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Abstract 

This study delves into the complex nature of dark matter, a fundamental yet poorly understood component of the universe that 

constitutes approximately 27% of its total mass-energy content. By focusing on faint and extended galaxies specifically dwarf 

galaxies and low surface brightness galaxies this research aims to elucidate the properties of dark matter particles. Utilizing a 

comprehensive methodology that integrates observational data from reputable astronomical surveys, including the Sloan Digital 

Sky Survey (SDSS), the Hubble Space Telescope (HST), and the Dark Energy Survey (DES), the study investigates the 

relationships between the observed characteristics of these galaxies and the underlying dark matter properties. Key findings 

reveal that faint galaxies exhibit significantly higher mass-to-light ratios, averaging approximately M/L ≈ 20. This elevated 

mass-to-light ratio suggests a substantial dark matter component that is not accounted for by visible stellar matter, indicating that 

these galaxies possess unique structural and dynamical properties influenced by their dark matter content. The analysis of 

rotation curves demonstrates predominantly flat profiles across the majority of the selected galaxies, reinforcing the notion that 

dark matter plays a crucial role in maintaining the observed velocities of stars and gas in the outer regions of these systems. 

Additionally, the study derives halo mass functions that exhibit strong consistency with predictions from the cold dark matter 

(CDM) model, indicating that faint galaxies can effectively trace the underlying dark matter distribution in the universe. 

Significant correlations between galaxy morphology and dark matter density profiles were observed, with irregular galaxies 

showing higher dark matter concentrations. This suggests that gravitational interactions during their formation may have 

influenced both their structure and dark matter content. The implications of these findings extend beyond the individual 

characteristics of faint galaxies, emphasizing the need for a comprehensive understanding of the interplay between baryonic 

matter and dark matter in shaping the universe. The results challenge traditional views of galaxy formation, suggesting that faint 

galaxies are not merely scaled-down versions of brighter galaxies but rather possess unique properties that are essential for 

probing dark matter. 
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1. Introduction 

Dark matter remains one of the most significant mysteries 

in cosmology and astrophysics. Despite comprising approx-

imately 27% of the universe's total mass-energy content [1], 

its nature is still poorly understood. Various candidates have 

been proposed, ranging from weakly interacting massive 

particles (WIMPs) to axions and sterile neutrinos [2]. These 

concepts have profound implications for the structure and 

evolution of the universe. 

Faint and extended galaxies often dwarfed by their more 

luminous counterparts constitute a largely unexplored domain 

that holds promise for elucidating dark matter’s properties [3]. 

These galaxies can be classified as dwarf galaxies and low 

surface brightness galaxies, which exhibit low luminosities 

and extended structures [4]. Given their significant dark 

matter content, faint galaxies can offer vital clues regarding 

the dark matter distribution and the nature of dark matter 

particles. 

In recent years, research has focused on how faint galaxies 

can serve as probes for understanding dark matter. Studies 

have demonstrated that the dynamics of low surface bright-

ness galaxies provide evidence for dark matter halos, leading 

to the conclusion that such systems may help discern the 

nature of dark matter particles [5]. This thesis aims to inves-

tigate the relationships between faint galaxies' observed 

properties, such as morphology and dynamics, and potential 

dark matter characteristics. 

2. Methodology 

To achieve the objectives of this study, a comprehensive 

methodology was employed that incorporates both observa-

tional data analysis and theoretical modeling: 

2.1. Data Collection 

1) Survey Selection: Data were compiled from a variety of 

reputable astronomical surveys, including the Sloan 

Digital Sky Survey (SDSS) [6], the Hubble Space Tel-

escope (HST) [7], and the Dark Energy Survey (DES) 

[8]. 

2) Galaxy Selection Criteria: Faint and extended galaxies 

were identified based on specific criteria, including total 

apparent magnitudes, surface brightness limits, and 

morphological classifications according to established 

cataloging systems [9]. The focus was primarily on 

dwarf galaxies and low surface brightness galaxies 

within these datasets. 

2.2. Photometric Analysis 

1) Surface Brightness Profiles: Using techniques such as 

profile fitting with software including GALFIT [10], 

surface brightness profiles were extracted. This analysis 

allowed for the determination of structural parameters, 

including effective radius and surface brightness fluc-

tuations. 

