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SIMULATING THE DYNAMIC OF SUPERMASSIVE BLACK HOLES ON 

THE FORMATION OF DWARF GALAXIES 

 

Abstract: This study explores the influence of supermassive black holes (SMBHs) on the formation and evolution 

of dwarf galaxies. It addresses the limited understanding of SMBH prevalence and their feedback effects in low-mass 

galactic environments. Using observational data from the Hubble Space Telescope (HST), Chandra X-ray 

Observatory, and the James Webb Space Telescope (JWST), along with spectroscopic analysis and computational 

simulations, the study examines SMBH signatures, star formation impacts, and structural effects. The methodology 

integrates multi-wavelength imaging and hydrodynamic modeling to assess how SMBHs regulate gas dynamics and 

star formation. Key findings suggest that SMBHs exist in many dwarf galaxies, influencing both galactic morphology 

and evolution through feedback processes. The results contribute to refining galaxy formation models by highlighting 

SMBH activity outside massive galaxies. Practical implications include improved SMBH detection in low-luminosity 

environments and enhanced simulation parameters for early-universe modeling. This research fills gaps in SMBH 

studies by aligning theoretical models with emerging observations, offering a new lens on galactic evolution and the 

role of black holes in the early cosmos. 
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1. Introduction  

1.1. Research Background 

Normally supermassive black holes are found in 

large galaxies where they were consider crucial for 
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building the galactic structure influencing the star 

formation and even regulating the gas dynamics of the 

galaxies. New findings indicate that SMBHs might 

also be present in dwarf galaxies, less massive systems 

in terms of stars and gases. Investigation of SMBHs in 

such environments is important since it contradicts the 

standard theories of galaxy formation and evolution. 

Knowing about SMBHs inside dwarf galaxies 

might show ideas on the way such black holes come 

into being and increase their size across cosmic 

periods. If large black holes are frequent in dwarf 

galaxies, it implies that they could exist in the 

universe’s early stages and might have served as the 

basis for the much larger black holes seen in large 

galaxies today. Such facts have an effect on the 

models of black hole growth, the formation of galaxies 

in terms of hierarchy as well as the role played by 

SMBHs within the cosmic web. 

Supermassive black holes affect several 

fundamental physical processes within galaxies. The 

first of these processes is Star Formation Regulation: 

SMBHs emit energy through processes of accretion, 

which can either trigger or inhibit star formation. 

High-energy radiation and winds from SMBHs can 

heat surrounding gas, preventing it from cooling so 

that it does not condense to form new stars. In cases 

where SMBH-driven turbulence compresses clouds of 

gas, it can then trigger star formation. Compact 

monsters at galaxy centers can drive galactic winds, 

throwing gas out from the middle regions of galaxies. 

These outflows affect the supply of cold gas crucial 

for star birth and can change the galaxy’s growth. 

Knowing these links in dwarf galaxies is key because 

their shallow gravitational pull makes them more open 

to outside impacts like compact monster feedback. 

The shape of a dwarf galaxy and its dynamic elliptical 

shape may be linked to supermassive black holes. 

These could perturb central mass distribution. 

Thereby changing rotation curves and profiles of dark 

matter. These data will shed light on the roles black 

holes play in the morphology of dwarf galaxies.  

The scientific motivation behind studying 

supermassive black holes in dwarf galaxies lies in 

understanding the early stages of their formation. If 

these black holes are found in a significant proportion 

of dwarf galaxies, it suggests they formed in the early 

universe, perhaps through direct collapse mechanisms 

rather than stellar remnants. Research on 

supermassive black holes in low-mass environments 

can determine whether black hole formation is a 

cosmic phenomenon that encompasses different types 

of galaxies. Current models of galaxy evolution focus 

primarily on large galaxies, while smaller galaxies 

follow a different evolutionary path. Studying 

supermassive black holes in dwarf galaxies can be 

seen as a test of whether current models need to be 

generalized or modified to include smaller structures. 

Small galaxies are often surrounded by dark matter, 

making them ideal locations to study their interactions 

with supermassive black holes. The interaction 

between these black holes, dark matter halos, and stars 

can reveal new insights into the role of gravity and 

feedback mechanisms in the formation of the 

universe. Dwarf galaxies will be observed and studied 

in detail by the James Webb Space Telescope, in 

addition to upcoming surveys from the Euclid Space 

Telescope. This data, along with optical and radio 

data, may provide new insights into the activity of 

supermassive black holes and their effects on their 

surrounding environment. 

 

1.2. Research Problem 

Supermassive black holes are a common feature 

in massive galaxies, while their presence in dwarf 

galaxies remains less clear. Unlike in massive 

galaxies, where the activity of supermassive black 

holes is thought to regulate star formation and thus 

guide overall galactic evolution, information about 

their impact on dwarf galaxies is very limited. Some 

studies suggest that supermassive black holes in dwarf 

galaxies formed early and evolved concurrently with 

the galaxies themselves, while others suggest they are 

relatively rare or fundamentally different due to the 

low gravity of these galaxies. The available 

observational data are insufficient to draw any 

definitive conclusions about the importance of 

supermassive black holes in dwarf galaxies. 

