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Abstract: Modern Astro Physics is the branch of science that applies the laws of physics and chemistry to 

explain the birth, life, and death of stars, planets, galaxies, nebulae, and other objects in the universe. Unlike 

classical astronomy, which focuses on the positions and motions of celestial bodies, astrophysics seeks to 

understand their physical nature—what they are and how they work.As dark energy pushes galaxies apart, stars 

will run out of fuel, and black holes will evaporate via Hawking radiation. The universe will end in a state of 

maximum entropy, reaching a cold, dark, and dilute state. Modern Astro Physics suggests the universe will 

likely end in a Heat Death or Big Freeze, and that has driven by accelerating expansion from dark energy. 

However, modern cosmology directs the universe began around 13.8 billion years ago with the Big Bang, and 

that has been growing since, and is presently dominated by dark energy, causing enhanced expansion. However, 

If the universe's density were high enough, gravity could overcome the current expansion, causing the universe 

to stop expanding and eventually collapse back into a singular point. On the other hand,if the density of dark 

energy increases over time, it could become strong enough to tear galaxies, stars, planets, and eventually atoms 

apart. Again, a theory suggesting a, cyclical scenario where a Big Crunch is followed by a new Big Bang, 

implying a, series of universes. Actually, the future, of the universe is still a subject of research, with its final 

state depending heavily on the precise nature of dark energy and the total amount of matterin the cosmos. This 

researchpaper will depict the development of modern astrophysics and evaluate the consequence of universe 

with its final destination. 
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I. Introduction 
Modern Astro Physics or quantum cosmology is simply put the application of quantum principles to the 

whole universe. Nonetheless this highly ambitious mission statement, this task is at least to some extent; already 

within reach of current physics[1]. Unlike classical astronomy, which primarily concerns the positions and 

motions of celestial bodies, astrophysics focuses on understanding their physical properties and underlying 

mechanisms—what these objects are and how they function. The scope of astrophysics is extremely broad, 

encompassing phenomena from subatomic particles to the largest cosmic structures [2]. Within this field, 

cosmology plays a central role by investigating the origin and large-scale evolution of the universe, including 

concepts such as the Big Bang, dark matter, and dark energy. Other major branches include stellar astrophysics, 

which examines the life cycles of stars from their formation in nebulae to their endpoints as white dwarfs, 

neutron stars, or black holes; galactic astrophysics, which studies the structure and evolution of galaxies such as 

the Milky Way; and high-energy astrophysics, which focuses on extreme phenomena including quasars, gamma-

ray bursts, and active galactic nuclei [3]. Quantum cosmology represents an effort within theoretical physics to 

construct a quantum description of the entire universe. In this framework, the universe is modeled not as 

classical spacetime but in terms of a wave function that encodes all possible configurations. More broadly, 

quantum cosmology treats the universe itself as a quantum system [4]. This area encompasses two primary lines 

of investigation. The first involves developing quantum versions of cosmological models that describe the 

universe‘s dynamics, often under the simplifying assumption of spatial homogeneity [5]. Classical models such 

as the Friedmann–Robertson–Walker metric are particularly important, as they successfully describe the large-

scale structure of the universe and provide a foundation for their quantum counterparts [6].  

The quantization of such models is valuable for several reasons [7]. It offers a simplified setting in 

which conceptual challenges associated with quantum gravity can be explored and potential solutions evaluated. 

Furthermore, these models allow researchers to investigate conditions near the Big Bang, where quantum 

gravitational effects are expected to dominate and classical theories break down [8].Regarding the long-term 
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evolution of the universe, current evidence suggests that its most probable fate is a ‗Heat Death‘, and that 

characterized by continuous expansion leading to a cold, dark, and nearly empty state. This scenario is closely 

linked to the influence of dark energy, which drives the accelerated expansion of the cosmos [9].The emergence 

of General Relativity by Albert Einstein revitalized scientific interest in cosmology, the study of the universe on 

the largest scales. Within the framework of Newtonian physics, cosmology was largely confined to a single 

issue: determining how matter is distributed throughout an infinite, Euclidean space [10]. In contrast, Einstein‘s 

theory introduced a far richer and more complex picture. Cosmologists were now required to consider a wide 

range of possible matter distributions, spacetime geometries, and dynamical evolutions. These aspects are 

fundamentally linked through Einstein‘s gravitational field equations, which define how matter and energy 

determine the geometry of spacetime and, in turn, how this combined system evolves over time. Our 

understanding of the structure and evolution of the universe is further deepened through insights from nuclear 

physics and radiation physics. 
 

These fields explain the processes by which matter is formed, how stars generate energy, and how 

chemical elements are synthesized over cosmic time [11]. By examining the behavior of protons and neutrons 

within atomic nuclei, along with the ionizing radiation emitted during stellar processes, scientists are able to 

reconstruct the history of the universe from the Big Bang to the present, and even make informed predictions 

about its future evolution. Phenomena such as stellar formation and evolution, gravitational collapse, neutron 

stars, black holes, galactic structure, cosmic expansion, the early universe, primordial and stellar 

nucleosynthesis, and attempts at unifying fundamental interactions within unified field theory are all addressed 

within these domains of physics. While these achievements significantly enhance our understanding of nature 

and open possibilities for technological advancement and the future expansion of human activity into space, it is 

equally important to recognize the limitations of current knowledge. Despite remarkable progress, many 

fundamental aspects of the universe and the nature of matter remain unknown. Acknowledging these gaps is 

essential for maintaining scientific objectivity [12]. Numerous profound questions—regarding the origin, 

composition, and ultimate fate of the universe—remain unanswered, and the list of such questions is far from 

complete. In this context, astrophysics in general, and quantum cosmology in particular, continue to seek deeper 

explanations. Ongoing research aims to address these unresolved issues and refine our understanding of the 

cosmos[13, 14].There is a strong consensus among cosmologists that the shape of the universe is considered flat, 

and the universe will continue to expand forever [15,].Observations made by Edwin Hubble during the 1930s–

1950s found that galaxies appeared to be moving away from each other and that leading to the currently 

accepted Big Bang theory [16, 17].This suggests that the universe began very dense about 13.787 billion years 

ago, and it has expanded and become less dense ever since [18].We need to determine the universe's origin and 

ultimate fate and the average motions of galaxies [19].This paper will evaluate the origin and ultimate destiny of 

the universe, drawing upon modern developments and conceptual advances in astrophysics. Research will deal 

few questions as mention below.  

a. How the universe has created? 

b. The reason why matter curves spacetime in its surroundings is not known and how do "condensations" in 

the geometry of spacetime create what appears to us as matter?  

c. Why is there a huge amount of matter and almost no antimatter in the universe?  

d. Why is there a huge amount of matter and almost no antimatter in the universe?  

e. What is the internal structure of the elementary particles of the microworld?  
f. What is the ultimate fate of universe?

 

g. What is the shape and structure of the universe, and the amount of dark matter and dark energy that make 

up our universe? 

 

II. Chronological Development of Concept of Astro Physics 
Hypersphere World-Universe Model (WUM) 

The Hypersphere World Universe Model (WUM) is a classical cosmological framework proposed as 

an alternative to the widely accepted Big Bang theory. In this model, the universe is described as a finite yet 

unbounded three-dimensional hypersurface—specifically, the surface of a four-dimensional expanding sphere 

referred to as the ―Nucleus of the World.‖[20] This four-dimensional structure expands along a spatial 

dimension at a rate equal to the speed of light (c), which the model interprets as a fundamental 

‗GravitodynamicConstant‘. As a result, the three-dimensional observable universe undergoes uniform expansion 

in all directions without possessing a central point within its own spatial domain. In contrast to the instantaneous 

origin implied by the Big Bang, WUM proposes a mechanism of continuous matter creation. According to this 

view, matter—predominantly dark matter—is generated persistently from the four-dimensional Nucleus and 

transferred into the observable three-dimensional universe through a process analogous to sublimation. The 

model further replaces the traditional concept of vacuum with a universal Medium composed of stable particles, 

including protons, electrons, photons, neutrinos, and dark matter particles. This Medium is considered to 
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function as an absolute frame of reference, within which all physical processes occur. WUM also asserts that 

approximately 92.8% of the universe consists of dark matter, which plays a central role in the formation of 

large-scale cosmic structures. Galaxies and superclusters are described as possessing dense dark matter cores 

that rotate and may undergo rotational fission, leading to the formation of smaller structures such as stars and 

planets. This perspective offers an alternative explanation for the hierarchical organization of matter in the 

universe [21]. More broadly, modern physics encompasses numerous theories and hypotheses that attempt to 

describe phenomena beyond the limits of direct observation, both at subatomic scales and across vast cosmic 

distances. Foundational theories such as Special Relativity and General Relativity are often regarded as 

conceptually challenging, yet ultimately comprehensible. In contrast, quantum physics—particularly in its 

astrophysical applications—can appear even more abstract and less intuitive, sometimes being described as 

fundamentally difficult to interpret. Despite its remarkable empirical success in explaining the structure of 

matter and enabling advanced technological applications, the deeper conceptual foundations of quantum physics 

remain only partially understood. In this context, early theoretical contributions such as the large number 

hypothesis proposed by Paul Dirac in 1937—including the idea of a varying gravitational constant and 

continuous matter creation—are particularly noteworthy. The WUM framework builds upon these ideas, 

although it introduces a distinct mechanism for matter generation within its own cosmological model [22].
 

The Hypersphere World–Universe Model (WUM) is a cosmological framework that describes the 

universe as a three-dimensional hyper-spherical surface expanding into a fourth spatial dimension, with its 

energy density consistently equal to the critical density. Within this model, dark matter particles are 

continuously generated from a four-dimensional nucleus [23]. Through processes such as annihilation, these 

particles give rise to luminous matter. WUM also offers a theoretical basis for estimating key cosmological 

parameters—such as the Hubble parameter and the temperature of the cosmic microwave background—that are 

broadly consistent with observational data. Conceptually, WUM can be viewed as an extension of classical 

physics and is proposed as an alternative to the prevailing Big Bang theory, which is fundamentally grounded in 

General Relativity. The two models differ in several essential respects. First, instead of an initial singularity 

characterized by infinite energy density and a phase of rapid inflation, WUM posits an initial fluctuation within 

an eternal universe [24]. This fluctuation corresponds to a four-dimensional nucleus with a finite extrapolated 

energy density—significantly lower than nuclear density—and a finite rate of expansion along the fourth spatial 

dimension at the speed of light, interpreted as a GravitodynamicConstant. Second, while the standard 

cosmological model assumes a nearly infinite, homogeneous, and isotropic universe originating from the initial 

singularity, WUM envisions a finite but unbounded three-dimensional world (a hyper-spherical surface of the 

4D nucleus). In this framework, the large-scale structure of the universe resembles a ―patchwork quilt,‖ 

composed of numerous luminous superclusters (on the order of ≳10³), which form at different locations and at 

different cosmological times [25]. The universal Medium—composed of protons, electrons, photons, neutrinos, 

and dark matter particles—is assumed to be homogeneous and isotropic, whereas the distribution of large-scale 

structures (macro-objects) is spatially inhomogeneous, anisotropic, and temporally non-simultaneous. The most 

direct observational arguments presented in support of WUM include its ability to reproduce key large-scale 

cosmological features and parameters within this alternative theoretical framework [26].
 

a. Microwave Background Radiation and Intergalactic Plasma speak in favor of existence of Medium. 

b. Laniakea Supercluster with binding mass ~10
17

M⊙ is home to Milky Way (MW) and ~10
5
 other nearby 

galaxies, which did not start their movement from Initial Singularity. 
c. MW is gravitationally bounded with Virgo Supercluster (VS) and has Orbital Angular Momentum that far 

exceeds its rotational angular momentum [27].
 

d. Mass-to-light ratio of VS is ~300 times larger than that of Solar ratio. Similar ratios are obtained for other 

superclusters. These ratios are main arguments in favor of presence of significant amounts of Dark Matter 

in the World.  
e. Astronomers discovered the most distant galaxy HD1 that is ~13.5 Bly away. WUM predicts discovery of 

galaxies with a distance of ~13.8 Bly. Medium of World, Dark Matter, and Angular Momentum are main 

Three Pillars of WUM [28].
 

 

In the 21
st
 century, many researchers perceive a sense of stagnation in physics. In certain respects, this 

situation resembles the late 19
th
 century, when it was widely believed that the foundations of physics were 

nearly complete. However, revolutionary developments like Special Relativity, General Relativity, quantum 

physics, and the discovery of elementary particles—profoundly transformed that perspective and initiated a 

century of rapid scientific progress [29]. Pioneering figures including Albert Einstein, Max Planck, Niels Bohr, 

Paul Dirac, Werner Heisenberg, and Erwin Schrödinger were able to formulate fundamentally new theories 

despite having limited experimental evidence at the time. Over the course of the 20
th

 century, these theories 

were progressively validated and refined through extensive experimental investigation. In the present era, 

however, there is a growing concern that theoretical development may be constrained by an overreliance on 



Development of Modern Astro Physics and Evaluation of Universe’s Termination 

DOI: 10.35629/2532-12045685                                    www.questjournals.org                                          59 | Page 

established frameworks. Rather than encouraging fundamentally new ideas, contemporary approaches often 

attempt to accommodate all observations within existing models [30]. In some cases, frameworks are adjusted to 

fit new data, while results that are difficult to reconcile may be marginalized. This situation suggests that the 

time may be appropriate for the development of new foundational models that are both conceptually simpler and 

capable of opening new directions for research. Within this context, the Hypersphere World–Universe Model 

(WUM) is proposed as an alternative to the prevailing Big Bang theory. In the standard cosmological 

framework, the origin of the universe is associated with an initial singularity—characterized by infinite energy 

density—and a subsequent phase of cosmic inflation, during which spacetime underwent extremely rapid 

exponential expansion [31]. This expansion is thought to have occurred within a fraction of a second (t < 10⁻ ³² 

s), ultimately leading to an observable universe approximately 93 billion light-years in diameter, while the total 

extent of the universe may be much larger or even infinite. The concept of the initial singularity itself arises as a 

prediction of General Relativity, representing a state in which all matter, energy, and spacetime are compressed 

into an infinitely dense point prior to the Big Bang. From a physical standpoint, however, the presence of such a 

mathematical singularity is often regarded as a limitation of the theory [32]. It suggests that the model may be 

incomplete, failing to incorporate essential physical processes that could prevent the formation of such singular 

conditions [33].
 