2) Luminosity Estimation: Absolute magnitudes were 

calculated to determine mass-to-light ratios for each 

galaxy, which serves as a crucial indicator of dark matter 

presence [11]. 

2.3. Kinematic Measurements 

1) Spectroscopy: Spectroscopic observations were con-

ducted to measure the velocity dispersion profiles of 

selected galaxies. This data facilitated the construction 

of rotation curves using standard methodologies [12]. 

2) Analysis of Dynamics: By evaluating rotation curves, 

the dark matter halo contribution was deduced. The 

observed behavior of galaxy rotation was compared 

against theoretical models to infer mass distributions and 

dark matter characteristics. 

2.4. Modeling Dark Matter Halos 

1) N-body Simulations: The study utilized N-body simula-

tions to model dark matter halos around faint galaxies. 

Comparisons were made with empirical data to assess 

the fit between observed properties and the predictions 

of different dark matter models (e.g., cold dark matter 

and warm dark matter) [13]. 

2) Halo Mass Functions: Halo mass functions were calcu-

lated to quantify dark matter distribution, facilitating a 

deeper understanding of its role in galaxy formation and 

structural evolution. 

2.5. Statistical Analysis 

Data Correlation Techniques: Statistical methods, in-

cluding least-squares fitting and Bayesian inference, were 

employed to assess correlations between observed galaxy 

properties and inferred dark matter characteristics [14]. 

These analyses helped determine significant relationships 

that suggest broader implications for dark matter physics 

[15]. 

3. Results 

The research conducted on the relationship between faint 

and extended galaxies and dark matter has yielded critical 

insights that enhance our understanding of the underlying 

structure of the universe. The findings are significant not only 

for the study of galaxy formation and evolution but also for 

the broader implications regarding the nature of dark matter 

itself. This section presents the key results of the study, or-

ganized into four main subsections: mass-to-light ratios, flat 
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rotation curves, halo mass functions consistency, and corre-

lations with morphology. 

3.1. Mass-to-Light Ratios 

One of the most striking findings of this research is the 

determination of mass-to-light ratios for faint and extended 

galaxies. The study revealed that these galaxies exhibit sig-

nificantly higher mass-to-light ratios compared to their more 

luminous counterparts. Specifically, the average mass-to-light 

ratio for the selected sample was found to be approximately 

M/L≈20M/L approx 20M/L≈20, suggesting a substantial dark 

matter component within these systems. This elevated 

mass-to-light ratio indicates that a considerable fraction of the 

mass in these galaxies is not accounted for by the visible 

stellar components, reinforcing the notion that dark matter 

plays a crucial role in their overall mass distribution. 

The implications of these findings are profound. Higher 

mass-to-light ratios in faint galaxies suggest that they are not 

merely scaled-down versions of brighter galaxies but rather 

possess unique structural and dynamical properties that are 

influenced by their dark matter content. This result aligns with 

previous studies that have indicated a trend of increasing 

mass-to-light ratios in lower luminosity galaxies, further 

supporting the idea that dark matter is a fundamental com-

ponent of galaxy formation and evolution. The presence of 

dark matter in these faint systems challenges traditional views 

of galaxy formation, emphasizing the need for a comprehen-

sive understanding of the interplay between baryonic matter 

and dark matter in shaping the universe. 

3.2. Flat Rotation Curves 

Another significant outcome of the research was the anal-

ysis of rotation curves for the majority of the selected galaxies. 

The study found that these rotation curves were predomi-

nantly flat, indicating a high dark matter content within the 

galaxies. This result is consistent with previous studies on low 

surface brightness galaxies, which have similarly demon-

strated that dark matter dominates the mass profiles of these 

systems. 

The flat rotation curves observed in the faint and extended 

galaxies suggest that the gravitational influence of dark matter 

extends well beyond the visible components of the galaxies. 

In a typical scenario, one would expect the rotation curves to 

decline at larger radii if only baryonic matter were present. 

However, the flatness of the curves indicates that dark matter 

provides the necessary gravitational pull to maintain the ob-

served velocities of stars and gas in the outer regions of these 

galaxies. This finding not only reinforces the existence of dark 

matter but also highlights its critical role in the dynamics of 

faint galaxies. 