Supermassive black holes can influence star 

formation and the distribution of matter in galaxies 

through feedback mechanisms in massive galaxies. 

These black holes produce powerful jets and radiation 

that may inhibit or stimulate star formation in dwarf 

galaxies where the center of gravity is shallower. The 

outflows from supermassive black holes may be much 

larger, potentially driving gas out of the galaxy and 

halting star formation. Conversely, supermassive 

black holes may stimulate star formation by 

compressing gas clouds. These effects are poorly 

understood in dwarf galaxies, prompting research into 

how supermassive black holes influence their 

environments. 

Observations in low mass or dwarf galaxies have 

not yet provided sufficient clarity to support certain 

theoretical models. Most observations detect 

supermassive black holes indirectly, for example, 

through X-ray and radio wave signatures, and very 

little direct information is available regarding the 

masses of supermassive black holes and their impact 

on the properties of their host galaxies. Another 

limitation is that current galaxy formation simulations 

focus primarily on supermassive galaxies, resulting in 

less sophisticated models for dwarf galaxies. 

Therefore, the theoretical model of supermassive 

black holes in dwarf galaxies needs refinement to 

better explain future observations. Bridging this gap 

requires in-depth monitoring programs, high-

resolution simulations, and comprehensive 

comparative studies of different classes of galaxies, in 
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order to gain a deeper understanding of the role of 

supermassive black holes in dwarf galaxies. 

 
1.3. Research Objectives 

One of the prime goals of this work is to 

determine the prevalence of SMBHs in dwarf galaxies 

and study their physical properties. These involve 

observations, for instance by X-ray emissions, radio 

signals, and spectroscopic analyses of galactic centers, 

to detect SMBHs. The paper also intends to answer 

whether or not the SMBHs in dwarf galaxies have 

similar characteristic features as those in massive 

galaxies—masses, accretion rates, and activity levels. 

Such information can be useful in giving information 

on how such black holes formed and evolved in low-

mass environments. 

SMBHs may affect star formation and gas 

dynamics in different ways, for instance by giving rise 

to powerful winds and outflows which control the 

availability of star-forming material. It will be 

discussed in this work what kind of effect SMBHs 

impose on the interstellar medium in dwarf galaxies: 

do they contribute via feedback mechanisms towards 

gas depletion, or do they support star formation by 

compressing gas clouds? Data from telescopes such as 

Hubble and Chandra and, in the future, the James 

Webb will be able to infer the motion of gas, while 

simulations can help in any such modeling effort to 

mimic the interaction between the SMBH and its 

immediate surroundings. 

Dwarf galaxies are more susceptible to external 

influences due to their lower gravitational potential. 

SMBHs could play a major role in the evolution and 

reshaping of galaxy properties through redistribution 

of matter, modification of rotation curves, or even 

feedback on the distribution of dark matter. We test 

here if SMBHs can affect morphological evolution on 

dwarf galaxy scales and if they can initiate galactic 

mergers or transformations during cosmic time. This 

research tries to find a more faithful representation, in 

the long-term morphological evolution of dwarf 

galaxies, between observational data and theoretical 

models. 

 

1.4. Research Significance 

Although supermassive black holes in large 

galaxies are well understood, information about their 

presence and effects in small galaxies is very limited. 

The proposed research aims to bridge this gap by 

providing observational data and theoretical 

explanations that contribute to a clearer picture of 

supermassive black holes in low-mass environments. 

Understanding these phenomena will enhance our 

understanding of early black hole formation and their 

role in the structure of the universe as a whole. 

Most of today’s models for galaxy evolution are 

built on what big black holes do in large galaxies. If 

big black holes are seen to be many in small galaxies, 

then these models might have to change to include the 

impacts of such holes in tinier systems. Here, we will 

look at how those big black holes interact with their 

hosts in the dwarf galaxies, affecting the gas 

dynamics, star formation, and structural evolution. 

Such results would likely open new vistas on 

hierarchical galaxy formation and the role of 

supermassive black holes in shaping galaxies over 

cosmic time. 

Advances in telescope technology, such as those 

of the James Webb Space Telescope (JWST) and the 

Vera C. Rubin Observatory, are enabling more 

detailed views of supermassive black holes in dwarf 

galaxies. By analyzing data from these and other 

locations, this work will lay the foundation for future 

research. The findings may improve how we observe 

supermassive black holes in faint galaxies from an 

observational perspective and add value to large-scale 

astronomical searches for these black holes in diverse 

environments. 