Within the framework of the Big Bang theory, there is no established mechanism that prevents the 

occurrence of an initial singularity. From an alternative perspective, a finite universe may have originated 

through a fundamentally different process—namely, a fluctuation within an eternal universe characterized by 

finite size and energy density [34]. In such a scenario, the initial state evolves through expansion at a finite 

velocity, thereby removing the necessity for invoking a phase of cosmic inflation. However, this approach raises 

an important question regarding the mechanism responsible for the continuous creation of matter. Earlier 

theoretical efforts have addressed this issue. In 1964, Fred Hoyle and Jayant Vishnu Narlikar proposed the 

concept of a ―creation field‖ (C-field) to account for the ongoing emergence of matter in the universe [35]. 

Later, in 1974, Paul Dirac explored the idea of continuous matter creation through two possible mechanisms: an 

additive process, in which matter is generated uniformly throughout space, and a multiplicative process, in 

which creation is proportional to the existing matter content. The Hypersphere World–Universe Model (WUM) 

adopts the concept of continuous matter creation in an additive sense, while introducing a distinct underlying 

mechanism consistent with its theoretical framework. A key distinction between WUM and the standard 

cosmological model lies in the introduction of a universal Medium, composed of protons, electrons, photons, 

neutrinos, and dark matter particles, which replaces the notion of an empty vacuum. Additionally, WUM 

attributes the origin of the universe‘s energy to an eternal background universe, rather than to an initial singular 

event [36]. Furthermore, WUM builds upon and extends ideas associated with several classical and early 

modern physicists, including Isaac Newton, Georges-Louis Le Sage, James MacCullagh, Bernhard Riemann, 

Oliver Heaviside, Nikola Tesla, Paul Dirac, and Andrei Sakharov. These foundational concepts are further 

developed within the WUM framework to construct an alternative interpretation of cosmic structure and 

evolution [37].
 

Nebular hypothesis. The most widely accepted model for the formation of the Solar System is the 

Nebular Hypothesis, initially proposed in 1734 by Emanuel Swedenborg and later developed by Immanuel Kant 

in 1755. According to this model, the Solar System originated approximately 4.6 billion years ago from the 

gravitational collapse of a molecular cloud extending over several light-years. The majority of the mass 

accumulated at the center, giving rise to the Sun, while the remaining material formed a rotating protoplanetary 

disk. Over time, this disk evolved into planets, moons, and other bodies that constitute the Solar System [38]. 

Despite its broad acceptance, the Nebular Hypothesis has faced criticism. In his workThe Wonders of Nature, 

Vance Ferrell presented several counterarguments. One criticism is that it appears to conflict with the physical 

expectation that diffuse in space tends to disperse rather than condense. Another concern is the diversity of 

planetary and lunar properties; if all Solar System bodies originated from the same nebula, their structural and 

compositional differences require further explanation. Additionally, there is a notable discrepancy in the 

distribution of angular momentum: while approximately 99.8% of the Solar System‘s mass resides in the Sun, 

about 98% of its angular momentum is concentrated in the planets, with Jupiter alone accounting for a 

substantial portion [39]. This imbalance has been cited as a challenge for traditional evolutionary models, which 

must explain how angular momentum was redistributed from the central mass to the surrounding planetary 

system. Another alternative perspective on planetary formation includes the Lunar Origin Fission Hypothesis, 

proposed in 1879 by George Darwin. This hypothesis suggests that the Moon originated from the Earth itself, 

when the early Earth was rotating so rapidly that centrifugal forces nearly overcame gravitational attraction at 

the equator, causing material to separate and eventually form the Moon [40].
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Bing Bang Model (BBM) 

In modern science, particularly within cosmology, the Big Bang theory is the leading framework for 

explaining the origin and evolution of the universe, which is estimated to have begun approximately 13.8 billion 

years ago. According to this model, the universe originated from a hot and dense initial state—often described 

as a singularity—and has been expanding and cooling ever since. One of the strongest observational supports for 

this theory is the discovery of cosmic microwave background radiation in the 1960s, along with the observation 

that galaxies are receding from one another, indicating an expanding universe. The theoretical foundations of 

this model were first proposed by Georges Lemaître and later developed and refined by scientists such as 

Stephen Hawking. Historically, early versions of this expanding-universe concept were independently 

formulated in the 1920s by Alexander Friedmann and Georges Lemaître. The modern version of the theory was 

further advanced in the 1940s by George Gamow and his collaborators [41]. The Big Bang model rests on two 

fundamental assumptions. First, General Relativity accurately describes gravitational interactions on 

cosmological scales. Second, the cosmological principle asserts that the universe is homogeneous and isotropic 

on large scales, meaning that its overall properties are independent of both location and direction of observation. 

According to this model, the universe underwent rapid expansion from a compressed primordial state, leading to 

a continuous decrease in temperature and density. During the earliest moments, a wide variety of elementary 

particles were present, and processes that led to the dominance of matter over antimatter likely occurred [42]. 

Within the first few seconds, conditions became suitable for the formation of light atomic nuclei through 

primordial nucleosynthesis, producing specific proportions of hydrogen, helium, and lithium—predictions that 

align closely with current observations. As the universe continued to cool, atoms formed after roughly one 

million years, allowing radiation to decouple from matter and travel freely through space. This relic radiation, 

now observed as the cosmic microwave background, was discovered in 1965 by Arno Allan Penzias and Robert 

Woodrow Wilson. It provides compelling evidence for the Big Bang model, representing a thermal snapshot of 

the early universe and serving as one of the most important observational pillars supporting modern cosmology. 

Special Relativity. The principle of relativity originated with Galileo Galilei and was later incorporated into the 

framework of Newtonian mechanics. During the late 19
th
 century, however, the discovery of electromagnetic 

waves led physicists to propose the existence of a hypothetical medium known as the ‗Aether‘. This Aether was 

assumed to permeate all space and serve as the medium through which electromagnetic waves propagate. It was 

further regarded as an absolute reference frame, against which all motion could be measured, and was thought to 

remain stationary relative to the Earth or another fixed frame. At the same time, it was hypothesized to possess 

unusual properties—being sufficiently elastic to support wave propagation while offering no resistance to 

objects moving through it. Experimental investigations, most notably the Michelson–Morley experiment 

conducted in 1887, failed to detect any evidence of the Aether. These results played a crucial role in the 

development of Special Relativity, a theory that fundamentally redefined the relationship between space and 

time. In 1905, Albert Einstein formulated special relativity based on two key postulates: first, that the laws of 

physics are identical in all inertial frames of reference (i.e., non-accelerating frames), and second, that the speed 

of light in a vacuum is constant for all observers, regardless of the motion of the light source. A central feature 

of this theory is Lorentz invariance, which ensures that the fundamental laws of physics remain unchanged 

under transformations between inertial frames. Einstein‘s formulation eliminated the need for the Aether 

concept, rejecting the idea of an absolute state of rest. Instead, relativity establishes that all inertial reference 

frames are equivalent, and no preferred frame exists. Consequently, the speed of light in a vacuum is always 

measured as a constant value (c), even when observed from systems moving at different, but constantvelocities. 

General Relativity. General Relativity (GR), formulated by Albert Einstein in 1915, is the modern geometric 

theory of gravitation. It extends Special Relativity and refines Newton‘s law of universal gravitation by 

describing gravity as a manifestation of the curvature of four-dimensional spacetime [43]. The core of GR is 

encapsulated in the Einstein field equations, which are highly nonlinear and challenging to solve in general. In 

1916, Karl Schwarzschild discovered the first exact, non-trivial solution to these equations, known as the 

Schwarzschild metric. This solution provided the theoretical foundation for understanding the end stages of 

gravitational collapse, ultimately predicting objects that are now identified as black holes (BHs). A year later, in 

1917, Einstein applied his theory to the universe as a whole, effectively founding the field of relativistic 

cosmology. To accommodate the then-prevailing assumption of a static universe, he introduced the 

cosmological constant into his equations. By 1929, however, observations by Edwin Hubble and others revealed 

that the universe is expanding. This expansion is naturally described by the cosmological solutions derived by 

Alexander Friedmann in 1922, which eliminate the need for a cosmological constant. Einstein himself later 

referred to the introduction of this constant as the ―biggest blunder‖ of his career [44]. It is also notable that the 

concept of Aether had already been discarded by 1905 through the development of Special Relativity. The 

Friedmann equations, derived from Einstein‘s field equations, describe the evolution of the universe assuming a 

perfect fluid with a specified mass density (ρ) and pressure (p), providing the theoretical framework for the 

large-scale dynamics of cosmic matter. 
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Big Bang Model. The theoretical framework of the Big Bang model is grounded in General Relativity and relies 

on simplifying assumptions, including the homogeneity and isotropy of space. A widely used refinement of this 

framework is the Lambda Cold Dark Matter model (ΛCDM), which parametrizes the universe as composed of 

three principal components: first, the cosmological constant Λ associated with dark energy; second, a postulated 

cold dark matter component; and third, ordinary baryonic matter [45]. The concept of dark matter has been 

extensively reviewed by Gianfranco Bertone and Dan Hooper. Following the shortcomings of hot dark matter 

models, it became increasingly clear that cold dark matter (CDM) provided a far better explanation for the 

observed distribution of large-scale cosmic structures.
46

 The term WIMPs (weakly interacting massive 

particles), introduced by Gary Steigman and Michael Turner in 1984, originally encompassed all potential dark 

matter candidates, including axions and gravitinos. Over time, however, WIMPs have come to denote 

specifically those particles that interact via the weak nuclear force. By the late 1980s, the consensus among 

many astrophysicists and particle physicists was that the majority of the universe‘s mass consists of cold, 

nonbaryonic particles, making CDM the leading paradigm for cosmic structure formation [46]. The ΛCDM 

model is characterized by six fundamental parameters: baryon density, dark matter density, dark energy density, 

scalar spectral index, curvature fluctuation amplitude, and the optical depth of reionization. Most of these 

parameters are empirically determined rather than theoretically predicted, while additional parameters are often 

fixed at ―natural‖ values—for instance, the total density is set to unity and neutrino masses are considered 

negligible [47]. The model can be further extended to incorporate cosmological inflation. Owing to its 

comprehensive explanatory power, ΛCDM is frequently referred to as the Standard Model of Big Bang 

cosmology. The framework rests on four observational pillars: (1) the expansion of the universe, (2) the 

existence of cosmic microwave background radiation, (3) nucleosynthesis of light elements, and (4) the 

formation of galaxies and large-scale structures [48].
 

Expansion of Universe. There is now compelling observational support for Hubble‘s law, which states that 

the recessional velocity (v) of a galaxy is proportional to its distance (d) from the observer, expressed 

mathematically as (v = H d), where (H) is the Hubble constant. Tracing galaxy motions backward in time 

implies that all galaxies converge toward a cosmological singularity at (t = 0), representing a state of infinite 

energy density. This reveals a key limitation of the Standard Cosmology, known as the Horizon Problem: if the 

universe originated from causally disconnected regions, why does it appear so uniform in all directions? This 

uniformity is especially pronounced in the cosmic microwave background radiation, which exhibits remarkable 

smoothness. The Horizon Problem is addressed by the theory of cosmological inflation, which proposes an 

extremely rapid exponential expansion of space during the early universe. During this brief inflat ionary epoch, 

the linear dimensions of the universe increased by at least a factor of (10^26), corresponding to a volumetric 

expansion of at least (10^78). This phase occurred in a fraction of a second, lasting less than (10^-32) seconds 

after the initial singularity [49]. After inflation, the universe continued to expand, but at a much slower, more 

gradual rate. Recent discussions on observational tensions in cosmology were summarized by L. Verde, 

Tommaso Treu, and Adam Riess during the ―Workshop at Kavli Institute for Theoretical Physics‖ in July 2019. 

While certain discrepancies in measured cosmological parameters have emerged, it remains unclear whether 

these differences result from systematic observational errors or indicate a more fundamental challenge to the 

current Standard Model of cosmology. 

Origin of Cosmic Background Radiation. According to the Big Bang Model, roughly 380,000 years after the 

initial explosion, the temperature of the universe had decreased sufficiently to allow atomic nuclei to capture 

electrons and form neutral atoms [50]. This process, known as photon decoupling, caused photons to stop 

interacting frequently with matter, rendering the universe transparent and giving rise to the microwave 

background radiation (MBR). These photons, released at the moment of decoupling, have traveled through 

space ever since, gradually losing energy and shifting to longer wavelengths as a result of the universe‘s 

expansion. The same photons are observed today as the cosmic microwave background. A key question arises: 

why does the MBR exhibit a near-perfect black-body spectrum? Within the framework of the Hypersphere 

World-Universe Model (WUM), wavelength is considered a classical concept, whereas photons are 

fundamentally quantum objects characterized by four-momenta, and thus do not intrinsically possess 

wavelengths. From the WUM perspective, the black-body nature of the MBR is explained not by classical 

photon wavelengths but by the thermodynamic equilibrium between photons and the Intergalactic Plasma (IGP), 

the presence of which has been confirmed through experimental observations. This equilibrium accounts for the 

precise spectral distribution observed in the cosmic microwave background today. 

Nucleosynthesis of Light Elements. Big Bang Nucleosynthesis (BBN) describes the formation of atomic nuclei 

other than hydrogen during the earliest phases of the universe. Primordial nucleosynthesis is thought to have 

occurred between roughly 10 seconds and 20 minutes after the Big Bang, producing the majority of helium in 

the form of the isotope helium-4, alongside small quantities of deuterium, helium-3, and trace amounts of 

lithium-7 [51]. All elements heavier than lithium are believed to have formed later through stellar 

nucleosynthesis within evolving and exploding stars. The history of BBN research began with calculations by 
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Ralph Alpher in the 1940s. By the 1970s, significant efforts focused on understanding processes capable of 

producing deuterium. While the observed abundance of deuterium aligns with the overall Big Bang framework, 

it is too high to be reconciled with a model in which the universe consists predominantly of protons and 

neutrons [52]. This discrepancy led to the current understanding that most of the universe‘s mass is composed of 

non-baryonic dark matter show anomalously high levels. M. Anders and colleagues reported the first 

measurement of the 2H(α, γ)6Li cross-section at Big Bang energies, conclusively ruling out BBN as a source of 

the observed 6Li. Within the framework of the Hypersphere World-Universe Model (WUM), nucleosynthesis of 

all elements—including light elements—occurs inside the dark matter cores of macro-objects (MOs) throughout 

their evolution [53]. While traditional stellar nucleosynthesis is well established, beginning with the 

foundational B2FH review, WUM extends this theory by incorporating the self-annihilation of heavy dark 

matter fermions within MO cores as an additional mechanism contributing to element formation. 

Formation of Galaxies and Large-Scale Structures. The formation and evolution of galaxies can be 

understood primarily through gravitational interactions within a framework. The standard Hot Big Bang Model 

provides a theoretical basis for galaxy formation. Approximately 10,000 years after the Big Bang, the 

temperature of the universe had dropped sufficiently for its energy density to become dominated by massive 

particles rather than by light and other forms of radiation that had previously prevailed [54]. This transition in 

the dominant form of matter allowed gravitational forces between massive particles to become significant, 

enabling small initial density perturbations to grow over time and seed the formation of large-scale structures. 

