.120: Galaxy 172.

435 606 775 814 850 125 160

Figure 4.121: Galaxy 173.
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435 606 775 814 850 125 160

Figure 4.122: Galaxy 174.

435 606 775 814 850 125 160

Figure 4.123: Galaxy 176.

435 606 775 814 850 125 160

Figure 4.124: Galaxy 177.

435 606 775 814 850 125 160

Figure 4.125: Galaxy 178.

435 606 775 814 850 125 160

Figure 4.126: Galaxy 179.

435 606 775 814 850 125 160

Figure 4.127: Galaxy 180.
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275 435 606 775 814 850 125 160

Figure 4.128: Galaxy 181.

435 606 775 814 850 125 160

Figure 4.129: Galaxy 184.

275 435 606 775 814 850 125 160

Figure 4.130: Galaxy 187.

275 435 606 775 814 850 125 160

Figure 4.131: Galaxy 188.

275 435 606 775 814 850 125 160

Figure 4.132: Galaxy 189.

Figures from 4.1 to 4.132 have been made by the author.
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4.2 Spectroscopic and photometric redshift

The redshift is an important parameter to calculate the stellar mass of the galax-

ies. From the catalog, the photometric and spectroscopic redshift can be obtained.

Most of the galaxies have available the photometric redshift, but is less accurate than

the spectroscopic one. Therefore, it is necessary to realize spectroscopic observations

that require large observation time.

We compare both spectroscopic and photometric redshift in Figure 4.133.
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Figure 4.133: Comparison of spectroscopic and photometric redshift for the galaxies
from GOODS-N. Source: Made by the author.
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Figures 4.134 and 4.135 show both redshifts distribution. Both histogram present

104 galaxies with spectroscopic redshift and 28 galaxies with photometric redshift,

respectively. For the calculations, is considered spectroscopic redshift if it is available,

and photometric redshift if it is not.

Figure 4.134: Spectroscopic redshift distribution. Source: Made by the author.

Figure 4.135: Photometric redshift distribution. Source: Made by the author.
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4.3 Stellar mass and redshift

Figure 4.136 shows the relation between stellar mass and redshift for the low

redshift galaxies sample in the GOODS-North �eld, using spectroscopic redshift

(spec-z) and photometric redshift (phot-z).

Figure 4.136: The spec-z and phot-z distribution of the low redshift galaxy sample.
Source: Made by the author.
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4.4 Stellar mass and size

In this section, we present the results referent to mass and size, with stellar mass

from CANDELS's catalog. Histogram of stellar mass is shown in Figure 4.137, where

the stellar masses are between 5 M� and 9.5 M�.

Figure 4.137: Histogram of stellar mass. Source: Made by the author.

Using spectroscopic and photometric redshift, we calculate r50 [arcsec] and r90

[arcsec] for convert it to [kpc]. The results for R50 and R90 are shown in Figures

4.138 and 4.140 as a function of the stellar mass of galaxies. Figures 4.139 and 4.141

show a comparison with SDSS [3] and [4]. We de�ne the radii encircling half (R50)

and 90 percent light (R90) in a circular aperture.
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Figure 4.138: Petrosian radius (R50) as a function of the stellar mass for spectroscopic
and photometric redshifts. Source: Made by the author.
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Figure 4.139: Comparison between Petrosian radius (R50) of the galaxies and SDSS
[3], as a function of the stellar mass with slope from [4]. Source: Made by the author.
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Figure 4.140: Petrosian radius (R90), as a function of the stellar mass for spectro-
scopic and photometric redshifts. Source: Made by the author.
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Figure 4.141: Comparison between Petrosian radius (R90) of the galaxies and SDSS
[3], as a function of the stellar mass with slope from [4]. Source: Made by the author.
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To get the �t of [4], we use linear regression of size-stellar mass relation,

logR = ar(logM∗ −M) + logRM
r , (4.1)

where r is 50 for 50% light radius and 90 for 90% light radius. RM
r is the radius

at M∗ = 10M M�. For star-forming galaxies, M is 10. In our case, the scatter for

R50 and R90 are 1.504 and 0.658, respectively. The size-mass relation from [4] have

a universal slope (α ∼ 0.1 − 0.2) and the scatter for R50 = 0.133, while that for

R90 = 0.170.

The slopes and o�sets of the regression lines are shown in table 4.1.

