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Abstract 

 
The discovery of stars that are located more than 100,000 light-years away from the galactic center, far beyond 
the expected boundaries of the Milky Way's disk, has generated a lot of interest. This review critically evaluates 
the current understanding and attempts to provide a comprehensive perspective on the hypothesis. It highlights 
key findings, persistent enigmas, and carefully examines existing research, including high-precision astrometry, 
chemical abundance analyses, and dynamical simulations. 
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INTRODUCTION 
 
Debates about the origin of these stars and their possible consequences for comprehending previous galactic 
interactions have arisen from the discovery of stars that live much beyond the Milky Way's anticipated disk borders. The 
chemodynamics of barred galaxies in cosmological simulations is discussed by Fragkoudi et al. (2020), who provide 
light on the in-situ bulge and the history of quiescent mergers in the Milky Way, which may help explain the genesis of 
these farback stars. Further, Evans et al. (2020) investigate the peculiarities of the Milky Way's assembly history, 
providing insightful viewpoints on the possible extragalactic origin of these distant stars. A complicated history of 
interactions that may involve stars from early accretion events that helped form the Milky Way's stellar halo is suggested 
by Myeong et al. (2019) findings. 
 
 
METHODOLOGY  
 
A scoping review methodology will be used in an extensive examination of the possible extragalactic origin of the Milky 
Way's farthest stars. Given the need to carefully analyze the body of research, observational data, and theoretical 
frameworks pertaining to the formation of these far-off stars, the scoping review approach was selected because it is 
suited for mapping important ideas, categories of evidence, and research gaps in a wide range of subject areas (Munn 
et al., 2018). The methodological framework that Arksey and O'Malley have proposed will be followed in the scoping 
review. This framework consists of five stages:  

i. Identifying the research question(s);  
ii. Finding potentially relevant studies; 
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iii. Choosing eligible studies; 
iv. Charting the data; and  
v. Compiling, summarizing, and reporting the findings (Sadeghi et al., 2021).  
Levac et al. (2010) improved this paradigm, guaranteeing a methodical and exacting approach to the review 

procedure (Weaver et al., 2022). Furthermore, the results will be presented using the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) Extension for Scoping Reviews, which will improve the review's 
transparency and comprehensiveness (Gómez-García et al., 2019; Kuyt et al., 2021). 

There has been substantial progress in the study of star populations in galaxies, which has improved our knowledge of 
galaxy creation and evolution. The present study has benefited from surveys and research conducted by Bundy et al. 
(2014), Greene et al. (2015), Tresse et al. (2008), Nersesian et al. (2019), Ma et al. (2014), Rosario et al. (2013), Jones 
et al. (2017), and Bundy et al. (2014). 

The investigation into the galactic origins of the Milky Way's farthest stars has been fueled by recent discoveries of 
stars residing beyond the expected disk boundaries of our galaxy. This has sparked a debate regarding their origin and 
potential implications for understanding past galactic interactions. Fragkoudi et al. (2020) discuss the chemodynamics of 
barred galaxies in cosmological simulations, shedding light on the Milky Way's quiescent merger history and in-situ 
bulge, providing insights into the origin of these distant stars. Evans et al. (2020) explore the unusual nature of the Milky 
Way's assembly history, offering valuable perspectives on the potential extragalactic origin of these farthest stars. 
Myeong et al. (2019) provide evidence for early accretion events that contributed to building the Milky Way's stellar halo, 
suggesting a complex history of interactions that could involve stars from extragalactic origins. Bochenek et al. (2020) 
present a study on a fast radio burst associated with a Galactic magnetar, providing crucial information about celestial 
objects beyond the Milky Way's sphere of influence, which could be relevant to the debate on the origin of distant stars. 
Licquia and Newman (2015) offer improved estimates of the Milky Way's stellar mass and star formation rate, providing 
essential data for understanding the overall structure and history of the galaxy, including the potential incorporation of 
stars from extragalactic sources. Deason et al. (2019) contributes to this discussion by estimating the total stellar halo 
mass of the Milky Way, offering insights into the broader stellar population and its potential interactions with extragalactic 
systems. These studies collectively contribute to the ongoing debate about the potential extragalactic origin of the 
farthest stars in the Milky Way, providing valuable insights into the galaxy's history and the complex interactions that may 
have shaped its stellar population. 