However, this highlights a notable limitation of the Standard Cosmology—the density fluctuation problem. 

Analyses indicate that the so-called Four Pillars of Standard Cosmology are model-dependent and do not 

provide robust, independent support for the Big Bang Model. Furthermore, BBM faces challenges in reconciling 

with the law of angular momentum conservation. The model‘s conclusions are heavily reliant on a set of 

underlying assumptions, which must be critically examined to evaluate its consistency with fundamental 

physical laws [55]. Homogeneity and isotropy of space.
 

a. Laws of physics are invariant in all inertial systems. 

b. The speed of light in a vacuum is the same for all observers. 

c. Massless photons. 

d. The existence of Cold Dark Matter is a principal point of BBM. 

 

Angular Momentum Problem. The angular momentum problem represents one of the most critical challenges 

facing the Big Bang Model and must be addressed for the model to remain viable. Any cosmological theory 

describing the evolution of the universe that violates the law of conservation of angular momentum cannot be 

considered physically consistent and should therefore be rejected. Currently, the Standard Cosmology is unable 

to adequately answer several key questions related to angular momentum distribution and transfer in the 

universe, highlighting a fundamental limitation of the model [56, 57]. Sun accounts for ~0.3% of the total 

angular momentum of SS while about 60% is attributed to Jupiter.
 

a. SS has an orbital angular momentum that far exceeds Its rotational angular momentum; 

b. MW galaxy is gravitationally bounded with Virgo Supercluster (VS) and has an orbital momentum, which 

far exceeds Its rotational angular momentum; 

c. How did MW galaxy and SS obtain their substantial orbital angular momenta? 

d. To the best of our knowledge, the Standard Model does not answer these questions. WUM is the only 

cosmological model in existence that is consistent with this Fundamental Law. 

Astronomers need to answer some principal questions: 

a. The age of Milky Way (MW) is similar to the Age of the World. The oldest star in MW (named Methuselah) 

is nearly as old as the World itself. If Sgr A is a SBH, then how it could grow so quickly? 

b. What is the origin of the alleged SBH positive spin? 

c. Their models in the ―best-bet region‖ have low inclination 30˚ and 10˚ that contradicts the disk shape of the 

MW galaxy and bipolar astrophysical jets, which are astronomical phenomena where outflows of matter are 

emitted as the extended beams along the axis of rotation; 

d. The MW galaxy (including Sgr A) is gravitationally bounded with VS and has a huge orbital angular 

momentum (Section 2.4). How did MW galaxy obtain this substantial orbital angular momentum? 

e. What is the mechanism of gamma rays‘ emission from the Galactic Center? 

In frames of WUM, the results obtained by the EHT Collaboration can be explained in the following way. 

However, the totality of all obtained experimental results testify in favor of the existence of the 

supermassive compact object made up of DMPs at MW Center [56].
 

a. The image is dominated by the bright, thick ring with the radius of 3.17 × 10
10

 m. The ring has a 

comparatively dim Interior that is made up of DM Fermions DMF1 (1.3 TeV) and DMF2 (9.6 GeV), which 

are responsible for the excess of gamma-ray emission from Sgr A. 
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b. Dark Matter Particles (DMPs) are continuously absorbing by the Interior of Sgr A. Ordinary Matter is a 

byproduct of DMPs self-annihilation. It is re-emitted by the Interior continuously into a Shell around it. 

c. Powerful gamma quants with energy of at least 1.02 MeV in the vicinity of atomic nuclei of the Shell 

produce electron-positron pairs with high concentration; 

d. The bright, thick area consists of Ordinary Matter and Electron-Positron plasma with the radius of 2.9 × 

10
10

 m that is a compact nonthermal radio object responsible for the strongest radio emission. 

e. The area from the radius of 3.17 × 10
10

 m to 1.88 × 10
12

 m is filled out with DM Fermions DMF3 (3.7 

keV), which are responsible for X-rays from the center of MW due to their self-annihilation; 

f. The enclosed mass of Supermassive Compact Object of 4.154×106M⊙ is the mass of the MW DM Core 

made up of DMF1 and DMF2 with the Ordinary Matter and Electron-Positron Shell and DMF3 Shell; 

g. Sgr A has gotten the rotational and orbital angular momenta as the result of the rotational fission of the DM 

Core of VS; 

h. The inclination angle between the line of sight and the rotational angular momentum vector of Sgr A is 

about 90˚. 

 

Modern Relativistic Cosmology (MRC) 

Modern relativistic cosmology has moved far beyond speculative ideas and idle theorizing, establishing 

itself as a rigorous and integral branch of astrophysics and the natural sciences. Today, it offers a coherent and 

scientifically grounded understanding of the structure and evolution of the universe, built on well-tested physical 

laws and supported by observations [57]. To understand the interplay between cosmology and physics, it is 

helpful to recall the methodology of physical inquiry, which rests on three pillars: observation, experimentation, 

and theory. In the early development of physics, observation was paramount—for instance, Newton formulated 

his law of gravitation based on the astronomical observations codified in Kepler‘s laws of planetary motion [58]. 

At the same time, Newton‘s mechanical experiments led to his three laws of motion. As physics advanced, 

experimental methods became increasingly sophisticated, particularly in the early 20th century, when probing 

the microstructure of matter required high-energy particle accelerators and sensitive detection equipment. 

Observation alone was no longer sufficient, and physics began to provide the foundational laws that explained 

astronomical phenomena [59]. However, in the 21st century, the relationship between physics and cosmology 

has become more reciprocal. The early universe, in its extremely hot and dense state, acted as a natural 

―laboratory‖ for high-energy physics, where processes occurred that are only now being probed experimentally. 

Theoretical developments, particularly in elementary particle and unitary field theories, can be confronted with 

astronomical observations, constraining their parameters or even allowing validation or rejection of certain 

models [60].
 

A major source of cosmological information comes from relic radiation. Observations of the cosmic 

microwave background (CMB) through optical, radio, and microwave measurements provide a fossil record of 

the early universe. Variations in the CMB temperature, caused by photons traversing regions of differing 

gravitational potential, serve as a snapshot of primordial structures [61]. This requires highly precise 

instrumentation, such as NASA‘s COBE (1989–1993), WMAP (2001–2010), and ESA‘s Planck (2009–2013) 

satellites, which progressively improved measurements of CMB anisotropies, polarization, and temperature. 

These observations reveal how fundamental particle physics and cosmology intersect, showing that processes at 

subatomic scales influence the largest structures in the universe.Although elementary particle physics studies the 

smallest constituents of matter while cosmology addresses the largest cosmic structures, the two fields converge 

in explaining the universe. Questions of matter‘s origin, its fundamental building blocks, and their interactions 

directly relate to the formation of galaxies, stars, planets, and ultimately life [62]. The earliest fractions of a 

second after the Big Bang were critical in setting the physical laws and interactions that govern the universe 

today. Current high-energy experiments aim to replicate aspects of these extreme conditions, probing the 

deepest structures of matter and, by extension, the initial moments of cosmic evolution. This interplay between 

the microworld, macroworld, and the cosmic mega-world forms a unified framework in contemporary 

fundamental physics. While humans are physically minuscule in the vast cosmos, intellectually and spiritually, 

we possess the capacity to understand the universe, its structure, and its evolution. In this article, the scientific 

narrative of the universe‘s origin, development, and ultimate fate will be explored in the context of modern 

astrophysical advancements [63]. 

 

Formation of First Galaxies and Large Black Holes  

The current understanding of the formation of the first galaxies is rooted in astrophysical models 

describing the universe roughly 200 million years after the Big Bang, at the end of the cosmic ―dark ages.‖ 

During this period, clouds of hydrogen and helium gas began to cluster around initial density fluctuations left 

over from the post-inflationary epoch due to gravitational attraction [64]. Over time, these matter concentrations 

formed a large-scale cosmic web, with vast voids surrounded by filaments of clustered matter. Gravitational 
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contraction within these regions led to the formation of massive protostars, which evolved into the first 

generation of stars, eventually coalescing into galaxies. These primordial stars were typically much larger than 

present-day stars, with masses reaching several hundred solar masses (M☉), and they lived relatively short 

lives—on the order of a few million years—before exploding as supernovae, enriching the interstellar medium 

with heavier elements. While this framework is broadly consistent with theory, recent observations suggest that 

some of the earliest galaxies appear more ―mature‖ than expected, indicating that our models of galaxy 

formation may still be incomplete [65].
 

Black holes, which are among the most enigmatic objects in the universe, arise from the gravitational 

collapse of sufficiently massive stars once their thermonuclear fuel is exhausted. In the early galaxies, numerous 

stellar-mass black holes formed in this way. Through successive mergers, these black holes could accumulate 

into intermediate-mass black holes of several thousand M☉. Over billions of years, some grew further into 

supermassive black holes with masses between 10^6 and 10^9 M☉, which are commonly found at the centers of 

galaxies [66]. Observations, however, reveal that supermassive black holes already existed in some of the 

earliest galaxies, prompting speculation that they might form via alternative, non-stellar mechanisms, such as 

the direct collapse of massive, dense gas clouds. The precise processes leading to the formation of such 

enormous black holes remain an open question. A defining feature of all black holes is the event horizon, a 

boundary beyond which nothing—not even light—can escape [67]. Classical models, such as the Schwarzschild 

solution, predict that all matter falling into a black hole ends up in a singularity at its center, where spacetime 

curvature and gravitational gradients become infinite. Such singularities are physically problematic, suggesting 

a breakdown of classical theory [68]. Quantum considerations offer a possible resolution: near the black hole‘s 

core, quantum fluctuations in spacetime geometry would become extreme, potentially creating a ―topological 

foam‖ that prevents a true singularity from forming. Consequently, the internal structure of black holes remains 

one of the most profound mysteries in modern astrophysics, with the true nature of their centers still unknown 

[69].
 

 

Formation of Dark Matter and Dark Energy  

The concept of Dark Matter (DM) has a long history that can be traced back to the mid-19th century. 

Early indications arose when astronomers noticed discrepancies in the motions of celestial objects. In 1844, 

Friedrich Bessel suggested that the observed proper motions of stars like Sirius and Procyon could only be 

explained by unseen companions exerting gravitational influence [70]. Later, in 1846, Urbain Le Verrier and 

John Couch Adams proposed the existence of Neptune to account for anomalies in Uranus‘s orbit, showing that 

gravitational effects could hint at unseen mass. Beyond planets and stars, some 19
th

century astronomers 

considered dark ―nebulae.‖ For example, in 1877, Angelo Secchi noted dark regions in the sky that could not be 

explained by empty space or ―black cavities,‖ recognizing them as massive, unseen structures that influenced 

visible stars. With the advent of astronomical photography, these dark regions became more apparent in dense 

star fields [71].
 

In the early 20th century, Lord Kelvin (1904) applied the kinetic theory of gases to the stars in the 

Milky Way, showing that the relationship between the size of the galaxy and the velocity dispersion of stars 

implied additional, unseen mass. Henri Poincaré (1906) explicitly referred to ―dark matter‖ in this context, 

suggesting that its quantity was likely comparable to that of visible matter. Observations since then have 

confirmed that the gravitational effects in galaxies and galaxy clusters are stronger than can be explained by 

visible matter alone. This led to the notion that there must exist a ―dark‖ substance that interacts gravitationally 

but is otherwise invisible. Early candidates included faint stars, brown dwarfs, or black holes in galactic halos, 

but these were insufficient to account for the observed gravitational effects [72]. Modern physics suggests that 

dark matter could consist of Weakly Interacting Massive Particles (WIMPs), which interact primarily through 

gravity and possibly the weak nuclear force, making them extremely difficult to detect with laboratory 

experiments. Despite decades of effort, direct detection remains elusive. The discovery that the expansion of the 

universe is accelerating—observed through distant Type Ia supernovae—introduced the concept of Dark Energy 

(DE). Dark energy is thought to act opposite to gravity, driving the accelerated expansion of the cosmos. Its 

nature remains unknown: it could be related to the cosmological constant, an intrinsic property of space-time, or 

a dynamic field such as quintessence. Together, dark matter and dark energy make up about 95% of the total 

mass-energy of the universe, yet their fundamental properties remain among the greatest mysteries of modern 

cosmology. 

 

III. The Evaluation and Arrow of Time 
All fundamental physical laws are inherently time-invariant, meaning that the equations governing 

physical phenomena do not specify a preferred direction of time. These laws can be applied equally in forward 

or reverse temporal directions, without indicating which is physically realized. A notable exception, however, is 

the second law of thermodynamics [73]. This law, grounded in statistical principles, states that natural processes 
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tend to evolve toward states of increasing entropy, which is commonly interpreted as a measure of disorder. 

Statistical physics explains this tendency by demonstrating that disordered configurations of a system vastly 

outnumber ordered ones, making transitions toward disorder overwhelmingly more probable. Interestingly, the 

biochemical processes underlying life appear to locally counteract this trend by maintaining and generating 

order [74]. The concepts of time and its progression were further redefined by the special and general theories of 

relativity, which introduced new perspectives on the nature of time. Despite these advances, the fundamental 

nature of time itself remains poorly understood. Similarly, significant questions persist regarding the origin of 

life. While biologists have extensively documented the evolution and diversity of living organisms, and 

chemists have elucidated many complex biochemical processes at the molecular and cellular levels, the 

emergence of primordial life from pre-cellular chemical systems remains unresolved. In particular, the processes 

leading to the development of self-replication and inheritance mechanisms involving RNA and DNA are not yet 

fully understood. Furthermore, it remains uncertain whether life can originate beyond Earth, how it might 

evolve under different conditions, and what methods are most effective for detecting it in extraterrestrial 

environments [75]. From the perspective of general relativity, the initial singularity represents not only the 

origin of the universe but also the beginning of time itself. The fate of time in the later stages of cosmic 

evolution raises equally profound questions. In a closed universe, the final stages are, in some sense, the inverse 

of the beginning.  

As the universe approaches a final singularity, all causal relationships terminate and cannot be 

extended beyond this point, marking the end of time. In contrast, in an open universe, coordinate time continues 

indefinitely from a mathematical standpoint. However, from a physical or operational perspective, as the 

universe approaches a state of ―thermal death,‖ where no significant events or measurable processes occur, time 

loses its practical meaning. Without events to measure, time effectively ceases to have relevance, suggesting 

that even in an open universe, the concept of time may come to an end [76]. A fundamental question arises: 

what distinguishes the past from the future, and what determines the direction of time? This temporal 

asymmetry, often referred to as the ‗arrow of time,‘ is central to human experience. Despite this, the 

fundamental laws of physics are time-symmetric. They permit not only a given sequence of events but also its 

exact time-reversed counterpart. For example, the laws of mechanics allow any motion to occur equally well in 

reverse, and the equations of electrodynamics do not inherently differentiate between past and future. 