Sample m50 b m90 b
This work 0.28861326 -1.91755702 0.2635576 -2.26256

SDSS z < 0.3 [3] 0.23152212 -1.74911533 0.27516814 -1.77183271
Ichikawa 0.25 < z < 0.5 [4] 0.115 -0.664 0.114 -0.295

Table 4.1: Linear �t of radius and stellar mass. m50 and m90 corresponding to the
best �t slopes and b is the position coe�cient. Source: Made by the author.
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4.5 Stellar mass and SFR

In this section, Figure 4.142 shows SFR and stellar mass of 31 star-forming galax-

ies from our catalog and 5,000 galaxies at z < 0.3 and stellar mass > 106 M� from

SDSS. Stellar mass is present in GOODS-N catalog and SFR is calculated from [1].
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Figure 4.142: Relation between SFR and stellar mass and comparison with [5�7].
Source: Made by the author.

Figure 4.143 shows SFR and stellar mass of 31 star-forming galaxies from the

catalog and 5,000 galaxies at z < 0.3 from SDSS. Now, Stellar mass and SFR is

calculated using FAST [2]. The input parameters used are shown in Table 3.7.
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Figure 4.143: Relation between SFR and stellar mass using FAST and comparison
with [5�7]. Source: Made by the author.

The slopes and o�sets of the regression lines are shown in table 4.2.

Sample m b
Figure 4.142 0.74302093 -8.01713569
Figure 4.143 0.62009778 -7.1860299

Sample K+03 [177], B+04 [29] 0.51702293 -5.27058306
Sample Daddi+07 [5] 0.952 -8.0108
Sample Elbaz+07 [6] 0.884615384 -8.0154
Sample Guo+13 [7] 1.01 -9.88

Table 4.2: Linear �t of SFR to stellar mass of Figure 4.142. Source: Made by the
author.

The scatter in SFR using the de�nition of [1] is σ ∼ 0.5, while that using FAST

is σ ∼ 0.8. In [6], they have found a tight correlation between the SFR and stellar
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mass of blue star-forming galaxies in GOODS at z = 0.8 - 1.2 �tted by,

SFRz∼1
GOODS[M�yr

−1] = 7.2[−3.6,+7.2]× [M?/1010M�]0.9. (4.2)

where M? is stellar mass range M? ∼ 5× 1010 − 5× 1011 M�.

In other works as [6, 34], have shown that star formation and stellar mass de�ne

a tight correlation (0.2 dex scatter) in galaxies at z ∼ 1 , with rough proportionality

(logarithmic slope of 0.9). Similar proportionality is also seen at z = 0 in data

from the SDSS [6], although with a lower normalization showing the overall down in

cosmic SFR density with time.

For example, [5] has found that a relatively tight stellar mass-SFR relation is already

in place at z = 2, for star-forming galaxies detected at 24 µm. The typical star-

forming galaxy at z = 2 is forming stars more rapidly by factors of 3.7 and 27 with

respect to an object with similar mass at z = 1 and 0.

For the SFG sample of [7] at 0.6 < z < 0.8, the cosmic SFR density decreases about

50% from z = 0.8 to z = 0.6. The �tting of SFR as a function of the stellar mass is

given by

log
(
SFR/M�yr−1

)
= α log(M/M�) + β (4.3)

with α = 1.01 and β = −9.88.
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4.6 Stellar mass and SSFR

In this section, Figure 4.144 shows SSFR and stellar mass of 31 star-forming

galaxies and 5,000 galaxies at z < 0.3 from SDSS. Stellar mass is in GOODS-N

catalog and SSFR is calculated using SFR from [1].
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log stellar mass [Msolar]
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K+03, B+04
K+03,B+04
Daddi+07 z~2
Elbaz+07 z~1
Guo+13 0.6<z<0.8
Our sample z < 0.3
Our sample z < 0.3

Figure 4.144: Relation between SSFR and stellar mass. Source: Made by the author.

[6] shows that the SSFR is slowly decreasing with stellar mass for z ∼ 1 galaxies,

SSFR ∼ M −0.1
? .

[5] �nds that at �xed stellar masses, the model galaxies are forming stars at about 1
4

of the observed rate for galaxies with M ∼ 1011M�. The correlation is also substan-

tially tilted, with decreasing speci�c SFR at larger masses.

Figure 4.145 shows SSFR and stellar mass of 31 star-forming galaxies and 5,000

galaxies at z < 0.3 from SDSS. Now, Stellar mass and SFR is calculated using

FAST [2]. The input parameters used are shown in Table 4.3.
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Figure 4.145: Relation between SSFR and stellar mass using FAST. Source: Made
by the author.

The slopes and o�sets of the regression lines are shown in the table 4.3.

Sample m b
Figure 4.144 -0.25697907 -8.01713569
Figure 4.145 -0.37941267 -7.1867324

Sample K+03 [177], B+04 [29] -0.48297707 -5.27058306
Sample Daddi+07 [5] -0.048 -8.0108
Sample Elbaz+07 [6] -0.11538462 -8.0154
Sample Guo+13 [7] 0.01 -9.88

Table 4.3: Linear �t of SSFR to stellar mass of Figures 4.144 and 4.145. Source:
Made by the author.

