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ABSTRACT:

This research paper attempts to undertake a thorough and all-encompassing comparative analysis, meticulously
examining the multifaceted facets of both Earth and Kepler-452b, a remarkable exoplanet intriguingly
positioned within the confines of its parent star's habitable zone. By meticulously exploring various critical
aspects encompassing size, composition, atmosphere, and the all-important potential habitability factors. We
aim to gain deep insights into the remarkable similarities and intriguing differences that exist between these
celestial entities. Furthermore, this scholarly investigation aims to embark on an exploratory journey to assess
the potential habitability of Kepler-452b, judiciously considering its inherent Earth-like attributes and
meticulously scrutinizing the prevailing conditions that are deemed vital for nurturing and sustaining life, in
accordance with our current knowledge and understanding. The careful combination of thoughtful
observations in astronomy, well-crafted theoretical models, and the valuable knowledge gained from past
research will form the solid foundation of this rigorous and scientifically sound comparative analysis.
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INTRODUCTION:

In the vast expanse of the cosmos, humanity's quest for knowledge has led us to explore distant worlds and
search for celestial bodies that resemble our own precious planet, Earth. Among the myriad discoveries made
in the field of exoplanet exploration, one remarkable find has captivated our imagination: Kepler-452b, a
distant world nestled within the depths of space. Known as Earth's "older cousin,” Kepler-452b shares striking
similarities with our home planet, igniting our curiosity and prompting a deeper examination of the
characteristics that make Earth a haven for life. As we delve into the intricate tapestry of Kepler-452b's
features and compare them to Earth's, we unravel the marvels of both celestial bodies, gaining profound
insights into the possibilities of habitable worlds beyond our solar system.

EXOPLANETS AND HOW ARE THEY MEASURED:

The quest to discover exoplanets, planets situated outside our solar system, necessitates a sophisticated and
intricate approach involving an array of precise measurement techniques. Scientists adopt a pointwise
methodology, meticulously gathering data to unravel the enigmatic nature of these distant celestial bodies.
These measurements, acquired through various intricate procedures, serve as the cornerstone for confirming
the existence of exoplanets and comprehending their distinctive attributes. Ranging from meticulous radial
velocity measurements that discern infinitesimal shifts in starlight to intricate spectroscopic analyses that
decode the composition and atmosphere of exoplanets, each measurement technique offers profound insights
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into the intricate tapestry of these extraterrestrial realms. By employing these sophisticated measurements,
astronomers navigate the intricate cosmos, striving to discern the potential habitability, orbital dynamics, and
even the presence of life on these ethereal worlds.

Thus, this exploration into the realm of exoplanet measurements unveils a realm of knowledge that advances
our comprehension of the cosmic fabric and our place within it. Scientists employ various methods to detect
and study exoplanets:

1. Transit Method: This approach involves observing a star and looking for periodic decreases in its
brightness caused by a planet passing in front of it, blocking a fraction of the star's light
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Figure 6. Charbonneau et al. first observation of HD209458b [12].

By monitoring these light variations, astronomers can deduce the presence, size, and orbital characteristics of
the exoplanet.

2. Radial Velocity Method: This technique relies on detecting tiny changes in a star's velocity caused by the
gravitational pull of an orbiting exoplanet. As the planet orbits, its gravitational influence causes the star to
exhibit a slight back-and-forth motion. By studying these variations in the star's radial velocity, scientists can
infer the presence and properties of the exoplanet.

3. Direct Imaging: This method involves directly capturing the light emitted by the exoplanet itself.
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Figure 1. The CCD frame of 2M1207b [5].

Since exoplanets are much fainter than their parent stars and located in their close proximity, this method is
particularly challenging. Advanced telescopes equipped with adaptive optics and coronagraphs are used to
block out the star's glare and capture the faint light from the exoplanet.

4. Gravitational Microlensing: This technique utilizes the gravitational bending of light by massive objects,
such as stars and exoplanets, to detect the presence of exoplanets. When a foreground star with a planet passes
in front of a background star, the gravitational field of the foreground star acts as a lens, magnifying the light
from the background star. By carefully analyzing the resulting brightening and dimming of the background
star's light, scientists can determine the presence and characteristics of the exoplanet.
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These measurement methods, combined with advanced instruments and telescopes, have greatly expanded our
knowledge of exoplanets. They continue to play a crucial role in discovering and characterizing these distant
worlds, providing valuable insights into the formation, diversity, and potential habitability of planets beyond
our solar system.