 

2. Literature Review 

New studies have given strong proof for the 

existence of supermassive black holes (SMBHs) in 

dwarf galaxies, which goes against the old idea that 

such huge objects belong only to big galaxies. Reines 

et al.[1] carried out a thorough analysis using data 

from the Sloan Digital Sky Survey (SDSS) focused on 

emission-line dwarf galaxies within a range of stellar 

masses between 108.5 to 109.5 solar masses. In their 

study, optical spectroscopic signatures of 151 dwarf 

galaxies were identified, showing such features as to 

accrete onto massive black holes. This considerably 

increased the known numbers of active dwarf galaxies 

and implied that supermassive black holes are more 

common in low-mass galaxies than previously 

thought. Extending this base, Baldassarre et al.[2] 

studied the midget flattened galaxy RGG 118, 

positioned approximately 340 million light-years 

away from Earth. They checked for the existence of 

an SMBH at its center, estimating its mass to be about 

50,000 solar masses by means of high-resolution 

spectroscopy and X-ray observations. This is one of 

the least massive SMBHs known to exist within a 

galaxy's core, leading to some view of the bottom 

mass limits of SMBHs within dwarf galaxies. All 

these findings show that SMBHs can be in dwarf 

galaxies, changing how we see black hole formation 

and growth in small places. Finding AGN in these 

galaxies, shows that we really need more studies to 

find out the ways that make big black holes form and 

do things in small galaxies.  

Martín-Navarro et al.[3] examined the influence 

of SMBHs on the dispersion of cold gas crucial for 

star formation. They found that in galaxies with more 

massive central black holes, the amount of cold gas 

decreases hence lowering the rate of star formation. 

SMBHs have the potential to do two things on the gas: 

one is to heat it so high that it cannot get to the point 

of condensing into stars, and secondly, to blow it out 
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completely from the galaxy through powerful 

outflows. This result adds weight to the hypothesis 

that SMBHs are mainly responsible for quenching star 

formation in massive galaxies. 

These findings show how supermassive black 

holes play a complicated part in galaxy development 

because they can control and stop star birth in different 

ways. 

Hopkins et al.[4] presented a detailed model 

indicating that the merger of gas-rich galaxies leads to 

nuclear gas fluxes, which fuel star-forming explosions 

and promote the growth of supermassive black holes. 

Their simulations suggested that the influence of 

supermassive black holes could regulate star 

formation and affect the structural properties of 

galaxies, including dwarf galaxies. The paper 

highlighted supermassive black holes as key players 

in driving the internal dynamics within a galaxy 

during and after the merger process. 

Bellovary et al.[5] used cosmological 

hydrodynamical simulations to study supermassive 

black hole behavior in dwarf galaxies. It was found 

that supermassive black holes could become 

misaligned from dwarf galaxy centers due to 

phenomena such as mergers. The off-centered 

supermassive black holes affect the dark matter and 

gas distributions in the galaxy, possibly observable 

through signatures. Results pointed to a complicated 

interaction between supermassive black holes and the 

evolution of their host galaxies. 

These studies underline the very important part 

that SMBHs play in the processes of evolution of 

dwarf galaxies, affecting both their internal dynamics 

and distribution of matter. 

 

3.  Research Gaps 

Despite growing evidence of supermassive black 

holes (SMBHs) in dwarf galaxies, several research 

gaps remain. These gaps highlight the need for further 

observational studies, improved theoretical models, 

and better integration between the two approaches to 

understand the full impact of SMBHs on dwarf galaxy 

evolution. 

3.1 The Need for More Observational Data on 

SMBHs in Dwarf Galaxies 

The present proof of SMBHs in dwarf galaxies 

rests on most directly observed indirect detections, 

(X-ray and radio emissions, broad emission lines, and 

dynamical modeling). This is very much, however, an 

observational artifact limited by limits in resolution, 

sensitivity, and sample size. Most SMBH detections 

in dwarfs are from AGN, so many SMBHs can be in 

quiescence, and hence very hard to find with 

traditional methods. Future deep-sky surveys, such as 

those from the Vera C. Rubin Observatory and the 

James Webb Space Telescope (JWST), could help 

uncover more SMBHs in dwarf galaxies. High-

resolution imaging and spectroscopic analysis are 

needed to confirm SMBH presence and determine 

their physical properties. 

 

3.2 The Unclear Temporal Impact of SMBHs 

on the Evolution of These Galaxies 

While studies suggest that SMBHs influence star 

formation and gas dynamics in dwarf galaxies[4], the 

long-term evolutionary effects remain uncertain. The 

timescale over which SMBH feedback regulates star 

formation and structural changes is not well 

understood. It is suggested by some models that 

SMBHs in dwarf galaxies might be undergoing 

episodic activity, influencing their hosts at different 

evolutionary stages. Observations from several 

cosmic epochs are needed to trace how SMBHs mold 

dwarf galaxies over the billion-year course. 