Consequently, at the most fundamental level, physical laws exhibit time symmetry. However, real-world 

phenomena display a clear directionality. Events in nature consistently unfold in one temporal direction and not 

the other. For instance, a glass bottle may fall from a table and shatter, but the reverse process which shattered 

fragments spontaneously reassembling into a whole bottlenever occurs. The mechanisms underlying this 

observed temporal directionality in natural processes can be broadly classified into four categories:
 

a. The radiation arrow of time (electromagnetic arrow). The radiation arrow of time, also known as the 

electromagnetic arrow, arises from the behavior of accelerating electric charges, which emit electromagnetic 

radiation. These waves propagate away from the source at the speed of light, carrying energy into the future and 

eventually interacting with distant systems. As a consequence, the emitting system loses energy over time. 

Although the formalism of electrodynamics permits both ―retarded‖ waves (propagating forwards in time) and 

―advanced‖ waves (incoming from infinity and converging upon the source), only retarded waves are observed 

in physical reality. This asymmetry is similarly evident in the emission of gravitational radiation, where energy 

is transmitted away from the source towards the future. 

b. The thermodynamic arrow of time. The thermodynamic arrow of time is defined by the second law of 

thermodynamics, which states that the entropy of an isolated system near equilibrium increases monotonically. 

This direction corresponds to the observable progression of natural processes: objects age, hot bodies cool, and 

systems evolve towards greater disorder. The biological arrow of time derives from this principle, reflecting 

both evolutionary processes and the life cycles of living organisms, including ageing. Although the microscopic 

laws governing particle motion permit processes that decrease entropy, such occurrences are statistically highly 

improbable. Statistical mechanics explains this by demonstrating that disordered states vastly outnumber 

ordered ones, making transitions towards higher entropy overwhelmingly more likely. This tendency is largely 

determined by initial conditions, in which high-entropy states dominate. Consequently, most physical changes 

lead to an increase in disorder. Local and temporary decreases in entropy may occur on small spatial and 

temporal scales—for instance, when a molecule briefly gains or loses kinetic energy through collisions—but 

such fluctuations are short-lived and statistically insignificant. 

c. The cosmological arrow of time. The cosmological arrow of time is associated with the large-scale evolution 

of the universe, particularly its expansion. Observational evidence indicates that as time progresses, the universe 

continues to expand, thereby providing a macroscopic direction to time.The cosmological arrow of time points 

in the direction of the expansion of universe. It may be linked to the thermodynamic arrow, with the universe 

heading towards a heat death as the amount of Thermodynamic free energy becomes almost negligible. 

Otherwise, it may be an artifact of our place in the universe's evolution, with this arrow reversing as gravity 
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pulls everything back into a Big Crunch. If this arrow of time is related to the other arrows of time, then the 

future is by definition the direction towards which the universe becomes bigger. So, by definition the universe 

expands rather than shrinks. 

d. The psychological arrow of time. The psychological arrow of time is rooted in human perception and 

cognition. Memory enables us to recall past events, but not future ones, thereby creating a clear distinction 

between past and future in our conscious experience. This subjective perception gives rise to our intuitive sense 

of the passage of time. An important question is whether these various arrows of time are fundamentally 

interconnected, or whether a single universal arrow underlies them all. The thermodynamic and psychological 

arrows appear to be closely related. The psychological arrow may be regarded as a consequence of 

thermodynamic irreversibility, since cognitive processes—such as memory formation and information 

processing—are governed by physical and chemical mechanisms that increase entropy. The storage of 

information requires energy, a portion of which is inevitably dissipated as heat, thereby increasing the overall 

disorder of the system. Consequently, the direction in which memory is formed coincides with the direction of 

increasing entropy. It may even be argued that our very conception and measurement of time are intrinsically 

linked to this increase in entropy. By contrast, establishing a direct relationship between the radiation 

(electromagnetic) and thermodynamic arrows of time is more challenging. The electromagnetic arrow is closely 

associated with causality within Minkowski spacetime, where electromagnetic interactions propagate in 

accordance with Maxwell‘s equations.  

The thermodynamic arrow, however, emerges from statistical behavior under specific initial conditions that 

favor disorder. Although both are related to causality, their connection is not straightforward. It is conceivable 

that a deeper theoretical framework, possibly within a unified field theory, may eventually clarify their 

relationship. The cosmological arrow of time, which presently aligns with the thermodynamic arrow, may not be 

fundamentally connected but rather coincidental. We exist during a phase of cosmic expansion, and thus the 

observed direction of time appears consistent with this expansion. In a closed universe, where expansion might 

eventually be replaced by contraction, local physical laws—and hence local arrows of time—would remain 

unchanged, even if they no longer coincide with the global evolution of the universe. Earlier hypotheses, 

including those once considered by Stephen Hawking, suggested that the direction of time might reverse during 

a contracting phase. However, this view has largely been abandoned in favor of interpretations proposed by 

Yakov Zeldovich and Igor Novikov, who argued that the cosmological arrow is not fundamental. In the early 

development of quantum theory, antiparticles such as the positron were sometimes interpreted as particles 

moving backwards in time or possessing negative energy, based on formal solutions of the Dirac equation. 

Although these interpretations played a useful heuristic role, they are no longer regarded as physically 

meaningful. In contemporary particle physics, particles and antiparticles are treated symmetrically within the 

Standard Model, with no intrinsic connection to the direction of time. 

So, the relationship between the arrow of time and the anthropic principle offers further insight. The apparent 

agreement between the thermodynamic, cosmological, and psychological arrows may be understood in terms of 

the conditions necessary for the existence of life. Intelligent observers can only arise during a particular stage of 

cosmic evolution, when free energy is available and entropy gradients persist. In the distant future, as stars 

exhaust their energy, galaxies decay, and the universe approaches thermal equilibrium, entropy will reach near-

maximum levels. Under such conditions, no significant physical processes or life-supporting environments will 

remain, and the thermodynamic arrow of time will effectively disappear. Consequently, life and organized 

information processing will cease. It may therefore be concluded that the various ―partial‖ arrows of time are 

manifestations of a deeper underlying principle—namely, causality within locally inertial frames of reference. 

These local arrows collectively establish a consistent temporal direction across spacetime, propagated through 

the transformation laws of special and general relativity, and forming a coherent causal structure throughout the 

universe. 

e. Final Analysis. There exist several competing perspectives concerning the ultimate fate of the universe. 

Some of these originate from theoretical interpretations of the universe‘s beginning, while others arise from 

modern developments in particle physics. Certain models are grounded primarily in mathematical formulations, 

whereas others derive support from observational evidence [77]. Despite significant progress, a definitive 

conclusion remains elusive, and the search for a comprehensive understanding continues. Current observations 

indicate that the universe is expanding at an accelerating rate. The long-term consequences of this expansion—

or a possible future contraction—are central to determining its ultimate fate. A number of theories suggest that 

the present universe may represent a transitional phase within a broader ―bubble universe‖ framework. 

According to the prevailing cosmological paradigm, the universe originated from the Big Bang and has evolved 

continuously since that event. Its eventual fate may involve self-destruction or may result from other large-scale 

cosmic processes.
78

 A substantial body of observational evidence supports the existence of dark matter, which 

appears to play a crucial role in the dynamics of cosmic expansion. Future results from particle physics 

experiments may provide new insights into this issue and refine existing models [79, 80]. Although 
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observational data, supported by applied mathematical analysis, lends credibility to current theories, predictions 

regarding the ultimate fate of the universe remain largely extrapolations based on theoretical reasoning [81, 82].
 

Within the framework of Big Bang cosmology, the expanding universe is a well-established observational 

result. In 1929, Edwin Hubble demonstrated that galaxies are receding from one another, with their velocities 

proportional to their redshift. This discovery laid the foundation for modern cosmology and is now formalized 

within the ΛCDM (Lambda Cold Dark Matter) model. The ΛCDM model provides a comprehensive description 

of cosmic expansion and serves as the standard model of cosmology. In this context, the cosmological constant 

(Λ) represents a form of repulsive energy—often associated with dark energy—that drives the accelerated 

expansion of the universe, while cold dark matter refers to matter moving at speeds much lower than that of 

light during the epoch of radiation–matter equality [83, 84]. Together, these components govern the large-scale 

structure and evolution of the universe, with Λ driving expansion and dark matter contributing to structure 

formation. As the universe continues to expand, its average temperature is expected to decrease progressively as 

it approaches an increasingly diffuse and extended state. Based on this evolution, several possible scenarios for 

the ultimate fate of the universe have been proposed, most notably the Big Crunch, the Big Freeze, and the Big 

Rip. These scenarios will be examined in detail later in the article. Alternative models, such as the Big 

Bounce—which proposes that the current expansion phase follows a prior contraction—and the Big Slurp, 

which arises from considerations related to the Higgs boson and vacuum stability, offer additional perspectives 

and will also be discussed subsequently. If the universe is spatially closed, its total lifetime—from the Big Bang 

to a potential Big Crunch—could be relatively short compared with the characteristic timescales of many 

physical processes. Another important consideration is the possibility that the universe exists in a metastable, or 

―false vacuum,‖ state. In such a scenario, a lower-energy vacuum state may exist, into which the universe could 

transition through a quantum tunnelling process. This issue, concerning the stability and fate of the false 

vacuum, has been explored quantitatively and remains an important topic in cosmology. Additional factors, 

including gravitational effects and finite-temperature corrections, further complicate these considerations and 

will be addressed later in the discussion [85].
 

 

IV. Development of Universein Future 
The future evolution of the universe remains highly uncertain, and it is difficult to determine which of 

the principal evolutionary pathways is realized in reality. A key limitation arises from the insufficient precision 

in measuring the deceleration parameter (q), as well as from uncertainties in estimating the average matter 

density (ρ) of the universe. In particular, the presence of non-luminous or ―dark‖ matter introduces significant 

complications in determining the total mass content of the cosmos [86, 87]. If one were to consider only the 

visible, or ―luminous,‖ matter contained within galaxies and galaxy clusters, the resulting estimates would 

suggest an open universe. However, it has become evident that this luminous component represents only a small 

fraction of the total matter [89, 89]. Observational studies of galactic rotation provide compelling evidence for 

the existence of substantial amounts of unseen mass. Measurements of rotational dynamics indicate that the true 

gravitational mass of galaxies is approximately an order of magnitude greater than the mass inferred solely from 

their luminosity. Furthermore, contemporary observations suggest that galactic haloes extend far beyond their 

previously estimated boundaries and likely contain a significant proportion of a galaxy‘s total mass [90, 91]. An 

even greater discrepancy is observed in galaxy clusters, where the difference between luminous and 

gravitationally inferred mass can approach two orders of magnitude. This additional mass is necessary to 

explain the observed velocities of galaxies within clusters, ensuring that these systems remain gravitationally 

bound. These findings strongly support the presence of dark matter as a dominant component in the large-scale 

structure of the universe [92, 93].
 

This is evidenced by the analysis of the motion of glowing very sparse gas around galaxies. If the mass 

of the galaxy were concentrated only in the visible region, the orbital velocity of the surrounding glowing gas 

would be inversely proportional to the square root of the distance from the center of the galaxy (according to 

Kepler's law) [94, 95]. In a simplified spherically symmetric model, at a distance r from the center of the galaxy, 

the orbital velocity of a substance will be given by the relation v
2
 = G.M(r)/r, where M(r) is the mass contained 

in a sphere of radius r. For a constant density of matter r(r) = r then inside will be v
2 
= (4/3) pr G.r

2
 (orbital 

velocity will increase in direct proportion to the distance r), while outside the galaxy the dependence v
2
 = G.M/r 

will apply, where M is the total mass of the galaxy. Outside the galaxy, according to Newton's laws, the orbital 

velocity of matter (gases) should decrease with the square root of the distance. 
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Figure 1: Typical rotation curve - dependence of the orbital velocity of matter on the distance from the center of 

the galaxy [96, 97].
 

 

Observations indicate that, at distances extending several times beyond the visible radius of a galaxy, 

the orbital velocity of gas remains approximately constant, producing a so-called ―flat‖ rotation curve. This 

behavior suggests that, even in these non-luminous regions, the mass density is comparable to that within the 

visible of the galaxy. In other words, the distribution of matter extends well beyond the regions occupied by 

stars and observable gas [98, 99]. It can therefore be inferred that stars within galaxies, and galaxies within 

clusters, move at velocities that would be sufficient to disperse them into space under the influence of 

centrifugal force and inertia alone, were it not for the presence of an additional gravitational component. This 

discrepancy was first highlighted in 1934 by Fritz Zwicky, who, through spectroscopic observations at the 

Mount Wilson and Mount Palomar observatories, found that galaxies at the clusters—and stars in the outer 

regions of galaxies—move significantly faster than would be expected based solely on the gravitational 

influence of observable (―luminous‖) matter [100].
 

To resolve this inconsistency, it is necessary to assume the existence of a much stronger gravitational 

field than can be accounted for by the classical mass of electrons, nucleons, atoms, and ions that constitute stars, 

planets, and interstellar. This implies the presence of a substantial of non-radiating, or dark, matter that exerts 

gravitational influence [101]. Empirical studies of galactic rotation curves indicate that ordinary galaxies contain 

at least 70% dark matter, with the proportion rising to as much as 90% in dwarf galaxies. Observations of the 

dynamics of galaxy clusters further reveal that dark matter is not confined to individual galaxies but is 

distributed throughout the universe, albeit with varying local densities [102]. Due to gravitational attraction, 

however, dark matter can accumulate in significantly higher concentrations, particularly in the central regions of 

galaxies. Conversely, in large cosmic voids, its density may be an order of magnitude lower [103].
 

This hidden mass is thought to consist of particles that interact primarily through gravity, and possibly 

via the weak nuclear force, although such interactions are negligible due to their short range and low interaction 

cross-section. These particles do not participate in strong or electromagnetic interactions, or at least do not 

produce observable electromagnetic effects. Consequently, dark matter both influences and is influenced by the 

surrounding universe almost exclusively through gravitational interaction. The observed rotational velocities of 

galaxies cannot be explained by the gravitational effects of visible matter alone. This necessitates the existence 

of an unseen gravitational ―binding agent‖ that stabilizes galaxies and galaxy clusters. Without this dark matter 

component, such large-scale structures would be dynamically unstable, and their constituent stars and galaxies 

would disperse into the surrounding [104].
 