Early theories and observational findings that have influenced modern understanding are at the basis of the 
investigation into the possible extragalactic origin of the Milky Way's furthest stars (Kennicutt, 1998), which also 
emphasized the shortcomings of existing galaxy formation and evolution models and the need for a deeper 
comprehension of the interaction between the star formation rate (SFR) and interstellar medium (ISM). This emphasizes 
how important it is to improve models in order to understand how far-off stars in the Milky Way originated. The volume-
averaged star formation rate density as a function of red shift was also observed by Bower et al. (2006), providing 
insights into the evolution of star formation in galaxies, an important understanding of the formation of stellar 
populations, including those that may originate from extragalactic sources. 
 
Observational Studies 
 
The investigation into the potential extragalactic origin of the farthest stars in the Milky Way has been supported by a 
multitude of observational studies that have contributed to our understanding of the galaxy's structure, stellar 
populations, and their potential extragalactic origins. These studies have not only provided evidence supporting or 
challenging the hypothesis but have also significantly advanced the methodologies used in observational studies, 
thereby enriching the field of galactic astrophysics. 

Kennicutt and Gordon et al. (2003) have provided valuable insights into the star formation rates (SFR) and interstellar 
medium (ISM) interaction, emphasizing the need for a better understanding of these processes to comprehend the origin 
of distant stars in the Milky Way. Their work has underscored the significance of refining models to elucidate the 
complexities of galaxy formation and evolution. Additionally, Bower et al. (2006) have offered observational 
determinations of the volume-averaged star formation rate density as a function of redshift, providing crucial insights into 
the evolution of star formation in galaxies. This is essential for understanding the formation of stellar populations, 
including those potentially originating from extragalactic sources. 

Furthermore, research like that done by Gordon et al. (2003) and Heiderman et al. (2010) has advanced our 
knowledge of the Milky Way's extinction curves, star formation rate, and gas surface density relation, respectively. These 
investigations have provided light on the mechanisms controlling star formation in the galaxy by enabling the direct 
counting of low-mass stars in the process of developing and the estimation of star formation rates. In addition, a study of 
the star formation activity in nearby molecular clouds by Lada et al. (2012) has shed light on the characteristics of the  
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extragalactic scaling relations. Our knowledge of the star formation processes and their consequences for the more 
general processes of galaxy creation and evolution has been greatly enhanced by these investigations. 

In addition, Beers and Christlieb (2005) have contributed to the field by identifying very metal-poor stars in the galaxy, 
providing essential information about the chemical composition of stars and their potential origins. Chomiuk and Povich 
(2011) have plotted the Milky Way's star formation rate, providing valuable data for understanding the ongoing star 
formation processes in the galaxy. These studies have advanced our knowledge of the stellar populations in the Milky 
Way and their potential connections to extragalactic systems. 
The observational studies synthesized from the works of Kennicutt and Evans (2012), Bower et al. (2006), Gordon et al. 
(2003), Heiderman et al. (2010), Lada et al. (2012), Beers and Christlieb (2005) and Chomiuk and Povich (2011) have 
significantly contributed to the field by providing evidence supporting the potential extragalactic origin of the farthest 
stars in the Milky Way. These studies have not only enriched our understanding of the galaxy's stellar populations but 
have also advanced the methodologies used in observational studies, thereby enhancing the rigor and 
comprehensiveness of galactic astrophysics research. 
 