Simulations should be those that take into account 

different evolutionary paths, including galaxy 

interactions and environmental effects. 

 

3.3 The Lack of Integration between 

Theoretical Models and Observational Data in 

Previous Studies 

While theoretical simulations predict the 

existence and impact of SMBHs in dwarf galaxies, 

there is a lack of direct observational confirmation. 

Hydrodynamic simulations predict SMBHs affecting 

dark matter and gas distribution, but scanty 

observational data has confirmed these interactions. 

The theoretical models are often based on idealized 

environments, whereas many external effects, such as 

cosmic inflow, galaxy mergers, and ISM turbulence, 

influence a real galaxy. An enhanced data-driven 

modeling approach that considers real observational 

constraints would be necessary for theory sharpening 

regarding the evolution of SMBHs in dwarf galaxies. 

In limited Observational Data Most SMBHs in dwarf 

galaxies are detected indirectly, and quiescent 

SMBHs remain undetected. Use JWST, Rubin 

Observatory, and deep spectroscopic surveys to 

expand SMBH detections. The long-term effect of 

SMBHs on star formation and structure remains 

unclear. Study galaxies across different cosmic 

epochs to track SMBH influence over time. Lack of 

Integration Between Theory & Observation 

Simulations predict SMBHs' role in galaxy evolution, 

but direct confirmation is scarce. Develop models 

incorporating real observational constraints. 

Addressing these research gaps will improve our 

understanding of how SMBHs influence the formation 

and evolution of dwarf galaxies, contributing to 

broader models of galaxy formation in the universe. 

 

4. Recent Developments in SMBH Research 

in Dwarf Galaxies (2021–2024) 

Recent literature has expanded the empirical and 

theoretical landscape surrounding supermassive black 

holes (SMBHs) in dwarf galaxies. For example, 

Mezcua et al. (2022)[6] utilized the VIPERS survey to 
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identify overmassive SMBHs in low-mass galaxies up 

to redshift 0.9, challenging previous assumptions 

about their formation limits. Pascale et al. (2022)[7] 

investigated Leo I, a dwarf spheroidal galaxy, and 

placed new constraints on its central black hole, 

arguing it may only host an intermediate-mass black 

hole. These findings suggest the black hole mass 

spectrum in dwarf systems is broader than previously 

understood. 

Simulation-based research has also advanced. 

Habouzit et al. (2021) [5.8] examined the SMBH–

stellar mass relationship using high-resolution 

cosmological simulations, offering insights into 

SMBH growth under low-mass halo conditions. 

Taylor and Kobayashi (2021) [9] modeled SMBH 

feedback and showed its effect on gas cooling and star 

formation suppression in dwarf systems. Volonteri et 

al. (2019) [10,11] explored early black hole seeding 

and cosmological evolution, providing a theoretical 

framework consistent with recent JWST detections. 

Moreover, observational efforts have improved 

SMBH detection in dusty, low-luminosity dwarfs 

using JWST and Chandra synergy. For instance, Cann 

et al. (2021) [12] reported off-nucleus SMBH 

accretion signatures in metal-poor dwarfs, revealing 

potentially displaced AGN activity—a finding 

supported by Bellovary et al. (2021) [5] simulations. 

These cases suggest SMBHs in dwarfs are not always 

centrally located, possibly due to recent mergers or 

weak gravitational binding. These updated findings 

reinforce the idea that SMBHs in dwarf galaxies are 

more common, more dynamic, and more diverse than 

traditional models predicted. They underscore the 

need for updated observational frameworks and 

simulations that capture the stochastic nature of 

SMBH evolution in shallow potential wells. 

 

 

5. Methodology 

5.1. Observational Data Collection 

This work carries out a multi- wavelength 

observation in studying SMBHs in dwarf galaxies. In 

this work, HST, Chandra, and JWST data are used for 

SMBH activity detection and analysis. 

 

5.1.1. Data Sources 

(a) Hubble Space Telescope (HST) 

HST provides high-resolution optical and near-

infrared imaging, essential for detecting galactic 

nuclei and possible SMBH signatures in dwarf 

galaxies. Its imaging capabilities allow for the 

identification of morphological disturbances that 

might be linked to SMBH activity [4]. 

 

Key Features: Captures high-resolution images 

to identify galactic structures and nuclei. Assists in 

SMBH detection by locating bright active galactic 

nuclei (AGN). Detects star-forming regions 

influenced by SMBH activity. 

Figure 1 illustrates how HST contributes to 

galaxy imaging and the detection of AGN activity. 

 

 
Figure 1: The Hubble Space Telescope and Its Role in SMBH Observations 

(Source: NASA/ESA, 2023) 

 

(b) Chandra X-ray Observatory 

The Chandra X-ray Observatory plays a crucial 

role in detecting X-ray emissions from SMBHs, 

particularly those with active accretion disks [5]. 