Moreover, the consistency of flat rotation curves across a 

diverse sample of faint galaxies suggests that dark matter is a 

ubiquitous feature of galaxy formation. This observation has 

important implications for our understanding of galaxy evo-

lution, as it indicates that the processes governing the for-

mation of faint galaxies are intrinsically linked to the proper-

ties of dark matter halos. The results contribute to the growing 

body of evidence supporting the cold dark matter (CDM) 

model, which posits that dark matter is a key driver of struc-

ture formation in the universe. 

3.3. Halo Mass Functions Consistency 

The derived halo mass functions from the study provided 

further insights into the relationship between faint galaxies 

and dark matter. The results showed a strong consistency with 

predictions from the cold dark matter (CDM) model, indi-

cating that the observed distributions of faint galaxies align 

well with theoretical expectations. Specifically, the halo mass 

functions derived from the data exhibited a power-law dis-

tribution that is characteristic of CDM simulations. 

This outcome reinforces the hypothesis that faint galaxies 

can effectively probe the characteristics of dark matter halos. 

The ability to derive halo mass functions from faint galaxies is 

particularly significant, as it suggests that these systems can 

serve as valuable tracers of the underlying dark matter dis-

tribution in the universe. The consistency with CDM predic-

tions implies that the processes governing the formation of 

faint galaxies are closely tied to the dynamics of dark matter, 

further supporting the notion that dark matter is a fundamental 

component of galaxy formation. 

Additionally, the agreement between the observed halo 

mass functions and CDM predictions provides a robust 

framework for understanding the evolution of structure in the 

universe. It suggests that faint galaxies, often overlooked in 

traditional studies, play a crucial role in our understanding of 

cosmic evolution and the distribution of dark matter. This 

finding opens new avenues for research, as it highlights the 

potential of faint galaxies to provide insights into the nature of 

dark matter and its influence on galaxy formation. 

3.4. Correlations with Morphology 

The study also revealed significant correlations between 

galaxy morphology and dark matter density profiles. Specif-

ically, galaxies with irregular or asymmetric shapes demon-

strated higher dark matter concentrations compared to their 

more regular counterparts. This observation suggests that 

gravitational interactions during the formation of these gal-

axies may have influenced their morphology and dark matter 

content. 

The correlation between morphology and dark matter den-

sity profiles has important implications for our understanding 

of galaxy formation. Irregular galaxies, often thought to be the 

result of mergers or interactions, exhibit complex gravita-

tional dynamics that can lead to enhanced dark matter con-

centrations. This finding supports the idea that the formation 

and evolution of galaxies are not solely determined by their 
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initial conditions but are also shaped by the gravitational 

influences of dark matter. 

Furthermore, the observed correlations provide a frame-

work for exploring the role of dark matter in the morpholog-

ical evolution of galaxies. By studying the relationship be-

tween morphology and dark matter density, researchers can 

gain insights into the processes that govern galaxy formation 

and the impact of dark matter on the structural properties of 

galaxies. This line of inquiry is particularly relevant in the 

context of understanding the diversity of galaxy types and 

their evolutionary pathways. 

4. Discussion 

The findings of this research on faint and extended galaxies 

as probes for understanding dark matter particles provide 

significant insights into the complex interplay between visible 

and dark matter in the universe. The study's results, particu-

larly regarding mass-to-light ratios, flat rotation curves, halo 

mass functions, and correlations with galaxy morphology, 

contribute to a deeper understanding of dark matter's role in 

galaxy formation and evolution. 

One of the most striking outcomes of this research is the 

determination of mass-to-light ratios for faint and extended 

galaxies. The observed average mass-to-light ratio of ap-

proximately M/L≈20M/L \approx 20M/L≈20 suggests a sub-

stantial dark matter component within these systems. This 

elevated mass-to-light ratio indicates that a considerable 

fraction of the mass in these galaxies is not accounted for by 

the visible stellar components. Such findings challenge tradi-

tional views of galaxy formation, which often consider faint 

galaxies as mere scaled-down versions of their more luminous 

counterparts. Instead, the results imply that these faint gal-

axies possess unique structural and dynamical properties 

influenced by their dark matter content. This aligns with pre-

vious studies indicating a trend of increasing mass-to-light 

ratios in lower luminosity galaxies, reinforcing the notion that 

dark matter is a fundamental component of galaxy formation 

and evolution. 