Theoretical Frameworks 
 
The investigation into the potential extragalactic origin of the farthest stars in the Milky Way necessitates an exploration 
of theoretical models proposed to explain the possible mechanisms behind stars being ripped from another Galaxy. 
Theoretical frameworks such as those proposed by Springel et al. (2005) and Hopkins et al. (2008) have delved into the 
cosmological framework for the co-evolution of quasars, super massive black holes, and elliptical galaxies, emphasizing 
the role of galaxy mergers and quasar activity. Additionally, Springel et al. (2005) have contributed to the modeling of 
feedback from stars and black holes in galaxy mergers, shedding light on the complex processes involved in galactic 
interactions, 

Evaluation of these theoretical frameworks reveals their strengths in providing a comprehensive understanding of the 
co-evolution of galaxy black holes, and quasars, as well as the feedback mechanisms involved in galaxy mergers. 
These frameworks offer valuable insights into the potential mechanisms through which stars could be ripped from 
another galaxy, contributing to the ongoing debate about the extragactic origin of the farthest stars in the Milky Way. 
However, it is essential to acknowledge the limitations inherent in these theoretical models, including uncertainties in the 
exact demarcation between star-forming galaxies and active galactic nuclei (Kauffmann et al., 2003), as well as the 
challenges in accurately modeling feedback processes and their impact on galactic interactions. Therefore, while these 
theoretical frameworks provide valuable foundation for understanding the potential mechanisms behind stars being 
ripped from another galaxy, further refinement and validation are necessary to enhance their robustness and 
applicability to specific context of the farthest stars in the Milky Way. 
 
 
FINDINGS AND CONTROVERSIES 
 
Recent findings of stars living outside of our galaxy's anticipated disk borders have sparked an examination into the 
possible extragalactic origin of the Milky Way's farthest stars. Their origin and possible significance for comprehending 
previous galactic interactions have been called into question as a result of this. In their discussion of the 
chemodynamics of barred galaxies in cosmological simulations, Fragkoudi et al. (2020) throw light on the in-situ bulge 
and the quiescent merger history of the Milky Way, offering insights into the genesis of these far-off stars. The peculiar 
assembly history of the Milky Way is examined by Evans et al. (2020), providing insightful insights into the possible 
extragalactic origin of these distant stars. Evidence for early accretion events that led to the formation of the Milky Way 
is presented by Myeong et al. (2019). 

In conducting a comprehensive investigation into the potential extragalactic origin of the farthest stars in the Milky 
Way, a scoping review methodology will be employed. The scoping review approach is chosen due to its suitability for 
mapping key concepts, types of evidence, and research gaps in a broad topic area, which aligns with the need to 
meticulously parse existing research, observational data, and theoretical frameworks related to the origin of these 
distant stars (Kennicutt and Evans, 2012; Bochenek et al., 2020; Fragione and Gualandris, 2019; Erkal et al., 2018). The 
scoping review will follow the methodological framework proposed by Arksey and O’Malley, which involves five stages: 
(1) identifying the research question(s); (2) identifying potentially relevant studies; (3) selecting eligible studies; (4) 
charting the data; and (5) collating, summarising, and reporting the results (Kennicutt and Evans, 2012; Bochenek et al., 
2020; Fragione and Gualandris, 2019; Erkal et al., 2018). This framework has been refined by Levac et al., ensuring a 
systematic and rigorous approach to the review process (Kennicutt and Evans, 2012; Bochenek et al., 2020; Fragione 
and Gualandris, 2019; Erkal et al., 2018). Additionally, the Preferred Reporting Items for Systematic Reviews and  
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Meta-Analyses (PRISMA) Extension for Scoping Reviews will be utilized to present the results, enhancing the 
transparency and completeness of the review (Kennicutt and Evans, 2012; Bochenek et al., 2020; Fragione and 
Gualandris, 2019; Erkal et al., 2018). 

The investigation into the potential extragalactic origin of the farthest stars in the Milky Way is rooted in early theories 
and observational discoveries that have shaped contemporary understanding. Kennicutt (1998) highlighted the 
limitations in current galaxy formation and evolution models, emphasizing the need for a better understanding of the star 
formation rate (SFR) and interstellar medium (ISM) interaction. This underscores the significance of refining models to 
comprehend the origin of distant stars in the Milky Way. Additionally, Bower et al. (2006) provided observational 
determinations of the volume-averaged star formation rate density as a function of redshift, offering insights into the 
evolution of star formation in galaxies, which is crucial for understanding the formation of stellar populations, including 
those potentially originating from extragalactic sources. These foundational works have not only highlighted the 
limitations in existing models but also provided crucial observational data and theoretical frameworks that are essential 
for comprehending the complex processes involved in galaxy formation and evolution, thereby setting the stage for 
current research endeavors (Kennicutt and Evans, 2012; Gao and Solomon, 2004). 