The scatter in SSFR using the de�nition of [1] is σ ∼ 0.4, while that using FAST

is σ ∼ 0.8. In [7], the slope of SFR as a function of the stellar mass equal to the unity

suggests a constant SSFR for SFGs over the entire mass ranges examined (109.5 -

1010 M�, 1010 - 1010.5 M�, 1010.5 - 1011 M�, 1011 - 1011.5 M�).



Chapter 5

Conclusion

In this work, it is analyzed di�erent parameters of low redshift galaxies sam-

ple between 106 and 109 M� using images got with Hubble Space Telescope, from

CANDELS GOODS-North �eld. The HST UV data shows a very compact UV mor-

phology in some low mass galaxies, indicating a small range of the star formation.

In this sample, it can identify 32 star - forming galaxies. The mass - size relation

of the dwarf galaxies has slopes m50 = 0.2886 and m90 = 0.2635, and present the

same magnitude order of SDSS and [4], although our de�nition of half-light radius

is di�erent from that of [4].

The mass - SFR relation has a slope m ∼ 0.7 and a scatter σ ∼ 0.5. The mass -

SSFR relation has a slope m ∼ -0.2 and a scatter σ ∼ 0.4. In [6], the SSFR decreases

with stellar mass while it increases with galaxy density within a limited stellar mass

range (M? ∼ 5 × 1010 - 5 × 1011 M�).
For example, [7] is shown a slope of unity for the mass-SFR relation and it means

that SFGs of di�erent stellar masses have a nearly constant SSFR in the population

average sense.

Two methods are using to calculate SFR y SSFR, moreover of stellar mass that we

know from the CANDELS's catalog. The �rst way is using the method developed

by [1], and the second way is using the software FAST. it is important to calculate

with two or more di�erent methods for comparing the results and to evaluate if

are consistent. The calculation with FAST, it has been used the library from [171],

Chabrier [142] IMF and other parameters indicated in 3.7.
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In this research is analyzed a sample of dwarf galaxies to ful�ll the gap the bottom

tail of low mass galaxies, therefore we search to compare our research with works

that uses similar methods and strategies for analyzing massive galaxies. With this

analysis, we �nd relations that it can extrapolate the known properties of massive

galaxies to is possible to the lower limit of the main sequence of star formation.

In the table 4.2, we see the resulting slopes after our calculations. The slopes of

this work are ∼0.74 and ∼0.62, while the slope of sample of [29, 177] is ∼0.52, and
the slopes of [5�7] are ∼0.95, ∼0.88 and ∼1.01, respectively. To the exception of the

last slope, all present the same magnitude order. It means dwarf galaxies present a

low star formation rate in comparison with massive galaxies.

The discrepancies of this research concerning the other works can be because the

strategies or methods of calculation are di�erent.

In future research, we hope to calculate three model-independent parameters,

used as a robust classi�cation system, since revealing its major ongoing and past

formation modes. These parameters quantitatively measure the concentration (C),

asymmetry (A), and clumpiness (S) of a galaxy's stellar light distribution.

To re�ne the models and values of stellar masses, SFR and SSFR it is impor-

tant to obtain spectroscopic redshift and metallicity. Recently, we have shown that

metallicity of local galaxies is tightly related with stellar mass and SFR [178]. As the

fraction of the heaviest elements that helium increases as a function of cosmic time,

the metallicity of a star is related to the moment it formed, which allows deducing

its age or the area of the galaxy where it was born. These parameters are obtained

directly from the spectrum of each galaxy, therefore it is necessary to perform a

spectroscopic observation of these objects.



Appendix A

Catalog of galaxies at z < 0.3

We present the catalog of our sample. The �rst column is a label for each galaxy.

104 galaxies have spectroscopic z (z spec) with their �ag. The others present the

best median of photometric z (z phot). In the tables A.1, A.2, A.3, A.4 and A.5

equatorial coordinates and z are detailed. In A.6, A.7, A.8 and A.9 are speci�ed the

UV images. In A.10, A.11, A.12 and A.13 are shown the stellar masses data and

size plotted in 4.138,4.139, 4.140 and 4.141. Finally, in the tables A.14 and A.15 are

presented the stellar mass data and SFR plotted in 4.142 and 4.143, and the stellar

mass data and SSFR plotted in 4.144 and 4.145, respectively.

A.1 Equatorial coordinates and redshift

The equatorial coordinates, spectroscopic z and photometric z are detailed.