KEPLER-452b:

Kepler-452b came into the scientific spotlight during a trial run of the Kepler Science Operations Center
(SOC) 9.2 codebase in May 2014. It was discovered by J. Twicken, who evaluated the performance of an
improved channel codebase for detecting small, cool planets by examining the Earth quest channel results.
Kepler-452b, a captivating exoplanet, captivates scientists with its intriguing characteristics. With a radius 1.6
times that of Earth, it is slightly larger in size and orbits at a distance slightly greater than our home planet.
Positioned within the habitable zone of its parent star, Kepler-452, this exoplanet receives approximately 10%
more stellar radiation than Earth, which raises questions about its habitability. Speaking of its parent star,
Kepler-452 is a G-type star, similar to our Sun but about 1.5 billion years older and 20% more massive. While
Kepler-452b may have a rocky composition, the higher intake of solar radiation suggests it might not be
conducive to sustaining life as we know it. However, the possibility of water presence adds another layer of
intrigue to this captivating world.

COMPARISON BETWEEN EARTH AND KEPLER-452b:

A comparative analysis between Kepler-452b and Earth unveils intriguing parallels and distinctions regarding
their respective orbits and distances from their parent stars. The following comparison has been made:

ORBITAL DYNAMICS COMPARISON
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Delving into their orbital dynamics, we find that both planets traverse elliptical paths around their stellar
counterparts. However, the specifics of Kepler-452b's orbit differ from Earth's nearly circular trajectory around
the Sun. The intricate characteristics governing Kepler-452b's orbital motion are currently subject to intense
scientific scrutiny, albeit its remarkable placement within the habitable zone parallels our own planet. This
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fortuitous positioning implies a comparable solar energy reception, heightening the potential for liquid water to
exist on Kepler-452b's terrain.

Habitability Factors on Earth and Kepler-452b

Regarding interplanetary separation, Kepler-452b's precise orbital distance from its star remains undisclosed,
yet its residency within the habitable zone indicates an optimal range conducive to maintaining climatic
stability and fostering liquid water. In stark contrast, Earth's judicious distance from the Sun endows it with a
relatively stable climate that has provided a hospitable environment for the genesis and longevity of life.
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Whilst intriguing similarities emerge in terms of habitable zone residency and the prospect of liquid water,
Kepler-452b remains shrouded in uncertainties pertaining to its specific orbital characteristics and the presence
of other essential prerequisites for life. The unrelenting pursuit of further exploration and scientific inquiry into
exoplanets such as Kepler-452b galvanizes our understanding of the intricate tapestry of planetary systems and
the prospects for habitability beyond the confines of our own celestial abode.

SURFACE TEMPERATURE COMPARISON

Kepler-452b's surface temperature remains uncertain, but it is speculated to be higher than Earth's due to its
larger size, proximity to its star, and potential greenhouse effect. Earth has an average surface temperature of
around 15 degrees Celsius, regulated by its distance from the Sun and atmospheric composition. Kepler-452b's
higher stellar radiation may result in significantly higher surface temperatures, potentially challenging its
habitability and the existence of liquid water. Further research is needed to determine the precise surface
temperature and understand the factors influencing it on Kepler-452b.

ATMOSPHERIC COMPOSITION COMPARISON:

Although the exact composition of its atmosphere remains uncertain, scientists speculate it may contain gases
crucial for supporting life, such as nitrogen, carbon dioxide, and oxygen. Understanding the atmospheric
conditions and greenhouse effects on Kepler-452b is vital to assess its habitability and potential for liquid
water. Further research aims to investigate its climate states under varying CO2 concentrations and evaluate if
it possesses a partially ocean-covered surface or acts as an aquaplanet with extensive oceans. The role of
carbonate-silicate weathering reactions in regulating atmospheric CO2 levels is also being examined.
Researchers seek to determine if Kepler-452b has undergone water loss and estimate its water-loss rate. By
gaining insights into these factors, scientists hope to enhance our understanding of exoplanets and the
conditions required for life beyond Earth.
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HOST STARS COMPARISONS:

Kepler-452

The Sun, a G-type main-sequence star, stands as our familiar celestial powerhouse, while Kepler-452 shares
this classification, being a star similar to our Sun.In terms of size, the Sun dwarfs Kepler-452 with its vast
diameter of approximately 1.4 million kilometers, making it significantly larger. Nonetheless, Kepler-452 still
boasts a noteworthy size, being around 10% larger in radius compared to the Sun. Considering mass, the Sun's
immense weight of roughly 1.989 x 103° kilograms surpass our knowledge of Kepler-452's mass, which
remains uncertain due to limited observational data. However, scientific approximations posit that Kepler-452
might possess a slightly higher mass than the Sun.Turning to age, estimations indicate that the Sun has graced
the cosmos for approximately 4.6 billion years. In contrast, Kepler-452, being approximately 6 billion years
old, boasts a slightly greater age, hinting at its venerable existence predating our Sun.Both the Sun and Kepler-
452 belong to the esteemed group of main-sequence stars, signifying their stable phase of stellar evolution.
During this phase, nuclear fusion within their cores generates the vital energy that sustains them. This
commonality suggests that Kepler-452 may share a similar lifespan to our Sun.

STELLAR RADIATION:

KEPELER-452B

Stellar radiation depends mainly on three factors:
1.Star Characteristics

2.Distance from Star

3.Atmosphere

SUN predominantly emits electromagnetic radiation within the visible light spectrum, with its peak emission
occurring in the yellow-green portion. Kepler-452, being slightly more substantial and advanced in age
compared to our Sun, signifies a star in a more evolved state. Consequently, the radiation emitted by Kepler-
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452 closely resembles that of the Sun, yet it may manifest subtle dissimilarities owing to its distinct age and
evolutionary stage.

CONCLUSION:

In conclusion, the primary objective of this research paper is to undertake a comprehensive comparative
analysis between the Earth and Kepler-452b, an intriguing exoplanet positioned within the confines of its star's
habitable zone. The study delves into a wide array of fundamental aspects, encompassing size, composition,
atmosphere, and potential habitability, with the overarching aim of discerning both the striking similarities and
intriguing differences that exist between these celestial entities. Throughout the paper, significant emphasis is
placed on the profound importance of employing precise measurement techniques, including the utilization of
cutting-edge methodologies such as transit, radial velocity, direct imaging, and gravitational microlensing, all
of which play a pivotal role in the accurate detection and meticulous study of exoplanets. Kepler-452b exhibits
certain intriguing resemblances with our home planet, yet its potential for sustaining life is notably challenged
by higher levels of stellar radiation. The comparative analysis encompasses a comprehensive examination of
critical aspects such as orbital dynamics, habitability factors, surface temperature, atmospheric composition,
and the unique characteristics exhibited by their respective host stars. However, it is imperative to
acknowledge that to gain a truly comprehensive and profound understanding of Kepler-452b and the complex
conditions that govern the existence of life beyond Earth's boundaries, further extensive research endeavors are
indispensable.

REFRENCES :

1. Yongyun Hu, Yuwei Wang, Yonggang Liu, and Jun Yang (2017),Climate and Habitability of Kepler 452b
Simulated with a Fully Coupled Atmosphere—Ocean General Circulation Model ,doi:/ 10.3847/2041-8213/aa56¢4

2.  Zigi Dai, Dong Ni, Lizhuang Pan and Yiheng Zhu,(2012), Five methods of Exoplanet detection, doi:/
10.1088/1742-6596/2012/1/012135

3.Jon M. Jenkins, Joseph D. Twicken, Natalie M. Batalha, Douglas A. Caldwell, William D.
Cochran, Michael Endl, David W. Latham, Gilbert A. Esquerdo, Shawn Seader, Allyson Bieryla,(2015)
Discovery and validation OF Kepler 425b :A 1.6 Re Super Earth Exo planet in the Habitable Zone of a G2
Star,doi:/ 10.1088/0004-6256/150/2/56

4.  https://www.independent.co.uk/voices/comment/take-earth-add-a-billion-years-of-evolution-and-you-get-
kepler452b-yikes-10414393.html

5. https://exoplanets.nasa.gov/exoplanet-catalog/5471/kepler-452-b/
6.Adam mann (2016),The perfect Planet,doi:/10.1073/pnas.1606281113
7. Pierrehumbert R. T. (2010) Principles of Planetary Climate (Cambridge: Cambridge Univ. Press)

JETIR2307320 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | d157


http://www.jetir.org/