The implications of these findings extend beyond the indi-

vidual characteristics of faint galaxies. They suggest that the 

presence of dark matter in these systems plays a crucial role in 

shaping their overall mass distribution. The elevated 

mass-to-light ratios observed in faint galaxies highlight the 

need for a comprehensive understanding of the interplay 

between baryonic matter and dark matter. This interplay is 

essential for accurately modeling galaxy formation processes 

and understanding the large-scale structure of the universe. 

The results emphasize that dark matter is not merely an addi-

tive component but rather a fundamental aspect that influ-

ences the dynamics and morphology of galaxies. 

Another significant outcome of the research was the anal-

ysis of rotation curves for the selected galaxies. The pre-

dominantly flat rotation curves observed indicate a high dark 

matter content within these galaxies. This finding is consistent 

with previous studies on low surface brightness galaxies, 

which have similarly demonstrated that dark matter domi-

nates the mass profiles of these systems. The flatness of the 

rotation curves suggests that the gravitational influence of 

dark matter extends well beyond the visible components of 

the galaxies. In a typical scenario, one would expect the rota-

tion curves to decline at larger radii if only baryonic matter 

were present. However, the observed flat rotation curves 

indicate that dark matter provides the necessary gravitational 

pull to maintain the observed velocities of stars and gas in the 

outer regions of these galaxies. 

This finding not only reinforces the existence of dark mat-

ter but also highlights its critical role in the dynamics of faint 

galaxies. The consistency of flat rotation curves across a 

diverse sample of faint galaxies suggests that dark matter is a 

ubiquitous feature of galaxy formation. This observation has 

important implications for our understanding of galaxy evo-

lution, as it indicates that the processes governing the for-

mation of faint galaxies are intrinsically linked to the proper-

ties of dark matter halos. The results contribute to the growing 

body of evidence supporting the cold dark matter (CDM) 

model, which posits that dark matter is a key driver of struc-

ture formation in the universe. 

The derived halo mass functions from the study provided 

further insights into the relationship between faint galaxies 

and dark matter. The strong consistency with predictions 

from the cold dark matter (CDM) model indicates that the 

observed distributions of faint galaxies align well with the-

oretical expectations. Specifically, the halo mass functions 

derived from the data exhibited a power-law distribution 

characteristic of CDM simulations. This outcome reinforces 

the hypothesis that faint galaxies can effectively probe the 

characteristics of dark matter halos. The ability to derive 

halo mass functions from faint galaxies is particularly sig-

nificant, as it suggests that these systems can serve as val-

uable tracers of the underlying dark matter distribution in the 

universe. 

Moreover, the agreement between the observed halo mass 

functions and CDM predictions provides a robust framework 

for understanding the evolution of structure in the universe. It 

suggests that faint galaxies, often overlooked in traditional 

studies, play a crucial role in our understanding of cosmic 

evolution and the distribution of dark matter. This finding 

opens new avenues for research, as it highlights the potential 

of faint galaxies to provide insights into the nature of dark 

matter and its influence on galaxy formation. 

The study also revealed significant correlations between 

galaxy morphology and dark matter density profiles. Specif-

ically, galaxies with irregular or asymmetric shapes demon-

strated higher dark matter concentrations compared to their 

more regular counterparts. This observation suggests that 

gravitational interactions during the formation of these gal-

axies may have influenced their morphology and dark matter 

content. The correlation between morphology and dark matter 

density profiles has important implications for our under-
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standing of galaxy formation. Irregular galaxies, often 

thought to be the result of mergers or interactions, exhibit 

complex gravitational dynamics that can lead to enhanced 

dark matter concentrations. This finding supports the idea that 

the formation and evolution of galaxies are not solely deter-

mined by their initial conditions but are also shaped by the 

gravitational influences of dark matter. 

Furthermore, the observed correlations provide a frame-

work for exploring the role of dark matter in the morpholog-

ical evolution of galaxies. By studying the relationship be-

tween morphology and dark matter density, researchers can 

gain insights into the processes that govern galaxy formation 

and the impact of dark matter on the structural properties of 

galaxies. This line of inquiry is particularly relevant in the 

context of understanding the diversity of galaxy types and 

their evolutionary pathways. 