Table A.1: Equatorial coordinates and z part I

Galaxy RA [deg] DEC [deg] z spec z spec �ag z phot
2 189.16891 62.111804 0.000000 0.000 0.108000
3 189.19627 62.113372 0.000000 0.000 0.130000
4 189.14366 62.113594 0.1144000 2.000 0.125000
5 189.18500 62.115890 0.1164000 2.000 0.112000
7 189.12232 62.130832 0.2476000 2.000 0.257000
8 189.10846 62.130790 0.2001000 2.000 0.221000
10 189.25414 62.136683 0.000000 0.000 0.188000
11 189.24781 62.137401 0.1166000 2.000 0.140000
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Table A.2: Equatorial coordinates and z part II

Galaxy Ra [deg] Dec [deg] z spec z spec �ag z phot
15 189.04104 62.140515 0.2385000 2.000 0.225000
16 189.18064 62.138707 0.08700000 1.000 0.094000
17 189.23948 62.143891 0.17700000 1.000 0.174000
18 189.06227 62.144775 0.1534000 1.000 0.157000
19 189.14027 62.148289 0.000000 0.000 0.209000
20 189.10831 62.148121 0.1920000 2.000 0.187000
21 189.14097 62.150297 0.2099000 2.000 0.214000
23 189.17328 62.150869 0.2754000 1.000 0.071000
24 189.14629 62.151444 0.2001000 1.000 0.198000
26 189.16243 62.153279 0.08730000 2.000 0.109000
28 189.21809 62.158857 0.2299000 1.000 0.226000
29 189.20827 62.159875 0.2860000 1.000 0.292000
30 189.21299 62.160729 0.2058000 1.000 0.201000
31 189.10913 62.163782 0.08960000 1.000 0.090000
33 189.16384 62.164588 0.000000 0.000 0.246000
34 189.21521 62.165152 0.1362000 1.000 0.141000
36 189.09325 62.167383 0.000000 0.000 0.231000
37 189.16608 62.167173 0.1369000 2.000 0.141000
38 189.31320 62.168396 0.2024000 2.000 0.207000
39 189.08724 62.170703 0.000000 0.000 0.235000
40 189.11119 62.172157 0.2540000 1.000 0.240000
42 189.19532 62.172268 0.1695000 2.000 0.164000
46 189.13529 62.177065 0.1363000 2.000 0.136000
47 189.30939 62.180542 0.1363000 1.000 0.140000
50 189.16138 62.183113 0.000000 0.000 0.055000
51 189.05031 62.187146 0.1358000 1.000 0.134000
52 189.32391 62.190905 0.2131000 1.000 0.213000
53 189.21608 62.190400 0.08940000 2.000 0.095000
54 189.27329 62.191455 0.1363000 1.000 0.139000
55 189.13113 62.193600 0.2533000 2.000 0.255000
56 189.17356 62.192184 0.08920000 1.000 0.094000
58 189.04591 62.194241 0.000000 0.000 0.013000
59 189.05098 62.195813 0.2748000 1.000 0.265000
61 189.02923 62.197044 0.1057000 1.000 0.104000
62 189.13803 62.192688 0.08000000 1.000 0.073000
63 189.32620 62.197407 0.1055000 2.000 0.101000
65 189.35814 62.201834 0.08900000 1.000 0.087000
66 189.33161 62.201335 0.06970000 1.000 0.070000
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Table A.3: Equatorial coordinates and z part III

Galaxy Ra [deg] Dec [deg] z spec z spec �ag z phot
67 188.94834 62.201915 0.07870000 1.000 0.090000
68 189.34266 62.203519 0.1055000 2.000 0.011000
69 189.02920 62.204486 0.07880000 1.000 0.085000
70 189.37398 62.209942 0.1588000 2.000 0.161000
74 189.31627 62.211709 0.000000 0.000 0.097000
76 189.25928 62.212006 0.1070000 1.000 0.070000
77 189.02656 62.214747 0.1358000 1.000 0.149000
79 189.21417 62.216837 0.08900000 1.000 0.098000
80 189.27385 62.217589 0.1090000 1.000 0.120000
81 189.06522 62.218126 0.1700000 1.000 0.172000
82 188.99909 62.218144 0.000000 0.000 0.100000
87 189.09044 62.220473 0.2665000 2.000 0.277000
89 189.43150 62.222083 0.000000 0.000 0.186000
90 189.36006 62.222767 0.2991000 2.000 0.295000
91 189.42599 62.223736 0.1045000 2.000 0.153000
92 189.29898 62.224781 0.000000 0.000 0.015000
93 189.39083 62.227673 0.000000 0.000 0.210000
94 189.39951 62.227520 0.1044000 2.000 0.096000
95 189.00945 62.231191 0.000000 0.000 0.140000
96 189.05311 62.232334 0.2859000 1.000 0.282000
99 189.47135 62.235842 0.000000 0.000 0.048000
101 189.11426 62.236525 0.1055000 1.000 0.103000
103 189.47207 62.236531 0.06990000 1.000 0.055000
104 189.24746 62.234660 0.08900000 1.000 0.080000
108 189.44472 62.239042 0.2716000 2.000 0.285000
111 189.14613 62.241565 0.2965000 1.000 0.311000
112 189.03814 62.241135 0.07450000 1.000 0.070000
113 189.09569 62.241971 0.1906000 1.000 0.203000
114 189.23995 62.243862 0.2661000 1.000 0.269000
115 189.44348 62.243837 0.2986000 2.000 0.312000
118 189.24123 62.252002 0.1164000 1.000 0.115000
119 189.10083 62.254030 0.2210000 1.000 0.231000
122 189.11502 62.256681 0.2071000 2.000 0.105000
123 189.42621 62.255104 0.06990000 1.000 0.076000
124 189.20706 62.259516 0.2542000 2.000 0.248000
125 189.40563 62.259754 0.2349000 2.000 0.240000
126 189.45716 62.259131 0.1632000 1.000 0.185000
128 189.41219 62.261406 0.1900000 1.000 0.210000
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Table A.4: Equatorial coordinates and z part IV