 

Dark Matter. Dark matter remains difficult to detect in laboratory settings because it is not known to interact 

with ordinary baryonic matter or radiation, except through gravitational force. The prevailing theoretical 

consensus suggests that dark matter consists of as-yet-undiscovered subatomic particles, primarily weakly 

interacting massive particles (WIMPs) or axions, though an alternative hypothesis proposes it may be composed 

of primordial black holes [105]. Defined as a hypothetical form of matter distributed across vast cosmic regions, 

dark matter provides the gravitational scaffolding required to hold galaxies together. This is evidenced by 

galactic rotation curves, where peripheral regions orbit at velocities exceeding those predicted by the gravity of 

visible matter alone; a similar discrepancy is observed within galaxy clusters. The term "dark" refers to its 

inability to emit, absorb, or reflect electromagnetic radiation, rendering it invisible to traditional telescopes 

[106]. Nevertheless, its existence and spatial distribution can be inferred from its gravitational influence on 

baryonic matter, radiation, and the large-scale structure of the universe. The formation of galaxies and clusters 

during the matter-dominated era was significantly dictated by the universe's composition. Had the cosmos 
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consisted solely of protons, electrons, and light atoms, the intense radiation from the preceding era would have 

inhibited the formation of large-scale structures, resulting in a homogeneous and smooth universe [107]. 

However, the presence of dark matter—which does not interact directly with radiation—allowed gravitational 

contractions to overcome these radiative pressures early on. Consequently, the observed early formation of 

galactic structures necessitates the existence of additional gravitationally interacting matter. This constitutes a 

vital cosmological indicator for hidden matter; it facilitated the development of our Galaxy and, by extension, 

the conditions necessary for the evolution of the solar system and terrestrial life [108].
 

In galaxies and clusters, dark matter is estimated to be approximately ten times more abundant than 

luminous matter, making it the dominant component on large scales. It is important to clarify that "dark matter" 

is a misnomer if it implies the absorption of light, as seen in interstellar dust clouds. On the contrary, dark matter 

is perfectly transparent to all electromagnetic radiation [109]. Beyond universal gravitation, it likely only 

engages in the weak interaction. Due to this lack of electromagnetic interaction, dark matter cannot dissipate 

internal energy or "settle" in significant quantities near stellar bodies, leading to negligible accretion rates. 

Instead, it aggregates into massive formations, acting as a "backbone" upon which ordinary luminous matter is 

deposited [110]. While a massive star embedded within a dark matter halo may theoretically absorb a small 

volume via spherical accretion, the dynamics differ for compact objects. Around supermassive black holes, a 

gravitationally bound, rotating disk of dark matter may form. However, due to a lack of internal friction, this 

dark matter cannot shed angular momentum to descend into lower orbits or be consumed by the black hole; 

consequently, it remains in continuous orbit. Such massive dark-matter disks can significantly perturb the 

structure and dynamics of the surrounding baryonic accretion disk. Beyond its influence on stellar and galactic 

motion, dark matter is detectable through gravitational lensing. Since the curvature of spacetime affects 

electromagnetic rays regardless of whether the source mass is luminous or dark, lensing allows researchers to 

map dark matter distributions independently of visible light. While dark matter could potentially include 

"hidden" baryonic forms—such as ionized intergalactic gas, molecular clouds, or stellar remnants—these are 

classified as baryonic dark matter. Because these objects originate from standard atomic matter, they are 

fundamentally distinct from the non-baryonic particles thought to constitute the bulk of the universe's hidden 

mass [111].
 

Black Holes (BH). A black hole is a gravitational singularity so compact that its escape velocity exceeds the 

speed of light. In Albert Einstein‘s general theory of relativity, which interprets gravity as the curvature of 

spacetime, any sufficiently dense mass is predicted to undergo gravitational collapse into such a state. 

Mathematically, a black hole is a solution to Einstein‘s field equations; the Schwarzschild solution provides the 

simplest model, describing a static, spherically symmetric gravitational field in a vacuum characterized solely 

by its mass. While it is widely accepted that supermassive black holes reside at the centers of most galaxies—a 

view supported by the Event Horizon Telescope‘s (EHT) recent imaging of the accretion disk around Sgr A—

some contradictory evidence and theoretical challenges exist [112]. For instance, the observation of radio galaxy 

NGC1534 suggests a central region significantly fainter than expected for an active black hole, and certain 

mathematical models argue that Hawking radiation could cause a star to lose mass too rapidly to ever reach the 

density required for black hole formation. Black holes of small to medium mass are theoretical candidates for 

dark matter, as they are essentially invisible and occupy negligible spatial volumes. While stellar-mass black 

holes are too infrequent to account for the required dark matter density, primordial black holes (PBHs) offer a 

compelling alternative. These could have formed from microscopic quantum fluctuations that expanded to a 

macroscopic scale during the inflationary epoch, creating high-density regions in the early universe‘s plasma 

that collapsed before nucleosynthesis. Such PBHs would be non-baryonic in origin and could be detected via 

gravitational microlensing—the transient brightening of a distant star as a compact object passes through the 

line of sight [113]. Confirming the existence of PBHs would provide a plausible origin for dark matter without 

necessitating the discovery of new particles beyond the Standard Model. 

The structural distribution of dark matter is governed by its lack of electromagnetic interaction. Unlike 

interstellar gas, which can dissipate kinetic energy through radiation to condense into stars and planets, dark 

matter cannot lose energy through friction or cooling. Consequently, it remains spread out in vast, diffuse clouds 

of galactic proportions rather than forming compact, star-sized structures. This also renders dark matter 

accretion highly inefficient; while baryonic matter loses angular momentum through electromagnetic friction 

and spirals into black holes, dark matter particles likely maintain stable orbits [114]. However, in the high-

density environment of the early universe, dark matter may have acted as a gravitational "skeleton," initiating 

the formation of the first galaxies and potentially contributing to the rapid growth of supermassive black holes 

and first-generation stars. Current cosmological models involving inflationary expansion suggest that the total 

radius of the universe may be several orders of magnitude larger than the observable horizon. This implies that 

the local density observed within our horizon might not represent the global average. Consequently, even a 

precise measurement of the local density near the critical threshold cannot definit ively determine whether the 

universe is open or closed. While current quantum cosmology and inflation models suggest a closed universe 
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that is geometrically near-flat, the long-term evolution of the universe remains tied to how these local and global 

densities eventually interact over vast timescales [115].
 

 

V. Probabilities of End of Universe 
Astrophysics and cosmology are concerned in detail with the study of the evolution of space objects 

and the universe as a whole. The basic astronomical knowledge is the current expansion of the universe where 

individual possibilities are analyzed before.An equally interesting and fundamental problem, such as the origin 

and early stages of the evolution of the universe, is the question of where the evolution of the universe is headed 

in the future? What happens to all the amazing structures and matter in space? Leaving aside unlikely scenarios 

(such as a stationary or oscillating universe), according to the standard cosmological model, the further fate of 

the universe depends on whether the average density of the cosmic mass r is less or greater than the critical 

density [116].
 

Closed universe. A closed universe is a cosmological model characterized by a finite volume and positive 

spatial curvature, effectively creating a space without boundaries, analogous to the surface of a sphere. In this 

scenario, the density of matter and energy exceeds the critical threshold required to sustain eternal expansion. 

Consequently, the gravitational pull eventually overcomes the initial expansionary momentum, leading the 

universe to reach a maximum size before undergoing a contraction phase. During this contraction, the 

cosmological redshift observed in distant galaxies would transition into a blueshift [117]. The temperature of the 

cosmic microwave background radiation would begin to rise, initially at a gradual pace and later with increasing 

intensity. This process culminates in a "Big Crunch"—a final singularity of extreme density and temperature 

where all cosmic structures are annihilated. In a broad sense, the final stages of a closed universe mirror the 

early Big Bang in reverse: rising radiation levels would dismantle atoms back into their constituent elementary 

particles. However, a significant distinction in the final collapse is the presence of numerous compact objects, 

such as neutron stars and black holes [118]. These objects would grow rapidly through the accretion of 

surrounding matter and radiation before eventually merging into a single final state. Despite the theoretical 

depth of the closed universe model, contemporary astronomical observations suggest it is unlikely. The 

prevailing Lambda-CDM model indicates a flat universe with a density very near the critical value. While 

certain analyses of data from the Planck mission have prompted discussions regarding potential positive 

curvature, the consensus within the scientific community remains that the universe is geometrically flat, though 

the debate regarding these subtle topological measurements continues [119].
 

Open Universe. If the cosmic matter density remains below the critical threshold, the universe will expand 

indefinitely. While the standard cosmological model predicts that gravity will decelerate this expansion, it will 

never halt. This vast timescale allows for protracted astrophysical evolutionary scenarios. In approximately 5 to 

7 billion years, the Sun will exhaust its hydrogen reserves and transition into a red giant, likely engulfing the 

inner planets, including Earth [120]. Subsequently, it will collapse into a white dwarf. During this period, 

gravitational instabilities may also cause several planets to be ejected from the solar system. Over the next 10 to 

30 billion years, successive generations of stars will continue to enrich the interstellar medium with heavier 

elements through nucleosynthesis. However, as hydrogen—the fundamental stellar fuel—is depleted, the 

galactic birthrate of stars will steadily decline. Within 100 billion years, most galaxies will go dark, punctuated 

only briefly by occasional supernovae from the final massive stars [121]. Eventually, the universe will be 

populated only by stellar remnants: white dwarfs, neutron stars, and black holes. These compact objects will 

orbit supermassive black holes at galactic centers, gradually cooling to the ambient temperature of the 

expanding cosmos. On even more extreme timescales, the fate of matter depends on the stability of the proton. If 

protons are stable, as current observations suggest, these structures might persist indefinitely. However, 

quantum tunneling could theoretically enable "cold nuclear fusion", eventually converting all lighter nuclei into 

iron. Conversely, if Grand Unification Theories are correct and protons decay, the matter within gas clouds and 

compact bodies will slowly decompose into leptons and radiation [122].
 

Simultaneously, galaxies will collapse into giant black holes as orbital energy is dissipated through 

gravitational waves. By roughly 10^35 years, the universe will be dominated by black holes. While these 

initially grow through accretion, they will eventually succumb to Hawking radiation. After approximately 10^60 

to 10^100 years, even these black holes will evaporate [123]. The universe will then consist of a highly diluted 

mixture of electrons, positrons, photons, and neutrinos, drifting in an eternal, freezing wasteland. This state, 

known as "heat death" or the "Big Freeze," represents a point of maximum entropy where all usable energy is 

exhausted, and biological or chemical processes become impossible.Currently, the scenario of a "Big Crunch" 

has largely been discounted. Observations of Type Ia supernovae indicate that cosmic expansion is not merely 

continuing but accelerating, driven by the elusive properties of dark energy. Whether this leads to a perpetual 

"Great Cooling" or a more violent "Big Rip"—where the fabric of spacetime is eventually torn apart—remains 

an open question. Acknowledging these limitations in our current understanding is essential, as the resolution of 
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fundamental cosmological problems frequently reveals new, deeper mysteries regarding the essence of the 

universe [124].
 

Loss of Information in a Black Hole. The fundamental properties of black holes suggest that during 

gravitational collapse, nearly all information regarding the specific characteristics of the progenitor matter is lost 

to the external universe. According to the "no-hair theorem," a black hole is uniquely defined by only three 

externally observable classical parameters: mass, electric charge, and angular momentum. This lack of 

microscopic structure leads to the "information loss paradox," as the detailed history of the collapsed matter 

becomes inaccessible [125]. In the framework of classical (non-quantum) general relativity, analogies were 

drawn between black hole mechanics and the laws of thermodynamics, linking surface gravity to temperature 

and the event horizon's area to entropy. However, this classical interpretation is inherently inconsistent. In 

classical physics, a black hole is a perfect absorber that emits nothing; therefore, its temperature should be 

absolute zero. Furthermore, its entropy would theoretically be infinite, as a black hole could be formed from an 

infinite number of infinitesimal particles [126]. Without quantum considerations, these thermodynamic 

similarities remain merely formal rather than physically substantive. Because a complete theory of quantum 

gravity remains elusive, physicists employ a "semi-classical" approach to resolve these inconsistencies. In this 

model, the gravitational field (spacetime geometry) remains unquantized, while other physical fields (matter and 

radiation) are treated using quantum mechanics [127]. This approximation is highly effective for describing 

physical reality at scales significantly larger than the Planck length 10^-35 m), failing only in the immediate 

vicinity of a singularity. From the perspectives of statistical mechanics and information theory, entropy 

represents a measure of a system's internal disorder or hidden information. When matter crosses the event 

horizon, the massive amount of information it carries becomes unavailable to the outside world; this lost 

information is quantified as the black hole's entropy. This relationship, where the information content of a 3D 

volume is proportional to its 2D boundary surface (the event horizon), is known as the holographic principle. 

Under the semi-classical approach, it was famously demonstrated that black holes are not truly black but 

undergo "quantum evaporation"—now known as Hawking radiation—whereby they emit thermal radiation and 

possess a finite, non-zero temperature and entropy [128].
 

Holographic Principle. In optics, a holographic image is produced by splitting a beam of coherent laser light is 

directed straight onto a photographic medium, while the other is reflected from the object being imaged before 

reaching the same surface. The interference between these two beams generates a pattern of fine interference 

fringes on the photographic emulsion, encoding information about their phase differences. When this two-

dimensional pattern is later illuminated with coherent laser light, the reflected waves reconstruct the original 

phase relationships, thereby creating the perception of a three-dimensional image of the object [129]. A notable 

property of holograms is that even a fragment of the holographic plate can reproduce the entire three-

dimensional image, although at reduced resolution. By analogy, the two-dimensional surface of a black hole‘s 

event horizon can be considered to encode information about the three-dimensional matter that has fallen into it. 

This idea is often associated with the statement that ―a black hole has no hair,‖ meaning that only a limited set 

of parameters—mass (M), angular momentum (J), and electric charge (Q)—characterize the black hole. 

However, unlike a true hologram, the detailed information about the internal configuration of the absorbed 

matter is not recoverable; it is effectively lost [130]. Despite this limitation, the holographic analogy has 

attracted considerable interest in theoretical physics. Notably, Gerard 't Hooft and Leonard Susskind extended 

this idea, proposing that the information content of physical systems might be encoded on the boundary surfaces 

enclosing them. A conceptual illustration involves a sufficiently large black hole, near whose event horizon the 

laws of physics would approximate those in a freely falling, locally inertial frame, with only minimal tidal 

effects. From the observed proportionality between the surface area of a black hole‘s horizon and its entropy, 

one may infer that information about the matter within the black hole could be associated with its boundary 

surface. However, this interpretation is not strictly accurate, as both the ―no-hair‖ theorem and the entropy–area 

relationship applies to the external properties of the black hole rather than to its internal structure [131].
 