Since SMBHs emit high-energy X-rays, Chandra 

allows us to detect them even in low-mass dwarf 

galaxies. 

Key Features: Detects X-ray emissions from 

accreting SMBHs, distinguishing them from stellar 

sources. Identifies low-luminosity AGN, confirming 

SMBH presence in dwarf galaxies. Traces hot gas 

outflows driven by SMBH feedback. See Figure 2 
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Figure 2: Chandra’s X-ray Imaging for SMBH Detection 

(Source: NASA/Chandra, 2023) 

 

 

(c) James Webb Space Telescope (JWST) 

JWST’s infrared capabilities allow it to penetrate 

dust and observe heavily obscured SMBHs. It is 

particularly useful for detecting SMBHs in low-

luminosity, faint dwarf galaxies [13]. 

Key Features: Infrared imaging detects obscured 

SMBHs in dusty galactic centers. Spectral analysis of 

gas and dust surrounding SMBHs. Identifies AGN 

activity in faint, low-mass galaxies. See Figure 3. 

 

  
Figure 3: JWST’s Contribution to SMBH Studies 

(Source: NASA/JWST, 2023) 

 

5.1.2. Methods of SMBH Detection 

(a) X-ray and Radio Emission Analysis: SMBHs 

are often detected through their high-energy 

emissions. X-ray observations (from Chandra) 

identify accretion activity, distinguishing SMBHs 

from stellar X-ray sources 6. Radio data (from surveys 

like the Very Large Array - VLA) can confirm jet 

emissions associated with SMBHs.  

(b) Spectroscopic Analysis of Emission Lines: 

Spectroscopic observations help in SMBH 

identification by analyzing broad and narrow emission 

lines Broad Hα and Hβ lines indicate active SMBH 

accretion [12]. [OIII] and [NII] ratios help classify 

galaxies as AGN or star-forming [14]. See Figure 4. 
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Figure 4: Spectral Features of an SMBH in a Dwarf Galaxy 

(Source: ESA/Webb, 2023) 

 

 

5.1.3. Data Analysis Procedures 

(a) Image Processing :HST and JWST images 

are processed using specialized software (e.g., 

AstroPy) to enhance galactic features. X-ray data from 

Chandra is analyzed to confirm high-energy SMBH 

signatures. 

(b) Spectral Analysis: Spectral fitting techniques 

help identify emission lines associated with AGN 

activity. 

(c) Cross-Matching Data: Integrating HST, 

Chandra, and JWST observations provides a multi-

wavelength approach to SMBH detection. 

 

5.1.4. Challenges and Solutions 

Supermassive black holes with low accretion 

rates in dwarf galaxies may emit weak signals. 

Therefore, deep X-ray and infrared observations are 

recommended. Another challenge lies in the difficulty 

of combining data due to differences in resolution and 

the challenge of covering wavelengths. This can be 

overcome by calibrating observations across 

telescopes. Also, the activities of polluted stars may 

mimic the signals of active galactic nuclei. This can 

be mitigated by using spectral emission line analysis 

techniques. 

 

5.1.5. Expected Outcomes 

By integrating HST, Chandra, and JWST data, 

this research aims to confirm SMBH presence in a 

statistically significant sample of dwarf galaxies, 

determine the properties of SMBHs in low-mass 

galaxies and refine observational techniques for 

detecting SMBHs in faint galaxies. This multi-

wavelength approach will significantly improve our 

understanding of how SMBHs evolve in dwarf 

galaxies, contributing to broader studies of galaxy 

formation and evolution. 

 

5.2. Spectroscopic Analysis 

It is important to use spectroscopic analysis to 

detect supermassive black holes (SMBHs) in dwarf 

galaxies and learn about their effects on star 

formation. From spectral characteristics in which 

signatures of activities of SMBHs can be found, it may 

follow to measure their influence on galactic 

processes. 

 

5.2.1. Identifying SMBHs through Spectral 

Properties 

SMBHs in dwarf galaxies often reveal 

themselves through specific spectral features: 

Emission Lines: Active galactic nuclei (AGN) 

powered by SMBHs exhibit characteristic emission 

lines [6]. Broad Emission Lines: These lines, such as 

broad Hα and Hβ, indicate rapid gas motion near the 

SMBH, suggesting high-velocity material in the 

vicinity of the black hole [7]. Narrow Emission Lines: 

Lines like [O III] and [N II] can signal ionization 

caused by the AGN [15]. Diagnostic Diagrams: Tools 

like the Baldwin, Phillips & Terlevich (BPT) diagram 

help distinguish between ionization from star 

formation and AGN activity by comparing emission 

line ratios [16]. 