Galaxy Ra [deg] Dec [deg] z spec z spec �ag z phot
129 189.41293 62.261775 0.1892000 1.000 0.210000
130 189.48138 62.263028 0.1888000 2.000 0.345000
132 189.35107 62.266069 0.000000 0.000 0.124000
133 189.12664 62.266291 0.2318000 1.000 0.235000
135 189.37497 62.266568 0.2171000 1.000 0.215000
136 189.45727 62.268382 0.000000 0.000 0.085000
137 189.51536 62.265747 0.1041000 1.000 0.050000
138 189.45164 62.276385 0.1180000 1.000 0.115000
139 189.51875 62.277098 0.2789000 2.000 0.289000
140 189.06699 62.277804 0.000000 0.000 0.030000
141 189.51873 62.279567 0.000000 0.000 0.245000
142 189.25179 62.279169 0.000000 0.000 0.084000
144 189.53326 62.280375 0.000000 0.000 0.020000
145 189.07836 62.283334 0.000000 0.000 0.233000
146 189.34876 62.285826 0.000000 0.000 0.005000
147 189.45112 62.285047 0.2533000 3.000 0.035000
149 189.50980 62.287007 0.2325000 2.000 0.250000
150 189.34336 62.288386 0.2320000 1.000 0.240000
151 189.50749 62.288013 0.2775000 2.000 0.300000
152 189.51810 62.290223 0.2780000 1.000 0.264000
153 189.35974 62.290493 0.2714000 1.000 0.288000
154 189.21445 62.292543 0.2122000 1.000 0.217000
155 189.36036 62.293388 0.2690000 2.000 0.135000
158 189.49710 62.298075 0.1786000 2.000 0.220000
159 189.40280 62.300645 0.1880000 1.000 0.165000
160 189.34122 62.301733 0.1166000 1.000 0.107000
161 189.48779 62.301396 0.1891000 1.000 0.213000
162 189.41554 62.302794 0.2715000 2.000 0.395000
163 189.28677 62.304999 0.2319000 1.000 0.235000
164 189.38391 62.307745 0.2462000 1.000 0.245000
166 189.40403 62.313490 0.2790000 2.000 0.395000
167 189.36643 62.304394 0.000000 0.000 0.082000
168 189.27891 62.371171 0.000000 0.000 0.153000
169 189.35448 62.368112 0.000000 0.000 0.087000
171 189.31297 62.364011 0.07540000 1.000 0.072000
172 189.29745 62.361801 0.1062000 2.000 0.097000
173 189.26733 62.356710 0.2977000 2.000 0.301000
174 189.26478 62.339516 0.2980000 1.000 0.303000
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Table A.5: Equatorial coordinates and z part V

Galaxy Ra [deg] Dec [deg] z spec z spec �ag z phot
176 189.32672 62.346331 0.2317000 1.000 0.230000
177 189.33804 62.338803 0.2546000 1.000 0.255000
178 189.30676 62.334519 0.000000 0.000 0.280000
179 189.31470 62.330229 0.1578000 2.000 0.053000
180 189.34047 62.334810 0.2110000 1.000 0.210000
181 189.17104 62.315358 0.2983000 1.000 0.283000
184 189.39224 62.320116 0.2059000 2.000 0.228000
187 189.21460 62.313228 0.1406000 2.000 0.134000
188 189.21093 62.317699 0.2532000 2.000 0.241000
189 189.23455 62.314765 0.2535000 1.000 0.246000
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A.2 UV morphology

Here is specifying the results of UV images. The second column indicates if the

camera of telescope captured UV image and the third column if this image has star

formation traces.