The holographic principle has been further generalized within the framework of superstring theory. In 

this context, it asserts that the informational degrees of freedom within a volume (V) can be encoded on its 

boundary surface, with a maximum information density of approximately one bit per Planck area. More broadly, 

the principle suggests that the physical description of an (N)-dimensional region can be represented by data 

defined on its ((N-1))-dimensional boundary [132]. Within general relativity, however, this concept is rigorously 

supported only in the case of black hole horizons. In other situations, it remains a theoretical extrapolation and 

an unverified hypothesis. Consequently, the notion that the entire universe is holographic remains speculative. 

Although holographic ideas are employed in certain formulations of superstring theory, their physical realization 

is not yet established. Superstring theory itself posits that the fundamental constituents of the universe are not 

point-like particles but extremely small, one-dimensional vibrating strings. It seeks to unify quantum mechanics 

and general relativity, incorporating the concept of supersymmetry to account for both bosons and fermions, and 

is often regarded as a candidate for a ―Theory of Everything.‖ Nevertheless, the question of whether the 



Development of Modern Astro Physics and Evaluation of Universe’s Termination 

DOI: 10.35629/2532-12045685                                    www.questjournals.org                                          72 | Page 

universe is fundamentally holographic remains unresolved, and a cautious, evidence-based conclusion would be 

that such a scenario is unlikely [133].
 

Universe may inside a Gigantic Black Hole. The proliferation of black hole astrophysics between the 1960s 

and 1980s gave rise to several speculative hypotheses, including the "black hole cosmology" model. This theory 

suggests that our observable universe—comprising all known galaxies, stellar structures, and radiation—resides 

within the interior of a gargantuan black hole, which itself may be part of a broader multiverse. A corollary to 

this idea posits that the Big Bang was actually a "Big Bounce," where a gravitational collapse in a precursor 

universe transitioned through a wormhole to form our expanding spacetime. However, these assumptions remain 

unverified and face significant empirical challenges. Specifically, this model conflicts with the cosmological 

principle, which mandates global homogeneity and isotropy [134]. If the universe were inside a black hole, 

observations would reveal a gradient in galactic density, with matter thinning out toward the event horizon and 

condensing toward a central singularity. No such "edge" or central concentration has been detected. While the 

concept remains a popular fixture in philosophical and cultural discourse due to its inherent mystery, it does not 

align with the isotropic universe currently observed by astrophysicists [135].
 

Computational and Information-Theoretic Perspectives. The success of high-fidelity computer 

simulations in modelling cosmic evolution has led some to metaphorically suggest that the universe functions as 

an "autodidactic" software system or a giant quantum computer. While the "simulation hypothesis"—

popularized by media such as The Matrix—suggests we live in a digital construct, most experts regard this as a 

literal impossibility. Instead, a more grounded interpretation is that many physical processes are mathematically 

algorithmizable. This suggests that the universe is inherently knowable and that future advancements in 

quantum computing will allow for even more precise extrapolations of cosmic phenomena, reinforcing the 

concept of the material unity of the world [136]. 

The Concept of Cosmic Consciousness. Another non-standard hypothesis is that of "Cosmic 

Consciousness," which views the universe as a self-aware, living entity. From the rigorous perspective of 

astrophysics and cosmology, this idea is considered overly subjective and anthropomorphic. Scientific 

consensus defines the universe as a largely inanimate and inhospitable expanse, where life is an exceptionally 

rare and precious consequence of matter reaching high levels of complexity through specific evolutionary 

mechanisms. While some environmentalists and alternative naturalists embrace the "living universe" model to 

promote ecological harmony and a sustainable future, there is no objective evidence to support it. Furthermore, a 

distinction must be made between "enlightened scientific materialism"—which seeks to protect the natural 

world through a deeper understanding of reality—and "vulgar materialism," which is associated with 

consumerism and environmental degradation. Ultimately, while these philosophical and science-fiction-inspired 

ideas provide positive social motivation, they lack the empirical foundation required for formal astrophysical 

theory [137].
 

 

VI. Evaluation of the ‘End of Universe’ 
The ultimate destiny of the universe is a central question in physical cosmology, with the outcome 

largely depending on the behavior of dark energy and the universe's overall density. Based on current 

observations, there are several scientifically proposed scenarios for how the cosmos might end. Whatever the 

ultimate fate of the universe, it is clear that the universe does not allow for the possibility of eternal life. The 

question of how the universe will ultimately end remains one of the most profound problems in modern 

cosmology [138]. Scientists believe that the answer depends primarily on two major factors: the nature of dark 

energy and the total density of matter and energy in the universe. Observational data gathered over recent 

decades has led to multiple theoretical possibilities regarding the universe‘s long-term evolution and eventual 

conclusion. Regardless of which scenario proves correct, one consistent implication emerges: the universe is not 

structured to sustain life indefinitely. Everything that exists within it is subject to change, decay, and eventual 

cessation [139].
 

"Phantom" dark energy is a theoretical, highly unstable form of dark energy with density that increases 

as the universe expands, potentially leading to a Big Rip. It is a hypothetical extension beyond standard dark 

energy (which has constant density) and is labeled "phantom" because its properties are bizarre, suggesting 

repulsive pressure exceeding the energy density itself. Now, at the scales of galaxies and galaxy clusters, gravity 

appears stronger than would correspond to astronomically observed "luminous" or absorbing matter composed 

of electrons, protons, and neutrons. So gravitational dark-hidden matter is added. One particularly speculative 

idea in cosmology is the concept of ―phantom‖ dark energy. Unlike ordinary dark energy, which is thought to 

maintain a constant density throughout cosmic expansion, phantom dark energy would actually grow stronger as 

space expands. This unusual characteristic could result in extreme consequences, such as the eventual tearing 

apart of all structures in the universe in an event known as the Big Rip [140]. The term ―phantom‖ reflects the 

strange and counterintuitive nature of this energy, whose repulsive pressure may exceed its own energy density. 

At smaller cosmic scales, such as galaxies and galaxy clusters, observations indicate that gravity behaves more 
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strongly than can be explained by visible matter alone. The matter we can detect—composed of protons, 

neutrons, and electrons—accounts for only a fraction of the gravitational effects observed. To resolve this 

discrepancy, scientists propose the existence of dark matter, an unseen form of matter that contributes additional 

gravitational influence [141].
 

On the larger cosmological scales, where the universe expands, gravity, on the other hand, appears 

weaker than would correspond to the overall attraction of particles of ordinary and dark matter. Therefore, "dark 

energy" is added - a weak antigravity, a force that acts against gravity and independently of matter. Conversely, 

when examining the universe on its largest scales, gravity appears insufficient to explain the observed rate of 

cosmic expansion. Instead of slowing down due to gravitational attraction, the expansion of the universe is 

accelerating. To account for this, scientists propose the existence of dark energy—a mysterious force that acts in 

opposition to gravity. Unlike dark matter, which enhances gravitational attraction, dark energy produces a 

repulsive effect, effectively driving galaxies apart and influencing the large-scale structure of the cosmos [142]. 

Current models of the universe require dark energy to explain the observed acceleration of space expansion 

resulting from measurements of supernova distances in distant galaxies (which appear to be more distant than 

they should be if the expansion of the universe did not accelerate). However, the issues of dark matter and dark 

energy are still being discussed, new measurements are being evaluated, and alternative options are being 

explored? 

Modern cosmological models rely heavily on dark energy to explain observations such as the 

brightness and distance of distant supernovae. These measurements reveal that galaxies are farther away than 

expected under a non-accelerating expansion model, providing strong evidence that the universe‘s expansion is 

speeding up. Despite this, both dark matter and dark energy remain poorly understood. Scientists continue to 

refine measurements, test competing theories, and explore alternative explanations in an effort to better 

understand these fundamental components of the universe [143]. Now question is how will the universe extinct? 

Or what is the ultimate fate of universe? From all our observation of nature and life follows the experience that 

everything that has originated, exists and is evolving, must have its end - extinction. We also attribute this 

property to the whole universe. In this article, in a number of places, it has been investigated astrophysical 

processes, which in the distant future may gradually end the existing processes and the existence of the universe 

as we know it and cause its ‗extinction or death‘. Here, for clarity, let's summarize the basic ways in which, 

according to current astrophysics and cosmology, our universe could to extinct or destroy or die: 

This leads to the central question: how will the universe ultimately end? Observations of nature suggest 

a universal principle—everything that begins, evolves, and exists will eventually cease. Applying this reasoning 

to the cosmos as a whole, scientists have proposed several possible scenarios for its eventual demise [144]. 

These scenarios are based on known physical laws and theoretical extensions of current models, and they 

attempt to describe how the processes sustaining the universe might gradually come to an end. Below is a 

summary of the primary hypotheses regarding the universe‘s ultimate fate [145].
 

a. Infinite Expansion of the Universe or Thermal/Heat Death or Big Freeze. If the gravitational pull of 

matter is insufficient to halt cosmic expansion, the universe will continue expanding indefinitely. Over time, this 

expansion will cause matter to become increasingly diluted, and temperatures will steadily decline toward 

absolute zero. This process leads to what is known as the ―Big Freeze‖ or heat death of the universe. As 

expansion continues, energy becomes more evenly distributed, and all thermodynamic processes gradually 

cease. Stars will exhaust their nuclear fuel over tens to hundreds of billions of years, and no new stars will form 

due to the scarcity of gas. Stellar remnants such as white dwarfs, neutron stars, and planets will slowly decay 

through processes like proton decay. Even black holes, once thought to be eternal, will eventually evaporate 

through Hawking radiation. After an unimaginably long period—on the order of 10⁶ ⁰  years—the universe will 

consist mostly of extremely low-energy radiation and sparse particles. It will approach a state of maximum 

entropy, where energy differences no longer exist to drive physical processes. Since life and information 

processing depend on such gradients, this state effectively marks the end of all activity. Although theoretical 

fluctuations could, over infinite time, briefly reduce entropy, such events would be extraordinarily rare. The heat 

death scenario is widely considered the most probable outcome given current evidence, especially if dark energy 

continues to drive expansion [146].
 

b. The Collapse of the Universe or Big Crunch. In contrast to endless expansion, the Big Crunch scenario 

proposes that the universe could eventually stop expanding and begin contracting. This would occur if the total 

density of matter and energy were high enough for gravity to overcome expansion. In this model, the universe‘s 

expansion slows, halts, and reverses. Over time, galaxies move closer together, temperatures rise, and matter 

becomes increasingly compressed. In the final stages, extreme heat and density would break apart atoms and 

subatomic particles. Eventually, all matter and space-time would collapse into a singularity—a state of infinite 

density and temperature similar to the conditions at the Big Bang. Some theories suggest that such a collapse 

could be followed by another Big Bang, initiating a new universe in a cyclical process. However, this idea 
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remains speculative and lacks direct evidence. Current observations indicate that the universe is likely not dense 

enough to trigger such a collapse, making this scenario less probable [147].
 

c. Infinite Accelerated Expansion of the Universe or Big Rip. The Big Rip scenario extends the idea of 

cosmic expansion by suggesting that it could accelerate without limit. If dark energy grows stronger over time, 

the expansion rate could eventually become so extreme that it overcomes all forms of binding forces. Initially, 

galaxy clusters would disperse, followed by the disintegration of individual galaxies. Later, stars would lose 

their planetary systems, and eventually even atoms and subatomic particles would be torn apart. In the final 

moments, space-time itself could be ripped apart. If phantom dark energy exists, this process could occur 

relatively quickly on cosmic timescales—possibly within tens or hundreds of billions of years. In this case, the 

universe would end in a singularity-like state where distances and energies become infinite [148].
 

d. The collapse of a previous universe- Big Bounce. The Big Bounce theory suggests that the universe 

undergoes repeated cycles of expansion and contraction. Instead of a single beginning, the universe may have 

emerged from the collapse of a previous universe. According to this model, a contracting universe reaches a 

minimum size before ―bouncing‖ back into expansion. This avoids the problem of infinite density by 

incorporating quantum effects, which may prevent the formation of a true singularity. This cyclical view of the 

universe was less favored after the development of inflation theory but has regained some interest as a possible 

solution to unresolved cosmological problems. In this framework, each cycle could produce a new universe with 

different properties [149].
 

e. Vacuum instability - quantum transition of False Vacuum. Another intriguing possibility arises from 

quantum field theory. It suggests that our universe may currently exist in a metastable state known as a ―false 

vacuum.‖ This state is not the lowest possible energy configuration. If a transition to a ―true vacuum‖ were to 

occur, it could begin with the formation of a tiny bubble of lower-energy space. This bubble would expand at 

nearly the speed of light, transforming everything it encounters [150]. The laws of physics inside this new 

vacuum could differ drastically, making the existing universe unrecognizable or destroying it entirely. Although 

this scenario is theoretically possible, the fact that the universe has remained stable for over 13 billion years 

suggests that such a transition is extremely unlikely in the near future. Some theories even propose that such an 

event could give rise to an entirely new universe rather than simply ending the current one. 

f. Final Analytical Summery. It is likely misleading to claim that we can determine the universe‘s exact fate 

with certainty. What we can do, however, is use observational evidence to make informed predictions about the 

long-term consequences of cosmic expansion. Current data does not point to a single, definitive outcome; 

instead, it supports several possible scenarios, each consistent with observations to varying degrees. These 

possibilities reflect different assumptions about the behavior of dark energy and the large-scale dynamics of the 

universe. Some interpretations of recent findings have led to increased interest in the Big Rip scenario, 

particularly in discussions about the role of dark energy in accelerating cosmic expansion [151]. If this 

acceleration continues to intensify, it could suggest a future where the expansion becomes so extreme that it 

ultimately disrupts all structures in the universe. However, this conclusion is not firmly established, and it 

remains one of several competing hypotheses rather than a confirmed outcome. If, on the other hand, future 

observations reveal that the rate of expansion slows down over time, alternative scenarios such as the Big 

Crunch or even a cyclic Big Bounce could become more plausible. In such cases, gravitational forces might 

eventually overcome expansion, leading to a contraction phase or even repeated cosmic cycles. Still, it is 

important to stress that no single scenario can currently be stated with certainty [152].
 

At present, scientists remain deeply engaged in exploring these possibilities, especially those that differ 

significantly from earlier ideas of either a collapsing universe or one that simply cools forever. The classic 

phrase often used by cosmologists as ―some say the world will end in fire, some say in ice‖. It may need to be 

expanded, as newer theories introduce outcomes that are far more complex and unexpected. For example, a 

study published in Physical Review Letters in May 2023 examined predictions of the Big Bounce model. 