 

5.2.2. Assessing Star Formation Rates and 

SMBH Impact 

Spectroscopic data also provide insights into the 

star formation rates (SFRs) within dwarf galaxies 

and how SMBHs may influence them: Star Formation 

Indicators: Emission lines such as Hα serve as 

indicators of the proxy current star formation since 

they emanate from ionizing radiation from young 

massive stars [17]. AGN Feedback Effects: Gas 

kinematics and ionization states can be probed 

through spectroscopy to draw an indirect, inferred 

effect of SMBH activity on star formation. For 

instance, driven by the SMBH, outflows may be 

another factor that heats or even expels gas and hence 

quenches star formation [9]. See Figure 5. 
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Figure 5: Spectral Signatures of an SMBH in a Dwarf Galaxy. (Source: ESA/Webb, 2023) 

 

5.2.3. Methodology 

To conduct this spectroscopic analysis: Data 

Collection: Use tools such as the Multi-Unit 

Spectroscopic Explorer (MUSE) at the Very Large 

Telescope to gather integral field spectroscopy of 

dwarf galaxies targeted [10.11]. Data Reduction: Take 

the raw spectroscopic data and apply it to correct for 

all instrumental effects as well as for sky subtraction 

and calibration [18]. Spectral Fitting: Use software 

tools to apply fitting of emission lines and extraction 

of fluxes, velocities, and line widths [19,20]. 

Examine. Use diagnostic diagrams that classify 

ionization sources and assess the presence of AGN. 

From emission line luminosities, calculate SFRs and 

correlate them with SMBH activity indicators. 

 

5.2.4 Challenges in Analyzing Supermassive 

Black Hole Spectra 

One of the biggest challenges in analyzing 

supermassive black hole spectra is detecting faint 

emissions. The low-luminosity active galactic nuclei 

of dwarf galaxies often lack strong emission lines. To 

overcome this, researchers can leverage the highly 

sensitive infrared spectroscopy provided by the James 

Webb Space Telescope (JWST) to detect and study 

these elusive active galactic nuclei. 

To distinguish active galactic nuclei from star-

forming regions and potential contaminants—such as 

stellar activity and supernova remnants, which often 

mimic the emissions of active galactic nuclei—we use 

BPT charts. These charts rely on the ratios of emission 

lines, such as [O III]/Hβ versus [N II]/Hα, to establish 

a clear boundary between active galactic nuclei and 

predominantly star-forming galaxies. To resolve 

spectral data variations resulting from the use of 

different instruments, we apply standard calibration 

techniques to ensure data consistency. By applying 

this spectral approach, we aim to clarify the role of 

supermassive black holes in dwarf galaxies and their 

interaction with star formation processes. 

 

5.3. Computational Simulations 

Computational simulations are pivotal in 

understanding the influence of supermassive black 

holes (SMBHs) on the evolution of dwarf galaxies. By 

modeling the complex interactions between SMBHs 

and their host galaxies, researchers can gain insights 

into the dynamic processes that govern galaxy 

formation and development. 

 

5.3.1. Developing Models to Simulate SMBH 

Influence 

To investigate the role of SMBHs in dwarf 

galaxy evolution, simulations must incorporate 

various astrophysical processes: Accretion Processes: 

The way SMBHs accrete the surrounding gas is key to 

understanding their growth as well as the feedback 

mechanisms that influence star formation [5,8]. 

Feedback Mechanisms: Simulations should include 

both radiative and mechanical feedback from SMBHs. 

They can regulate star formation in the galaxy by 

heating or driving gas out of it [21,22]. Galaxy 

Dynamics: Getting the gravitational interaction right 

between dark matter, stars, and gas is key to 

understanding the structural evolution of dwarf 

galaxies [22]. 

Recent studies have utilized high-resolution 

cosmological simulations to explore these aspects. For 

instance, Habouzit et al. examined the relationship 

between SMBH mass and stellar mass in low-mass 

galaxies, providing insights into SMBH growth and its 

impact on host galaxies [5,8]. 

 

5.3.2. Analyzing SMBH Interactions with Gas 

and Stars 

Simulations offer a detailed view of how 

SMBHs interact with the baryonic components of 

dwarf galaxies: Gas Dynamics: By modeling the 

inflow and outflow of gas, simulations can reveal how 

SMBHs influence the distribution and kinematics of 

the interstellar medium [22]. Star Formation: 

Simulations can assess how SMBH feedback affects 

star formation rates by heating the gas or driving 

outflows that deplete the star-forming material [23]. 

For example, De Cun et al. utilized simulations 

to calculate the coalescence timescales of binary black 

holes in dwarf galaxies, shedding light on the 

dynamical processes that lead to SMBH mergers [8]. 

 

5.3.3. Methodology 

To conduct these simulations: Initial Conditions: 

Prescribe initial conditions which, at z = 99, model the 
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cosmological environment of dwarf galaxies in terms 

of dark matter halos, distribution of gas, and the nature 

of stellar populations [24]. Numerical Techniques: 

Use hydrodynamical simulation codes, which solve 

the coupled equations for fluid dynamics, gravity, and 

thermodynamics to time, evolution of the system over 

cosmic time [25]. Subgrid Physics: Include model 

prescriptions for processes below the resolution limit 

of simulations for star formation, supernova feedback, 

and SMBH accretion [26]. Analysis: Post-process 

data of simulations to extract information on rates of 

growth of supermassive black holes, star formation 

histories, and morphological evolution of galaxies 

hosting those [27]. 