Table A.6: UV Morphology part I

Galaxy UV image Star formation
2 NO NO
3 NO NO
4 NO NO
5 NO NO
7 NO NO
8 NO NO
10 YES NO
11 YES NO
15 NO NO
16 NO NO
17 YES NO
18 NO NO
19 NO NO
20 NO NO
21 NO NO
23 YES NO
24 NO NO
26 YES NO
28 YES NO
29 YES NO
30 YES YES
31 NO NO
33 YES NO
34 YES YES
36 NO NO
37 YES YES
38 YES YES
39 NO NO
40 NO NO
42 YES NO
46 YES NO
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Table A.7: UV Morphology part II

Galaxy UV image Star formation
47 YES NO
50 YES NO
51 NO NO
52 YES NO
53 YES NO
54 YES NO
55 YES NO
56 YES YES
58 NO NO
59 NO NO
61 NO NO
62 YES NO
63 YES YES
65 YES YES
66 YES YES
67 NO NO
68 YES NO
69 NO NO
70 YES NO
74 YES NO
76 YES YES
77 NO NO
79 YES NO
80 YES YES
81 YES YES
82 NO NO
87 YES YES
89 YES NO
90 YES YES
91 YES YES
92 YES YES
93 YES NO
94 YES NO
95 YES NO
96 YES NO
99 NO NO
101 YES NO



90

Table A.8: UV Morphology part III

Galaxy UV image Star formation
103 NO NO
104 YES NO
108 YES NO
111 YES YES
112 YES YES
113 YES YES
114 YES NO
115 YES NO
118 YES YES
119 YES YES
122 YES YES
123 YES NO
124 YES NO
125 YES NO
126 NO NO
128 YES NO
129 YES NO
130 NO NO
132 YES YES
133 YES YES
135 YES YES
136 NO NO
137 NO NO
138 NO NO
139 NO NO
140 YES NO
141 NO NO
142 YES NO
144 NO NO
145 YES YES
146 YES NO
147 NO NO
149 NO NO
150 YES YES
151 NO NO
152 NO NO
153 YES NO
154 YES YES
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Table A.9: UV Morphology part IV

Galaxy UV image Star formation
155 YES NO
158 NO NO
159 NO NO
160 NO NO
161 NO NO
162 NO NO
163 YES NO
164 NO NO
166 NO NO
167 NO NO
168 NO NO
169 NO NO
171 NO NO
172 NO NO
173 NO NO
174 NO NO
176 NO NO
177 NO NO
178 NO NO
179 NO NO
180 NO NO
181 YES YES
184 NO NO
187 YES YES
188 YES YES
189 YES YES
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A.3 Mass and size relation

We present the measurements of stellar mass and the results of Petrosian Radius

at 20%, 50% and 90% light concentration.

Table A.10: Petrosian radius and stellar mass part I

Galaxy log Stellar mass [M�] log R20 [kpc] log R50 [kpc] log R90 [kpc]
2 7.894229 3.80058 2.01099 0.711942
3 7.955050 2.88680 1.63119 0.327717
4 7.749600 1.97671 1.29717 0.393780
5 8.009650 6.88680 4.31651 0.702228
7 8.357400 6.22229 2.90941 0.708513
8 8.611769 10.4586 3.69956 0.785584
10 8.211399 7.67778 5.65772 4.21156
11 8.376049 3.55965 1.74902 0.515437
15 8.748697 9.44366 3.41769 0.841246
16 8.120200 4.62062 2.10499 0.689244
17 8.137750 7.30999 4.13315 1.05685
18 7.732999 5.60353 3.64033 1.32866
19 7.684999 9.39042 4.21697 1.45187
20 8.643900 15.7789 4.07005 1.07021
21 8.205694 7.53512 4.43817 1.12595
23 8.332499 8.36584 4.35214 1.34007
24 8.414957 6.41536 2.30827 0.745254
26 7.363591 1.92139 1.01581 0.260028
28 8.175000 6.65786 3.45414 0.848770
29 8.500205 7.10915 3.98159 1.40642
30 8.648805 4.59358 2.17003 0.584436
31 6.975663 2.62448 1.54880 0.645753
33 8.119400 6.23746 2.71798 0.735598
34 8.545786 3.53843 1.52491 0.408887
36 7.638891 5.60113 3.04017 0.609782
37 7.778800 2.69602 1.53759 0.495703
38 7.849750 4.11973 2.22201 0.672889
39 7.942219 5.66598 2.94143 0.811141
40 8.105000 11.6535 7.10823 2.42043
42 7.853250 5.85128 2.73327 0.912778
46 8.933692 6.78410 4.21026 1.06618
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Table A.11: Petrosian radius and stellar mass part II