According to this idea, if the universe had previously undergone a contraction followed by a rebound, this event 

should have left detectable imprints in the cosmic microwave background (CMB), the faint radiation left over 

from the early universe. However, when scientists compared observational data from the Planck satellite with 

simulations of such a bounce, they did not find the expected signatures [153]. This absence of evidence makes 

the single-bounce version of the Big Bounce scenario less convincing, at least based on current data. Similarly, 

the Big Crunch scenario—in which gravitational forces eventually reverse expansion and cause the universe to 

collapse—has become less favored. Although it remains theoretically possible and could, in principle, lead to 

another Big Bang and the birth of a new universe, present observations suggest that the universe is not dense 

enough for such a reversal to occur. The Big Rip, while dramatic and intriguing, is also not strongly supported 

by existing measurements.  

Although it cannot be entirely ruled out, current evidence does not indicate that dark energy is 

increasing in strength to the extent required for such a catastrophic end. Based on the best available 

astrophysical data, the most likely fate of the universe appears to be the Heat Death or Big Freeze scenario. As 
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noted by astrophysicist Katie Mack, observations suggest that dark energy behaves like a cosmological 

constant—a steady force that drives continuous, accelerating expansion. Under this model, the universe will 

gradually become colder and more diffuse, rather than ending in a sudden collapse or violent disruption. It is 

crucial, however, to acknowledge the significant uncertainties that remain in cosmology. Our understanding of 

the universe‘s large-scale structure, its long-term evolution, and especially the true nature of dark matter and 

dark energy is still incomplete. The data we currently rely on represents only a limited portion of the observable 

universe, and conditions may evolve in ways we cannot yet predict. Because of these uncertainties, none of the 

proposed end-of-the-universe scenarios can be considered definitive. Even models that seem unlikely today 

could gain support with new evidence, while currently favored theories might need revision. In some 

cosmological frameworks, particularly those involving a closed universe, the idea of an oscillating cosmos is 

still conceivable. In such models, a Big Crunch at the end of one cycle could lead to a Big Bounce, giving rise to 

a new universe in an ongoing sequence of cosmic generations [154].
 

g. Revision of Accelerated Expansion of Universe. The idea that the universe is undergoing accelerated 

expansion was first established in the late 1990s, based on observations of around 60 Type Ia supernovae. These 

stellar explosions appeared dimmer than expected, implying that they were farther away than predicted in a 

uniformly expanding universe. This led to the conclusion that cosmic expansion is speeding up, a result that 

quickly gained widespread acceptance in cosmology. However, more recent studies using a much larger 

dataset—hundreds of Type Ia supernovae observed across different regions of the sky—suggest that the rate of 

acceleration may be lower than initially estimated. Some analyses even indicate that this acceleration might not 

be perfectly uniform in all directions. Instead, there are hints of anisotropy, meaning the expansion could vary 

depending on direction. Interestingly, this variation appears to align with our own motion relative to the cosmic 

microwave background (CMB), raising the possibility that at least part of the observed acceleration could be 

influenced by our local position and motion in the universe. If this directional dependence is confirmed, it could 

challenge the assumption that the acceleration is caused by dark energy, which in standard cosmological models 

should act uniformly in all directions. This has led some researchers to consider whether the observed 

acceleration might partially be an observational artifact rather than a fundamental property of the universe [155]. 

In an extreme interpretation, such findings could even call into question the necessity of dark energy itself—

though this remains a controversial and far from widely accepted view. 

Additional skepticism comes from improved understanding of the astrophysical sources used in these 

measurements—namely, Type Ia supernovae. These events have long been treated as ―standard candles,‖ 

meaning their intrinsic brightness is assumed to be consistent, allowing astronomers to estimate distances based 

on how bright they appear. However, newer and more detailed studies suggest that their brightness may not be 

as uniform as once thought. In particular, the properties of the white dwarfs that produce Type Ia supernovae 

appear to play a significant role. Younger white dwarfs—formed from later generations of stars enriched with 

heavier elements (higher metallicity)—tend to produce more luminous supernovae. In contrast, older white 

dwarfs, composed mostly of hydrogen and helium, tend to produce less energetic explosions [156]. This 

variation in intrinsic brightness can mimic the observational effects attributed to cosmic acceleration. As a 

result, the apparent dimming of distant supernovae may not be solely due to the expansion of the universe. 

Instead, part of this effect could arise from differences in stellar evolution and composition. If not properly 

accounted for, these factors could lead to overestimating distances to faraway supernovae, thereby exaggerating 

the evidence for accelerated expansion. To resolve these uncertainties, astronomers emphasize the need for more 

precise and extensive observations. Large-scale surveys, such as those conducted by advanced spectroscopic 

instruments and next-generation telescopes, aim to measure thousands of supernovae and other distant cosmic 

objects with greater accuracy [157]. These efforts will help disentangle cosmological effects from astrophysical 

variables and provide a clearer picture of the universe‘s expansion history. Despite these ongoing debates and 

refinements, the concept of accelerated expansion remains a cornerstone of modern cosmology. The dark energy 

model, while not fully understood, continues to provide the most consistent explanation for a wide range of 

observational data. Nevertheless, the situation remains open to revision, and future discoveries may significantly 

reshape our understanding of the universe‘s dynamics [158].
 

 

VII. Composition and Shape of Universe 
a. Basic Composition. In addition to understanding the large-scale structure and evolution of the cosmos, 

one of the central goals of physical cosmology is to determine what the universe is fundamentally made of—its 

matter, fields, and particles. Scientific evidence shows that the composition of the universe has undergone 

significant changes throughout its history.In the earliest moments after the Big Bang, the universe was 

dominated by fluctuating quantum fields and elementary particles. As it expanded and cooled, these gave rise to 

quarks, which then combined to form baryons such as protons and neutrons. Alongside these were photons, 

electrons, muons, and neutrinos. As conditions stabilized further, the first atomic nuclei—primarily hydrogen 

and helium—formed during primordial nucleosynthesis [159]. Much later, within stars and during supernova 
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explosions, heavier elements were created through stellar nucleosynthesis processes. Today, the observable (or 

―ordinary‖) matter in the universe consists mostly of about 75% hydrogen and 25% helium, with only trace 

amounts of heavier elements. This familiar matter includes baryons, electrons, and radiation such as photons. 

For a long time, scientists assumed that by studying luminous objects—stars, galaxies, and gas clouds—across 

various wavelengths of electromagnetic radiation (optical, infrared, radio, X-ray, and gamma-ray), we would 

eventually uncover the full composition of the universe. However, modern cosmology has dramatically revised 

this picture.  

The introduction of dark matter and dark energy has fundamentally changed our understanding of what 

the universe is made of. Current models indicate that ordinary matter accounts for only about 4–5% of the total 

mass-energy content of the universe. Dark matter contributes roughly 25%, while dark energy makes up about 

70%. This realization has profound implications. It means that everything we can directly observe—stars, 

nebulae, galaxies—is only a tiny fraction of the universe. The vast majority of its content is invisible and not 

directly detectable with conventional instruments. In this sense, observable matter is merely the ―tip of the 

iceberg,‖ while the bulk of the universe remains hidden and largely mysterious. This situation also carries an 

important philosophical (or epistemological) dimension. It highlights the limitations of our knowledge and 

observational capabilities. Despite the sophistication of modern telescopes and detectors, we are still unable to 

directly probe most of the universe‘s contents. Dark matter has not yet been directly detected, and dark energy 

remains even more elusive, with its nature almost entirely unknown. The current estimates of the universe‘s 

composition are not arbitrary; they are derived from highly detailed comparisons between theoretical models—

particularly the Lambda-CDM (ΛCDM) model—and a wide range of precise astronomical observations. These 

include measurements of galaxy distributions, gravitational effects, and especially the intensity, spectrum, and 

tiny fluctuations in the cosmic microwave background radiation—the relic radiation from the early universe 

[160].
 

 
Figure2: Basic composition of universe [161] 

 

b. Shape of Universe. The idea that traveling far enough in one direction through the universe might 

eventually bring you back to your starting point arises from the possibility that the universe has a closed, curved 

geometry rather than being perfectly flat. This question about the universe‘s shape is a fundamental issue in 

cosmology because it directly affects how space, time, and cosmic evolution behave on the largest scales. Data 

from the Planck space observatory provided some of the most precise measurements of the cosmic microwave 

background (CMB)—the faint radiation left over from the early universe [162].By analyzing this ancient light, 

scientists can infer the geometry of the universe. One intriguing result from these observations was the detection 

of slightly more gravitational lensing than expected. Gravitational lensing occurs when massive structures bend 

the path of light due to the curvature of spacetime. Researchers, including Alessandro Melchiorri and his 

collaborators, suggested that this extra lensing signal might indicate that the universe is not perfectly flat. 

Instead, it could be ―closed,‖ meaning it has a spherical geometry. In such a universe, space curves back on 

itself. As a result, if you could travel in a straight line for an immense distance, you might eventually return to 

your original location—similar to circumnavigating the surface of the Earth, but in three-dimensional space. 

This interpretation challenges the standard cosmological model, which assumes a flat universe—one with no 

overall curvature, extending infinitely in all directions. Most other cosmological observations, including galaxy 

distributions and large-scale structure measurements, strongly support this flat geometry. That‘s why the Planck 

result is both intriguing and controversial. The reasoning behind the ―closed universe‖ interpretation is that the 

additional lensing could imply more total matter—particularly dark matter—than previously estimated. A higher 

matter density would increase gravitational effects and could curve the universe into a finite, spherical shape 

rather than leaving it flat. However, it is important to treat this conclusion with caution. While the Planck data is 



Development of Modern Astro Physics and Evaluation of Universe’s Termination 

DOI: 10.35629/2532-12045685                                    www.questjournals.org                                          77 | Page 

अत्यंत precise, the indication of a closed universe is not universally accepted. Many scientists believe the result 

may arise from statistical anomalies, systematic uncertainties, or limitations in the data analysis rather than 

reflecting the true geometry of the cosmos [163].
 

 
Figure 3:What is the shape of universe: a sphere or round or flat? [164]

 

 

VIII. Astro Physicsand the Human Hope 
Astrophysics can indeed be seen as a source of hope, but it also confronts us with difficult, sometimes unsettling 

perspectives. On one hand, it helps us understand our origins, anticipate cosmic dangers, and develop 

technologies that improve life on Earth. It offers a ―cosmic perspective,‖ encouraging humanity to think beyond 

borders and recognize a shared destiny. On the other hand, when we reflect deeply on what modern cosmology 

tells us about the long-term evolution of the universe, it can evoke a sense of existential uncertainty about the 

ultimate meaning and future of human existence. From a human standpoint, the challenges we face are not only 

cosmic but also self-created. Many of the most immediate threats to civilization arise from human behavior—

conflict driven by power, inequality, and ideological divisions. History shows that greed, nationalism, and rigid 

belief systems can lead to destructive wars. In the modern era, the existence of weapons of mass destruction 

means that such conflicts could have catastrophic, even civilization-ending consequences [165]. Environmental 

degradation is another major concern. Industrialization and overconsumption have led to pollution, depletion of 

natural resources, and disruption of ecosystems. Climate change is linked in large part to greenhouse gas 

emissions like carbon dioxide, as it is widely recognized as a serious global issue. While scientific discussions 

continue about the scale and pace of different contributing factors, there is strong consensus that human activity 

plays a significant role in altering Earth‘s climate systems [166].
 

 

a. Population growth also raises complex challenges. Rapid increases in population can place strain on 

resources, infrastructure, and ecosystems if not accompanied by sustainable development, education, and 

economic opportunity. However, it is important to approach this issue carefully and responsibly. Framing 

populations or regions as inherently ―unproductive‖ or harmful is not accurate and can lead to harmful 

generalizations. In reality, the key factors influencing sustainability are access to education, healthcare, 

economic systems, governance, and technology—not inherent traits of particular groups. Solutions typically 

focus on improving education (especially for women), access to healthcare, and economic development, which 

historically lead to stable population growth and improved quality of life. For humanity to progress peacefully, 

efforts are needed to reduce inequality, promote critical thinking, and encourage cooperation across cultures and 

beliefs. Social systems that foster fairness, scientific understanding, and mutual respect are more likely to 

support long-term stability. Division—whether political, economic, or religious—can weaken our collective 

ability to address global challenges [167].
 

b. Earth’s Atmosphere. Earth‘s atmosphere is essential for maintaining conditions suitable for life, including 

temperature regulation, air pressure, and protection from harmful radiation. One major concern today is the 

increase in greenhouse gases, particularly carbon dioxide (CO₂ ), which contributes to global warming. If left 

unchecked, rising temperatures could disrupt ecosystems, raise sea levels, and create conditions that are 

increasingly difficult for many species, including humans. Over extremely long timescales, Earth may also 

gradually lose parts of its atmosphere to space. This is a natural process influenced by solar radiation and the 

planet‘s gravity. While this is not an immediate concern on human timescales, it highlights that planetary 

habitability is not permanent [168].
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c. Planet Earth. Earth itself is a dynamic and sometimes dangerous system. We live on a relatively thin crust 

divided into tectonic plates that move slowly over time. Their interactions cause earthquakes and volcanic 

activity. Beneath the surface, the mantle contains hot, flowing rock driven by convection currents. In rare cases, 

massive volcanic eruptionsoften referred to as super-volcanoes and that can have global consequences. These 

eruptions can release enormous amounts of ash and gas into the atmosphere, potentially blocking sunlight and 

causing significant climate disruptions. Yellowstone National Park is one of the most well-known regions 

associated with such volcanic potential, although any eruption on that scale would be extremely rare. Another 

long-term risk involves Earth‘s magnetic field, which shields the planet from harmful charged particles emitted 

by the Sun (the solar wind). This field is generated by the motion of molten material in Earth‘s outer core. Over 

geological timescales, changes in the core could weaken this magnetic field. If significantly reduced, more high-

energy radiation could reach the surface, posing risks to life and potentially contributing to atmospheric loss. 

Loss of the atmosphere would have severe consequences. Without it, liquid water would gradually disappear, 

temperatures would fluctuate dramatically, and the planet would become increasingly inhospitable—similar to 

conditions observed on Mars [169]. 