The investigation into the potential extragalactic origin of the farthest stars in the Milky Way has been supported by a 
multitude of observational studies that have contributed to our understanding of the galaxy's structure, stellar 
populations, and their potential extragalactic origins have provided valuable insights into the star formation rates (SFR) 
and interstellar medium (ISM) interaction, emphasizing the need for a better understanding of these processes to 
comprehend the origin of distant stars in the Milky Way. Their work has underscored the significance of refining models 
to elucidate the complexities of galaxy formation and evolution. Additionally, Bower et al. (2006) have offered 
observational determinations of the volume-averaged star formation rate density as a function of redshift, providing 
crucial insights into the evolution of star formation in galaxies. This is essential for understanding the formation of stellar 
populations, including those potentially originating from extragalactic sources. Moreover, studies such as Gordon et al. 
(2003) and Heiderman et al. (2010) have contributed to the understanding of the extinction curves and the star formation 
rate and gas surface density relation in the Milky Way, respectively. These studies have allowed for a direct count of low-
mass stars forming and the estimation of star formation rates, shedding light on the processes governing the formation 
of stars in the galaxy.  

Furthermore, Lada et al. (2012) have presented a study of the star formation activity in local molecular clouds, 
providing insights into the nature of the extragalactic scaling relations. These studies have significantly enriched our 
understanding of the star formation processes and their implications for the broader processes of galaxy formation and 
evolution.  

In addition, Beers and Christlieb (2005) have contributed to the field by identifying very metal-poor stars in the galaxy, 
providing essential information about the chemical composition of stars and their potential origins. Chomiuk and Povich 
(2011) have plotted the Milky Way's star formation rate, providing valuable data for understanding the ongoing star 
formation processes in the galaxy. These studies have advanced our knowledge of the stellar populations in the Milky 
Way and their potential connections to extragalactic systems (Kennicutt and Evans, 2012; Gao and Solomon, 2004). 

Super massive black holes, elliptical galaxies, and quasars have all co-evolved within a cosmological framework that 
emphasizes the significance of galaxy mergers and quasar activity. Proposals such as those made by Kauffmann et al. 
(2003) and Springel et al. (2005) have taken this concept further. Furthermore, Springel et al. (2005) have modelled 
feedback from black holes and stars in galaxy mergers, providing insight into the intricate mechanisms underlying 
galactic interactions. Analysis of these theoretical models shows that they are effective in giving a thorough knowledge 
of the feedback mechanisms involved in galaxy mergers as well as the co-evolution of galaxies, black holes, and 
quasars. These frameworks greatly contribute to our understanding of the possible processes by which stars might be 
torn from another galaxy. 

In summary, the search for the possible extragalactic origin of the Milky Way's farthest stars is an intricate and varied 
undertaking that incorporates a wide range of empirical research, theoretical models, and preliminary speculations. The 
intricacies of galaxy creation and evolution have been illuminated by recent findings and continuing investigations, 
offering important new perspectives on the possible extragalactic origins of these puzzling anomalies. To solve the 
riddles surrounding these furthest stars, more research and theoretical model improvement are necessary due to 
lingering questions and disagreements. The field has the potential to contribute to the larger framework of galactic 
evolution and interaction as well as enhance our understanding of our own galaxy as it develops.Overall, the 
investigation into the galactic origins of the Milky Way's farthest stars is a dynamic and evolving field that continues to 
push the boundaries of our comprehension of the Milky Way's structure and its broader context in galactic evolution. The 
synthesis of observational data, theoretical frameworks, and early theories provides a comprehensive understanding of 
the ongoing debate about the potential extragalactic origin of the farthest stars in the Milky Way, highlighting key 
findings, persistent enigmas, and promising avenues for future exploration. As the mysteries of these farthest stars are  
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unraveled, the field not only advances our understanding of our own galaxy but also lays the groundwork for refining 
models of galaxy formation and interaction, contributing to the broader landscape of astrophysical research. 
 