Galaxy log Stellar mass [M�] log R20 [kpc] log R50 [kpc] log R90 [kpc]
47 7.841949 5.63513 3.63163 0.937046
50 6.593497 2.08156 1.06342 0.256217
51 7.849000 1.99076 1.10726 0.312543
52 8.192149 8.20079 5.26187 1.80477
53 7.639999 6.59347 3.90391 2.21455
54 7.881899 3.94655 2.41820 0.741933
55 8.067305 6.49256 2.76316 0.757290
56 8.554600 4.94647 2.25181 0.617248
58 5.222999 0.280612 0.156109 0.0387823
59 8.691349 8.01458 3.98546 1.26058
61 7.844999 5.17891 2.72776 0.766109
62 8.094838 4.08077 2.72204 1.84152
63 8.469139 3.58573 1.33940 0.362850
65 7.931250 5.32329 2.46603 0.395086
66 7.960499 3.61954 1.56073 0.318043
67 8.482223 4.45040 2.14410 0.490528
68 7.875000 3.71644 2.37482 0.883049
69 7.977350 4.31238 2.75743 0.693875
70 7.919999 7.40816 3.09866 1.18909
74 7.679073 3.54086 2.01712 0.676674
76 7.554149 4.28087 2.45499 0.925534
77 8.799149 3.19931 1.61525 0.414054
79 7.166450 7.15921 2.83866 1.21845
80 7.879349 4.43442 2.48747 0.620732
81 7.393835 3.66328 1.69900 0.456060
82 7.083999 4.12582 1.97661 0.824818
87 8.315849 9.14181 3.98050 0.944250
89 7.569827 6.45165 4.19196 2.82581
90 8.193703 11.5358 3.72519 1.08278
91 8.286699 6.01529 3.19970 0.850630
92 6.068416 0.395380 0.207941 0.0470040
93 8.219328 6.96782 3.47322 1.14350
94 8.108549 7.75967 5.09363 1.78352
95 7.382200 4.75647 1.85035 0.753198
96 8.750360 5.27032 2.35991 0.635604
99 6.572650 1.00311 0.490482 0.111510
101 7.217299 3.66843 1.78513 0.609893
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Table A.12: Petrosian radius and stellar mass part III

Galaxy log Stellar mass [M�] log R20 [kpc] log R50 [kpc] log R90 [kpc]
103 8.064999 3.21408 2.03414 0.737987
104 8.342650 3.04304 1.98106 0.583075
108 8.607760 12.2191 6.36684 1.93319
111 8.233549 8.65344 4.09442 1.01742
112 7.655450 1.75880 0.988855 0.305672
113 8.884600 11.4987 4.51825 0.983633
114 8.518652 14.8385 8.18274 0.971082
115 8.943828 6.73726 3.07601 0.710803
118 7.124450 2.95045 1.64734 0.473956
119 8.204449 3.56800 1.88386 0.520485
122 7.939899 5.61446 3.13416 1.03693
123 9.121499 4.47881 1.44233 0.320312
124 8.432100 7.59048 3.79539 0.948902
125 7.778249 6.41555 3.86910 1.72795
126 8.547034 6.75827 3.76983 0.998065
128 8.003849 2.71217 1.53092 0.449946
129 7.901500 7.41817 5.56177 1.35253
130 8.612000 4.59362 2.19766 0.598505
132 7.269999 3.28602 1.87361 0.484562
133 8.345299 5.52593 3.01889 1.01303
135 8.207257 5.93727 2.83899 0.840127
136 7.280000 4.71564 1.61700 0.599487
137 8.474999 10.8239 6.09700 0.754695
138 7.358050 2.01809 1.10550 0.317975
139 8.502603 3.88460 1.96830 0.564636
140 6.293191 1.18292 0.481785 0.137477
141 8.230200 8.56221 4.02302 1.28851
142 7.548788 1.77976 0.961428 0.253570
144 6.546606 0.494974 0.326902 0.123194
145 8.049149 3.38601 1.75548 0.515059
146 5.205000 0.157637 0.0816669 0.0235634
147 6.269374 9.11708 4.80684 1.57597
149 8.464351 3.98764 2.23657 0.683197
150 8.154600 5.88948 3.44365 1.14490
151 8.362955 8.42559 4.22256 0.838557
152 8.186924 6.07283 2.85935 0.887493
153 8.771649 4.78132 2.48267 0.721585
154 8.152629 3.18543 1.59202 0.453493
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Table A.13: Petrosian radius and stellar mass part IV