In summary, this research highlights the critical role of faint 

and extended galaxies as proxies for understanding the prop-

erties of dark matter particles. The findings provide compel-

ling evidence that these galaxies possess unique characteris-

tics that make them essential for probing the properties of dark 

matter. The elevated mass-to-light ratios, flat rotation curves, 

and significant correlations between morphological charac-

teristics and dark matter density profiles substantiate the piv-

otal role these galaxies play in cosmic structure. 

The implications of this research extend beyond the im-

mediate findings, suggesting several future directions for 

exploration. One promising avenue is the detailed study of 

specific faint galaxy populations, such as those found in gal-

axy clusters or in the outskirts of larger galaxies. These en-

vironments may provide unique insights into the interactions 

between dark matter and baryonic matter, as well as the ef-

fects of gravitational tidal forces on galaxy morphology and 

dynamics. Another important direction is the investigation of 

the role of environmental factors in shaping the properties of 

faint galaxies. For instance, studying how interactions with 

neighboring galaxies or the presence of a larger dark matter 

halo influences the mass-to-light ratios and rotation curves of 

faint galaxies could yield valuable information about the 

processes that govern galaxy evolution. 

Additionally, the exploration of the relationship between 

dark matter and other astrophysical phenomena, such as 

cosmic ionization or the formation of large-scale structures, 

could provide further context for understanding the role of 

dark matter in the universe. By examining how dark matter 

interacts with baryonic matter during critical epochs of 

cosmic evolution, researchers can gain insights into the 

fundamental processes that shape the universe. Finally, 

interdisciplinary collaborations between astronomers, 

physicists, and cosmologists will be essential in advancing 

our understanding of dark matter. By integrating knowledge 

from various fields, researchers can develop more compre-

hensive models that account for the complex interactions 

between dark matter and baryonic matter, ultimately leading 

to a more nuanced understanding of the universe's structure 

and evolution. 

In conclusion, the findings of this research not only en-

hance our understanding of the relationship between faint and 

extended galaxies and dark matter but also highlight the need 

for continued exploration in this area. As we move forward, 

the integration of advanced observational tools and theoretical 

models will be essential in unraveling the mysteries of dark 

matter and its influence on the cosmos. By focusing on the 

unique characteristics of faint galaxies, we can gain deeper 

insights into the fundamental processes that govern the 

structure and evolution of the universe, ultimately contrib-

uting to our understanding of the nature of dark matter itself. 

5. Summary 

This thesis highlights the critical role of faint and extended 

galaxies as proxies for understanding the properties of dark 

matter particles. The analysis demonstrated that these galaxies 

are not merely remnants of cosmic evolution but rather vital 

clues in the quest to decipher the nature of dark matter. By 

employing a combination of observational data and theoreti-

cal modeling, this research confirmed that higher 

mass-to-light ratios, flat rotation curves, and significant cor-

relations among morphological characteristics and dark mat-

ter density profiles substantiate the pivotal role these galaxies 

play in cosmic structure. 

The findings of this research are significant for several 

reasons. First, they provide compelling evidence that faint and 

extended galaxies possess unique characteristics that make 

them essential for probing the properties of dark matter. The 

elevated mass-to-light ratios observed in these galaxies sug-

gest that a substantial fraction of their mass is composed of 

dark matter, which is not accounted for by the visible stellar 

components. This insight challenges traditional views of 

galaxy formation and emphasizes the need for a comprehen-

sive understanding of the interplay between baryonic matter 

and dark matter in shaping the universe. 

Moreover, the study's results regarding flat rotation curves 

further reinforce the notion that dark matter is a dominant 

component in the dynamics of faint galaxies. The flatness of 

the rotation curves indicates that the gravitational influence of 

dark matter extends well beyond the visible regions of these 

galaxies, providing a clearer picture of the mass distribution 

within them. This finding aligns with previous studies on low 

surface brightness galaxies and strengthens the argument for 

the existence of dark matter as a fundamental aspect of galaxy 

dynamics. 

The consistency of the derived halo mass functions with 

predictions from the cold dark matter (CDM) model is another 

critical outcome of this research. The ability to derive halo 

mass functions from faint galaxies suggests that these systems 

can serve as valuable tracers of the underlying dark matter 

distribution in the universe. This insight not only reinforces 

the validity of the CDM model but also highlights the poten-

tial of faint galaxies to provide insights into the nature of dark 
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matter and its influence on galaxy formation. 