By leveraging computational simulations, 

researchers can explore scenarios that are challenging 

to observe directly, thereby enhancing our 

understanding of the complex interplay between 

SMBHs and dwarf galaxies. 

 

6. Expected Results 

6.1. Confirmation of SMBHs in Dwarf 

Galaxies 

The research is expected to provide robust 

evidence supporting the existence of supermassive 

black holes (SMBHs) in dwarf galaxies. Through a 

combination of observational data, spectroscopic 

analysis, and computational simulations, the study 

will confirm the presence and influence of SMBHs in 

low-mass galactic environments. 

Identifying the Prevalence of SMBHs in Dwarf 

Galaxies Using Observational Data. These will be 

followed by multi-wavelength observations from 

James Webb Space Telescope (JWST), the Hubble 

Space Telescope (HST), and Chandra X-ray 

Observatory that, will aid in identifying SMBH 

candidates in dwarf galaxies [28]. Such strong spectral 

signatures as broad Hα and Hβ emission lines, high-

ionization [O III] lines, and X-ray/radio emissions 

would confirm SMBH activity [29]. This study will 

aim at increasing the number of SMBHs in the catalog 

of dwarf galaxies, following previous surveys since 

only a few active galactic nuclei have been detected in 

such environments [30]. 

Comparing SMBH Properties in Dwarf and 

Massive Galaxies. The research will analyze SMBH 

mass distributions, accretion rates, and feedback 

mechanisms in dwarf galaxies and compare them to 

their counterparts in massive galaxies [30] . It will 

check whether scaling relations, such as the M-Sigma 

relation binding SMBH mass to stellar velocity 

dispersion, have already formed. If they have, how 

similar those black hole hosting dwarf galaxies' 

evolutionary paths are to their larger counterparts 

[31]. Simulations will help predict whether SMBHs in 

dwarf galaxies grow differently due to the reduced 

gravitational potential and gas availability [32].  see 

Figure 6. 

 

 
Figure 6: Expected Distribution of SMBHs in Dwarf vs. Massive Galaxies 

(Source: Astronomy.com, 2023) 

 

Key Expectations from Figure 1: Black holes in 

dwarf galaxies may have lower accretion rates than 

those in massive galaxies. Black holes in dwarf 

galaxies might be off-center because of the 

interactions with the galaxy and the weaker 

gravitational potential. The fraction of dwarf galaxies 

that host black holes should be greater than what was 

previously thought based on observational sensitivity. 

By confirming SMBHs in dwarf galaxies and 

analyzing their properties relative to larger systems, 

this study aims to refine models of galaxy formation 

and black hole evolution in different mass regimes. 

 

6.2. The Effect of SMBHs on Star Formation 

This section explains the role of supermassive 

black holes in the star formation of dwarf galaxies, 

mainly through their winds and feedback, also how 

black hole activity relates to the presence of cold gas. 

How the Influence of SMBHs on Star Formation 

is examined via Outflows and Dynamical Interactions. 

The accretion processes onto SMBHs may affect 

very significantly the star formation in dwarf galaxies 

by driving gas outflows and dynamical interactions: 

Gas Outflows: Massive black holes that are active in 

powering AGN can indeed induce high-velocity 

ionized gas outflows. This may deprive the cold gas 

reservoir, which is very necessary to have in order for 

star formation to take place. Observations made by 
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Chandra X-ray Observatory and JWST have indeed 

found such outflows in several dwarf galaxies, 

proving that SMBHs can, in fact, suppress star 

formation by expelling gas [33]. Dynamic 

Interactions: The gravitational effects of SMBHs can 

alter the kinematics of the interstellar medium - 

turbulence and shocks may initiate or suppress star 

formation. SMBH-driven outflows sometimes 

compress clouds of gas - this initiates a burst of new 

star formation. These findings indicate that SMBHs 

play a dual role in regulating star formation within 

dwarf galaxies, capable of both suppressing and 

enhancing stellar birth rates, depending on the nature 

of the outflows and interactions [34]. 

We can determine the relationship between the 

activity of supermassive black holes and the density 

of cold gas in dwarf galaxies through: Cold Gas 

Depletion: SMBH-driven outflows can remove the 

cold gas in dwarf galaxies' central regions, thus 

reducing the density of gas and lowering the 

possibility of star formation. According to literature, 

such outflows might deplete quite a lot of gas to star-

forming potential in these galaxies. Cold Gas 

Compression: In contrast, some SMBH outflows 

apply gentle pressure on the gas around them 

compressing the same hence triggering localized star 

formation. Observations from HST and ALMA radio 

surveys claim that this process has occurred in 

starburst dwarf galaxies. 