 
CONCLUSION 
 
The investigation into the galactic origins of the Milky Way's farthest stars has been fueled by recent discoveries of stars 
residing beyond the expected disk boundaries of our galaxy. This has sparked a debate regarding their origin and 
potential implications for understanding past galactic interactions. Fragkoudi et al. (2020) discuss the chemo dynamics 
of barred galaxies in cosmological simulations, shedding light on the Milky Way's quiescent merger history and in-situ 
bulge, providing insights into the origin of these distant stars. Evans et al. (2020) explore the unusual nature of the Milky 
Way's assembly history, offering valuable perspectives on the potential extragalactic origin of these farthest stars. 
Myeong et al. (2019) provide evidence for early accretion events that contributed to building the Milky Way's stellar halo, 
suggesting a complex history of interactions that could involve stars from extragalactic origins. Bochenek et al. (2020) 
present a study on a fast radio burst associated with a Galactic magnetar, providing crucial information about celestial 
objects beyond the Milky Way's sphere of influence, which could be relevant to the debate on the origin of distant stars. 
Licquia and Newman (2015) offer improved estimates of the Milky Way's stellar mass and star formation rate, providing 
essential data for understanding the overall structure and history of the galaxy, including the potential incorporation of 
stars from extragalactic sources. Deason et al. (2019) contributes to this discussion by estimating the total stellar halo 
mass of the Milky Way, offering insights into the broader stellar population and its potential interactions with extragalactic 
systems.  

These studies collectively contribute to the ongoing debate about the potential extragalactic origin of the farthest stars 
in the Milky Way, providing valuable insights into the galaxy's history and the complex interactions that may have shaped 
its stellar population. 

In conclusion, future research should focus on addressing unresolved questions and refining the understanding of the 
extragalactic origin hypothesis by investigating the trajectories, compositions, and arrival directions of various cosmic 
phenomena, including stars, neutrinos, protons, and cosmic rays. These studies will contribute to advancing our 
comprehension of the potential extragalactic origins of the farthest stars in the Milky Way and furthering our 
understanding of galactic astrophysics. 
 
Recommendation for further Studies 
 
The investigation into the potential extragalactic origin of the farthest stars in the Milky Way presents several avenues for 
future research and areas where additional studies are needed. Firstly, further studies are needed to explore the 
trajectories and origins of extreme runaway and hyper velocity stars, as well as the implications of their potential 
extragalactic origins (Brown et al., 2015). Additionally, the composition and arrival directions of high-energy cosmic 
neutrinos require further investigation to ascertain their potential extragalactic origins (Argüelles et al., 2017). 
Furthermore, the search for EeV protons of galactic origin and the study of their arrival directions necessitate continued 
research to understand their potential extragalactic origins (Abbasi et al., 2017). Moreover, the investigation of the 
Galactic and heliotail-in anisotropies of cosmic rays and their implications for the energy region < 10

^4
 GeV requires 

further exploration to elucidate their potential extragalactic origins (Nagashima et al., 1998). Additionally, the 
contributions to the astrophysical muon neutrino signal and the Galactic contribution to the high-energy neutrino flux 
found in track-like Ice Cube events warrant continued research to understand their potential extragalactic origins 
(Neronov and Semikoz, 2016; Kovalev et al., 2022). 

In conclusion, future research should focus on addressing unresolved questions and refining the understanding of the 
extragalactic origin hypothesis by investigating the trajectories, compositions, and arrival directions of various cosmic 
phenomena, including stars, neutrinos, protons, and cosmic rays. These studies will contribute to advancing our 
comprehension of the potential extragalactic origins of the farthest stars in the Milky Way and furthering our 
understanding of galactic astrophysics. 
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