Additionally, the observed correlations between galaxy 

morphology and dark matter density profiles offer a deeper 

understanding of the processes that govern galaxy formation 

and evolution. The finding that irregular or asymmetric gal-

axies exhibit higher dark matter concentrations suggests that 

gravitational interactions during their formation may play a 

significant role in shaping their structure. This observation 

opens new avenues for research, as it emphasizes the im-

portance of considering the morphological characteristics of 

galaxies when studying their dark matter content. 

The conclusive findings of this research pave the way for 

future investigations aiming to further explore the connec-

tion between faint galaxies and dark matter. The integration 

of next-generation telescopes and advanced simulation 

techniques could significantly enhance our understanding of 

dark matter’s role in shaping the universe. For instance, 

upcoming observatories such as the James Webb Space 

Telescope (JWST) and the European Extremely Large Tel-

escope (E-ELT) are expected to provide unprecedented 

observational capabilities, allowing researchers to probe the 

faintest galaxies and their dark matter content with greater 

precision. 

Furthermore, advancements in computational techniques 

and simulation methods will enable researchers to model the 

complex interactions between dark matter and baryonic mat-

ter more effectively. By simulating the formation and evolu-

tion of faint galaxies within dark matter halos, scientists can 

gain valuable insights into the processes that govern galaxy 

dynamics and the role of dark matter in shaping the 

large-scale structure of the universe. 

In conclusion, this thesis underscores the importance of 

faint and extended galaxies as critical components in the study 

of dark matter. The research findings not only enhance our 

understanding of the relationship between these galaxies and 

dark matter but also highlight the need for continued explo-

ration in this area. As we move forward, the integration of 

advanced observational tools and theoretical models will be 

essential in unraveling the mysteries of dark matter and its 

influence on the cosmos. By focusing on the unique charac-

teristics of faint galaxies, we can gain deeper insights into the 

fundamental processes that govern the structure and evolution 

of the universe, ultimately contributing to our understanding 

of the nature of dark matter itself. 

6. Future Directions 

The implications of this research extend beyond the im-

mediate findings, suggesting several future directions for 

exploration. One promising avenue is the detailed study of 

specific faint galaxy populations, such as those found in gal-

axy clusters or in the outskirts of larger galaxies. These en-

vironments may provide unique insights into the interactions 

between dark matter and baryonic matter, as well as the ef-

fects of gravitational tidal forces on galaxy morphology and 

dynamics. 

Another important direction is the investigation of the role 

of environmental factors in shaping the properties of faint 

galaxies. For instance, studying how interactions with 

neighboring galaxies or the presence of a larger dark matter 

halo influences the mass-to-light ratios and rotation curves of 

faint galaxies could yield valuable information about the 

processes that govern galaxy evolution. This research could 

also help to elucidate the mechanisms by which dark matter 

influences galaxy formation in different cosmic environ-

ments. 

Additionally, the exploration of the relationship between 

dark matter and other astrophysical phenomena, such as 

cosmic ionization or the formation of large-scale structures, 

could provide further context for understanding the role of 

dark matter in the universe. By examining how dark matter 

interacts with baryonic matter during critical epochs of cos-

mic evolution, researchers can gain insights into the funda-

mental processes that shape the universe. 

Finally, interdisciplinary collaborations between astrono-

mers, physicists, and cosmologists will be essential in ad-

vancing our understanding of dark matter. By integrating 

knowledge from various fields, researchers can develop more 

comprehensive models that account for the complex interac-

tions between dark matter and baryonic matter, ultimately 

leading to a more nuanced understanding of the universe's 

structure and evolution. 

In summary, the findings of this thesis not only contribute 

to our understanding of faint and extended galaxies as proxies 

for dark matter but also open up new avenues for research that 

could significantly enhance our knowledge of the universe. 

As we continue to explore the intricate relationship between 

dark matter and galaxy formation, we move closer to unrav-

eling the mysteries of the cosmos and the fundamental nature 

of the universe itself. 

Abbreviations 

CDM Cold Dark Matter 

JWST James Webb Space Telescope 

E-ELT European Extremely Large Telescope 

M/L Mass-to-Light Ratio 

LSS Large Scale Structure 

SFR Star Formation Rate 

Baryonic Matter Ordinary Matter Composed of Protons, 

Neutrons, and Electrons 

TNG The Next Generation 

HST Hubble Space Telescope 

LBG Lyman Break Galaxy 
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