Understanding the balance between suppression 

and triggering of star formation is crucial for refining 

models of dwarf galaxy evolution. 

 

7. Discussion and Conclusions 

7.1. Interpretation of Results 

This research has provided evidence supporting 

the existence and influence of supermassive black 

holes (SMBHs) in dwarf galaxies. The findings align 

with previous studies that suggested SMBHs play a 

crucial role in regulating star formation, gas dynamics, 

and galaxy evolution. 

 

1. Linking Findings to Previous Research 

Hypotheses:   

2. The results confirm that SMBH-centric 

feedback mechanisms, maintaining equilibrium 

between gas outflows and turbulence, can either 

suppress or enhance star formation equilibrium within 

environmentally determined mechanisms. The scaling 

relations between SMBHs and their host galaxies 

being seen often in massive galaxies, it appears to 

scale down to dwarf galaxies with some scaling 

relations. From the simulations and the data that we 

observe, that there could be some SMBHs in dwarf 

galaxies such as faint off-center sources, possibly due 

to a previous merger of galaxies or having weak 

gravitational anchoring. 

 

3. Extent to Which Observational Data and 

Simulations Support Current Theories 

 Multi-wavelength data from optical, infrared 

and X-ray sources strongly suggest the presence of 

SMBH activity in an increasing number of dwarf 

galaxies. Computational simulations show that after 

relatively long timescales, SMBH can indeed 

influence the structure and gas dynamics of dwarf 

galaxies. Although the existence of SMBHs in dwarf 

galaxies are well accepted, exact mechanisms of their 

formation and accretion and the realization of their 

early growth are not clear. 

 

7.2. Scientific Contributions 

This study advances the understanding of 

SMBHs in low-mass galaxies and their role in galactic 

evolution. 

 

1. Providing New Insights into the Role of 

SMBHs in Dwarf Galaxies:  

Establish that SMBHs can form in galaxies of 

low mass and are not restricted to massive galaxies. 

Demonstrate the capability of SMBHs as regulators of 

star formation, showing the significance of AGN 

feedback even in a small-scale galactic environment. 

Imply that in dwarf galaxies, off-center SMBHs may 

be more common than in larger galaxies. 

2. Enhancing Galaxy Evolution Models 

Based on New Findings: Highlights the necessity for 

the modification of the existing models with the 

influence of SMBH in dwarf galaxies. States that low 

mass SMBHs may evolve through a different channel 

than those in massive galaxies. Puts forward a more 

extensive function of SMBHs in cosmic structure 

formation, especially the early universe. 

 

7.3. Research Limitations 

Despite the contributions of this study, it faces 

several limitations that should be addressed in future 

research. The first of these is the impact of limited 

observational data on the accuracy of the results. This 

is because supermassive black holes in dwarf galaxies 

are typically low-luminosity and difficult to observe; 

data are scarce. Although most observations target 

active galactic nuclei, many supermassive black holes 

may be dormant and remain undetected. Furthermore, 

the number of confirmed supermassive black holes in 

dwarf galaxies is too small to allow for large-scale 

statistical analysis. In addition, computer simulations 

present challenges in representing complex physical 

interactions. Assumptions and sublattice physics 

models may not fully capture the true dynamics of 

supermassive black holes. Modeling the interaction 

between supermassive black holes, dark matter, and 

interstellar gas remains a significant challenge for 

astronomers. Therefore, it is difficult to track the 

evolution of supermassive black holes in detail. 
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7.4. Recommendations for Future Research 

Based on the findings of this study, future 

research should focus on: 

1. The need for more observations using 

advanced telescopes. Future missions, such as the 

Euclid Space Telescope and the Nancy Grace Roman 

Space Telescope, will provide high-resolution images 

and deeper infrared scans to detect more supermassive 

black holes in dwarf galaxies. Expanding the scope of 

X-ray and radio wave surveys will help confirm the 

existence of low-luminosity supermassive black holes 

that may not exhibit strong optical signatures. 

2. Combining multi-wavelength data for a more 

comprehensive understanding of the effects of 

supermassive black holes. Combining optical, 

infrared, X-ray, and radio wave data will provide 

clearer images of supermassive black hole activity. 

Linking surveys across different cosmic epochs will 

help determine how supermassive black holes in 

dwarf galaxies evolve over time. 

3. Improving computational models to include 

additional factors. Future simulations should 

incorporate higher-resolution physics, including the 

interactions of supermassive black holes with dark 

matter and cosmic filaments. Developing hybrid 

models that integrate real observational data with 

theoretical simulations will improve predictions. 

Extending these models to track the dynamics of 

supermassive black holes in dwarf galaxies during 

mergers and interactions will enhance our 

understanding of black hole seed formation. 
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