 
Figure 4: The Planck satellite‘s map of the cosmic microwave background [170]

 

 

d. A Balanced Perspective. While these scenarios—cosmic, environmental, and geological—can seem 

overwhelming, it is important to keep perspective. Many of the most dramatic cosmic events will occur over 

timescales far beyond human civilization. More immediate challenges, such as climate change, conflict, and 

sustainability, are areas where human action can make a meaningful difference. Astrophysics does not only 

highlight our fragility; it also emphasizes our uniqueness and interconnectedness. The same science that reveals 

the eventual fate of stars and galaxies also shows that life on Earth is rare and precious. Rather than leading only 

to pessimism, this knowledge can motivate cooperation, responsibility, and long-term thinking. 

e. Near Space (e.g. Asteroids). Near-Earth Objects (NEOs) are asteroids or comets that travel within 1.3 

astronomical units (approximately 195 million kilometers) of the Sun, often bringing them into the vicinity of 

Earth‘s orbit. More than 37,000 near-Earth asteroids (NEAs) have been identified, many of which are remnants 

from the early formation of the Solar System. Within the Solar System, not only do the well-known planets, 

including Earth, orbit the Sun, but there also exists a vast number of smaller bodies of varying sizes. These 

range from microscopic particles and small meteorites to objects measuring tens or even hundreds of kilometers 

in diameter, commonly referred to as asteroids. The term ―asteroid‖, meaning ―star-like‖, originates from their 

appearance through early telescopes, where they resembled faint points of light similar to distant stars, although 

unlike stars, they move across the sky like planets.Some of these bodies intersect planetary orbits and may 

collide with planets, be captured by their gravitational fields, or strike their surfaces at extremely high 

velocities—often tens of kilometers per second. As a result, all terrestrial planets are heavily marked with 

impact craters formed by such collisions. Thousands of these objects also cross Earth‘s orbit. Smaller bodies 

typically burn up in the atmosphere as meteors, contributing an estimated millions of tons of material annually. 

The Earth‘s atmosphere provides effective protection against these smaller ―space projectiles‖, as they 

disintegrate before reaching the surface. Even larger meteorites generally pose limited danger, as they lose most 

of their kinetic energy due to atmospheric friction, with much of their mass vaporizing before impact. 

However, larger asteroids also occasionally intersect Earth‘s orbit. While such encounters are usually harmless 

due to timing, there remains a measurable probability of collision. Astronomers often describe this situation 

metaphorically by stating that we ―live in a cosmic shooting range‖. Objects measuring tens of meters in 

diameter and weighing over 1,000 tons could cause significant local destruction. In contrast, the impact of a 

body several kilometers in size would release energy exceeding 10²² joules—equivalent to more than a million 

thermonuclear explosions. Such an event would not only devastate regions spanning thousands of kilometers but 

also eject vast quantities of rock, gas, and dust into the atmosphere. Molten debris falling back to Earth could 

ignite widespread fires, while atmospheric dust could block sunlight for years, leading to severe climate 

disruption. This could result in a global environmental catastrophe potentially threatening the survival of 
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humanity. A similar event is believed to have occurred approximately 65 million years ago, leading to the 

extinction of the dinosaurs and many other species. Earth has experienced multiple such collisions in the past 

and is likely to do so again in the future. Currently, humanity lacks reliable means to prevent such large-scale 

cosmic impacts.Advances in astronomical observation are gradually improving our ability to detect hazardous 

asteroids and predict potential collisions. Two primary strategies have been proposed to mitigate such threats: 

1). If sufficient warning is available—potentially several years—it may be possible to alter an asteroid‘s 

trajectory by applying force, ideally perpendicular to its motion. Proposed methods include the use of nuclear 

devices to create a propulsion effect through material ejection, high-powered laser systems, or spacecraft 

positioned nearby to exert gravitational influence. 

2). Alternatively, the asteroid could be fragmented using explosives. However, this approach is less desirable, as 

the resulting fragments may still follow similar trajectories and impact Earth. While smaller fragments may burn 

up in the atmosphere, this method remains uncertain and is considered less effective.  

At present, technological limitations prevent the practical implementation of these strategies, leaving humanity 

largely dependent on observation and early warning systems. 

 

f. Distant Universe (e.g. Supernovae and Gamma-Ray Bursts). If a nearby star within approximately 30 

light-years were to explode as a supernova, the immense release of energy—particularly in the form of high-

energy ionizing radiation—could have catastrophic consequences for life on Earth. Even more distant 

phenomena, such as gamma-ray bursts (GRBs) occurring hundreds or thousands of light-years away, may pose 

significant risks if their emission is directed towards Earth. These bursts are typically produced by events such 

as the collapse of massive stars, neutron star mergers, or matter accretion around black holes. Their effects could 

extend across the entire Solar System. Gamma-ray bursts are among the most powerful and energetic events 

known in the universe, capable of releasing more energy in a few seconds than the Sun will emit over its entire 

lifetime. They are classified into long-duration (greater than two seconds) and short-duration (less than two 

seconds) bursts. Although no GRBs originating within the Milky Way have been conclusively observed, the 

possibility of past or future occurrences remains under investigation. Long-duration GRBs are often associated 

with exceptionally luminous supernovae (hypernovae), while certain massive stars like luminous blue variables 

(LBVs) and rapidly rotating WolfRayet starsare believed to end their life cycles in such events. 

g. The Sun and Its Future. In approximately five billion years, the Sun will exhaust its hydrogen fuel and 

expand into a red giant, potentially engulfing the inner planets, including Earth, before eventually collapsing 

into a white dwarf. Even if humanity were able to avoid other existential threats—such as asteroid impacts, 

global conflicts, super-volcanic eruptions, ecological crises, or cosmic radiation—Earth‘s long-term survival 

remains limited by the evolution of the Sun. Over the next three billion years, the Sun‘s energy output is 

expected to increase by roughly 40%, raising global temperatures, evaporating the oceans, and rendering the 

planet uninhabitable. During its red giant phase, the Sun may expand sufficiently to engulf Mercury, Venus, 

Earth, and possibly Mars. However, mass loss through intensified solar wind could increase planetary orbital 

distances, potentially allowing Earth to escape direct engulfment. Even in such a scenario, Earth would remain a 

barren and lifeless world. As hydrogen fusion in the Sun‘s core declines, it will lose hydrostatic equilibrium, 

causing its outer layers to expand. Eventually, the Sun will shed these layers, forming a planetary nebula, while 

its core becomes a white dwarf—a dense, cooling stellar remnant that emits residual heat for trillions of years. 

In the extremely distant future, it may cool further into a theoretical black dwarf. Maintaining Earth‘s 

habitability over long timescales would require gradually increasing its orbital distance from the Sun. While 

currently beyond technological capability, such adjustmentson the scale of millimeters per year. It could 

theoretically be achieved using gravitational interactions with asteroids or other massive bodies. However, even 

if such interventions were possible, later stages of solar evolution would present further challenges. Increased 

radiation, high-energy particle emissions, and eventual cooling of the Sun would create conditions unsuitable for 

life. Any surviving civilization would likely need to undergo profound transformation to endure such an 

environment. 

h. Global Evolution and Extinction of the Universe. By the time the Solar System reaches its end, humanity 

may attempt to escape Earth and colonize other potentially habitable regions of space. However, at present, such 

prospects remain highly uncertain. This raises a further question: what ultimately lies ahead for civilization?If 

the universe were closed and eventually collapsed into a highly dense, high-energy state—a so-called ―big 

crunch‖—there would be little prospect for survival. Conversely, if the universe is open and continues 

expanding indefinitely, an immediate catastrophic end may not occur. Nevertheless, in a perpetually expanding 

and cooling universe, it would become increasingly difficult to locate regions where usable energy remains 

available.This scenario leads to the concept of the ―thermal death‖ of the universe, in which all energy becomes 

evenly distributed and no useful work can be performed. Under such conditions, the continuation of human 

civilization would be impossible. Living systems rely on ordered forms of energy like food, which are inevitably 

converted into disordered energy (heat), thereby increasing overall entropy.Even in a distant future where 
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civilization might transform into advanced forms—perhaps involving highly efficient information processing or 

even non-biological, electronic systems—the fundamental laws of thermodynamics would still apply. Although 

energy efficiency could improve significantly, energy would still be required to maintain any structured system, 

including memory storage. Inevitably, some of this energy would be dissipated as heat, increasing disorder. 

According to thermodynamic principles, the increase in entropy always exceeds the local increase in order, 

meaning that such advancements could only delay, rather than prevent, eventual decline.A speculative, though 

largely theoretical, source of hope lies in the concept of the multiverse. This idea suggests that our universe may 

be just one of an infinite number of universes, each with its own physical properties. Collectively, these 

universes—often referred to as parallel or ―bubble‖ universes and that would encompass all of existence, 

including space, time, matter, and energy. 

i. Final Analysis. Although individual universes may eventually end through collapse or heat death, the 

multiverse as a whole could persist indefinitely, with new universes potentially giving rise to new forms of life. 

However, this offers no direct assurance for the survival of humanity within our own universe.At present, the 

universe is believed to be in the Stelliferous Era and that is the age in which stars actively form and shine. Over 

immense timescales, it is expected to transition into a Dark Era, characterized by maximum entropy, the absence 

of usable energy, and the eventual cessation of all astrophysical activity. Some speculative theories, such as the 

―dead universe‖ hypothesis, even propose that our current universe may have originated from the collapse of a 

previous one. The result of expansion the temperature of universe will have been getting down, as universe 

achieving maximum size of universe [171, 172].Consequently, two possibilities emerged to deciding the 

ultimate fate of universe:Big Crunch or Big Freeze and Big Rip [173, 174].Both will be discussed later of the 

article. On the other hand,Big Bounce (in this theory of big bounce, the present universe is a phase of expanding 

or contracting universe. This theory explains about the expansion, as big bang come subsequently after big 

crunch) [175] and Big Slurp theory (where a new possibility about the fate of universe arises after the 

conception of Higgs Boson particle)[176, 177] have explained different concept and also will be discussed 

later.If the universe is closed, then the total lifetime of the universe, from Big Bang to Big Crunch, can be 

relatively short in comparison with the characteristic time scales of many of the physical processes.The universe 

is currently in a false vacuum state. In other words, a lower energy vacuum state exists and the universe can 

someday tunnel to that lower energy state [178, 179]. This problem, the fate of the false vacuum, was first 

explored quantitatively later in this article [180]. Additional effects have also been discussed subsequently, 

including gravity and finite temperature effects. 

 

IX. Conclusion 
The development of modern astrophysics and cosmology concerning the ultimate fate of the universe 

has evolved from largely theoretical speculation, based primarily on gravity, to a data-driven discipline 

dominated by the study of dark energy. Current scientific consensus, supported by observations of the 

accelerating expansion of the universe, strongly favors a cold, diffuse end-state. However, recent preliminary 

findings have introduced the possibility of a future cyclical collapse. With these approximations, researchers are 

also able to explore quantum effects in the early universe. Contemporary approaches to quantum gravity, 

including holographic principles, suggest that classical spacetime and even Einstein‘s field equations may 

emerge from fundamentally quantum processes such as entanglement. These ideas have been applied in 

cosmological models describing expanding universes originating from a Big Bang. Nevertheless, certain 

formulations of holographic gravity appear limited in realism, particularly because they often assume a negative 

cosmological constant. More general cosmological solutions within such frameworks may involve time-

dependent scalar fields, which could allow for more realistic cosmic evolution, including late-time accelerated 

expansion. Observationally, these models might be distinguished from the standard ΛCDM framework by 

features such as a decreasing dark energy component. Early cosmological models, developed between the 1920s 

and 1980s by figures such as Georges Lemaître and Albert Einstein, focused on whether gravitational attraction 

would eventually halt cosmic expansion, leading to a Big Crunch, or whether expansion would continue 

indefinitely, resulting in a ―Big Chill‖. During this period, the prevailing model assumed a hot Big Bang 

followed by gradual cooling.A major shift occurred after 1998, when observations revealed that the expansion 

of the universe is accelerating rather than slowing. This discovery redirected scientific consensus towards a 

future dominated by dark energy, making the ―Big Freeze‖ or heat death scenario the most widely accepted 

outcome. In the framework of precision cosmology, particularly the ΛCDM model, modern observations and 

that using instruments such as the Hubble Space Telescope and missions like Wilkinson Microwave Anisotropy 

Probe—indicate that the universe is spatially flat and will continue expanding indefinitely. This would 

ultimately result in a state of maximum entropy: a cold, dilute distribution of particles. As expansion proceeds, 

galaxies will recede ever further from one another under the influence of dark energy. Stars will exhaust their 

nuclear fuel, and black holes will gradually evaporate through Hawking radiation.  



Development of Modern Astro Physics and Evaluation of Universe’s Termination 

DOI: 10.35629/2532-12045685                                    www.questjournals.org                                          81 | Page 

The universe will therefore approach a cold, dark, and highly diffuse condition. In more extreme 

scenarios, if dark energy were to intensify, it could overcome all gravitational binding, tearing apart galaxies, 

stars, planets, and even atomic structures in a so-called Big Rip. Although considered unlikely, some recent 

analyses for example, those associated with DESI and DES surveys suggest that dark energy may not be 

constant. If it were to weaken, gravitational forces could eventually dominate, potentially reversing expansion in 

approximately 20 billion years and leading to a renewed collapse followed by another Big Bang. If the universe 

were to enter a future inflationary phase, the scale factor would increase at an accelerated, effectively 

superluminal rate. As a consequence, distant astrophysical objects would move beyond the observable horizon 

and become causally disconnected. From the perspective of any observer, the visible universe would appear to 

shrink, as galaxies and stars cross beyond the so-called cosmological horizon and their emitted light becomes 

infinitely redshifted.In the most probable scenario, however, expansion continues indefinitely. Stellar processes 

will cease, galaxies will fade, and the universe will evolve into a cold, dark void characterized by maximum 

entropy. The Big Freeze, therefore, remains the most widely supported long-term outcome. Alternative 

possibilities still exist. If the density of the universe were sufficiently high, gravitational forces could eventually 

halt and reverse expansion, leading to a collapse into a high-density, high-temperature state. Such a process 

might give rise to a cyclical model, in which a Big Crunch is followed by a new Big Bang, potentially repeating 

indefinitely. Ultimately, the fate of the universe depends critically on both its overall density and the behavior of 

dark energy, which remains poorly understood. While current observations favor a flat, ever-expanding 

universe, these conclusions rely on simplified assumptions about the equation of state of dark energy. If the 

theory of cosmic inflation is correct, the early universe experienced a phase dominated by a different form of 

dark energy. The eventual end of inflation suggests that the properties of dark energy may be more complex 

than currently assumed. It is therefore conceivable that its behavior could change again in the future, leading to 

outcomes that are difficult to predict or model. Given that both dark energy and dark matter remain largely 

enigmatic, the ultimate fate of the universe is still, to some extent, an open scientific question. Modern 

astrophysics has shifted from expectations of a fiery end, like a Big Crunch, to a ―cold‖ conclusion in the form 

of a Big Freeze. Some scientists, including Roger Blandford, have suggested that this pursuit provides a source 

of intellectual and cultural hope, encouraging curiosity and offering a sense of purpose that extends beyond 

mere survival.However, ongoing research continues to refineand occasionally challengethis picture. Beyond its 

scientific implications, astrophysics also offers a broader philosophical perspective.  
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