Galaxy log Stellar mass [M�] log R20 [kpc] log R50 [kpc] log R90 [kpc]
155 8.245300 4.07596 1.98136 0.631547
158 8.173550 3.05824 1.69381 0.474307
159 7.754999 4.53330 2.35707 0.552235
160 7.674999 2.80874 1.66946 0.296883
161 8.642580 6.22713 3.82429 1.22057
162 7.919400 8.89495 5.68341 2.52084
163 8.818600 11.1586 3.60966 1.30139
164 8.296950 7.47646 3.17488 0.755432
166 8.019999 8.61322 4.42355 0.801320
167 7.334917 2.90058 1.33367 0.281621
168 7.866050 5.52725 3.26905 0.678887
169 7.986506 3.24187 1.41709 0.357150
171 6.760849 2.18206 1.03140 0.239687
172 7.450000 6.74598 4.12089 1.10921
173 8.676850 9.05700 3.56185 0.859520
174 8.235862 11.8894 4.22842 1.03360
176 8.771240 7.07947 3.52222 0.862083
177 8.240096 6.94593 2.97242 1.21891
178 7.561146 12.5375 8.84868 4.72034
179 7.604000 5.82257 2.70520 0.545696
180 8.706358 6.75291 1.94959 0.477566
181 8.211949 5.67538 2.46528 0.682742
184 8.594725 6.00065 3.02585 0.732933
187 7.425279 4.77493 2.81123 0.868124
188 8.348530 6.05582 2.65367 0.664097
189 8.866099 7.03785 3.24823 0.817321



96

A.4 Stellar mass, SFR and SSFR

We present the measurements of stellar mass and the results of SFR and SSFR.

Table A.14: Results of stellar mass, SFR and SSFR calculated using [1].

Galaxy log Stellar mass [M�] log SFR [M�/yr] log SSFR [1/yr]
30 8.648805 -1.421892 -10.070697
34 8.545786 -1.830843 -10.376629
37 7.778800 -2.046498 -9.825298
38 7.849750 -2.198421 -10.048171
56 7.639999 -1.810745 -9.450745
63 8.554600 -1.040976 -9.595576
65 8.469139 -2.537644 -11.006784
66 7.931250 -2.704891 -10.636141
76 7.960499 -2.692412 -10.652912
80 7.554149 -2.079903 -9.634053
81 7.879349 -2.076275 -9.955625
87 7.393835 -2.132148 -9.525983
90 8.286699 -2.550811 -10.837511
91 7.217299 -2.562565 -9.779865
92 8.233549 -1.180398 -9.413948
111 7.655450 -3.132976 -10.788426
112 8.884600 -1.374464 -10.259064
113 7.124450 -2.259294 -9.383744
118 8.204449 -1.610005 -9.814455
119 7.939899 -1.737104 -9.677004
122 8.432100 -1.520505 -9.952605
132 8.345299 -1.378672 -9.723972
133 8.207257 -2.220550 -10.427807
135 7.548788 -3.248344 -10.797132
145 8.049149 -2.145639 -10.194788
150 8.154600 -2.138985 -10.293585
154 8.152629 -1.386877 -9.539506
181 8.211949 -2.011810 -10.223760
187 7.425279 -2.694363 -10.119642
188 8.348530 -2.154694 -10.503224
189 8.866099 -1.271201 -10.137301
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Table A.15: Stellar mass, SFR and SSFR calculated with FAST [2].

Galaxy log Stellar mass [M�] log SFR [M�/yr] log SSFR [1/yr]
30 7.89 -2.05 -9.94
34 8.03 -1.91 -9.94
37 7.54 -1.80 -9.33
38 7.09 -3.64 -10.73
56 7.96 -2.78 -10.73
63 8.08 -2.65 -10.73
65 7.30 -2.04 -9.33
66 7.93 -2.02 -9.94
76 6.90 -3.83 -10.73
80 7.27 -2.67 -9.94
81 6.85 -1.06 -7.91
87 7.12 -3.61 -10.73
90 6.84 -3.89 -10.73
91 7.45 -3.28 -10.73
92 6.76 -3.19 -9.94
111 7.07 -2.97 -10.04
112 7.44 -2.50 -9.94
113 7.61 -3.13 -10.73
118 6.84 -1.32 -8.15
119 7.65 -2.29 -9.94
122 7.09 -3.65 -10.73
132 6.73 -1.28 -8.01
133 7.39 -3.34 -10.73
135 7.41 -2.63 -10.04
145 7.47 -1.96 -9.43
150 7.15 -3.59 -10.73
154 7.78 -2.17 -9.94
181 7.42 -2.61 -10.04
187 6.77 -3.96 -10.73
188 7.62 -1.81 -9.43
189 7.88 -1.55 -9.43
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