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Abstract: With over 5000 confirmed exoplanets, astronomers need a more simple and efficient way to evaluate the
habitability of each planet. The goal of this research project is using data from the NASA Exoplanet Archive and the ESI
index (earth similarity index) to rank rock samples- a sample of terrestrial (rocky) prefiltered to be located within their
star's habitable zone- planets based on two main criteria : planetary size and distance from their host star . Our results
successfully rank some high probability worlds and identify top tier candidates such as Kepler 1649c and Ross 128 b at the
apex of similarity to earth. To minimize assumptions and to account for the majority of planetary surfaces, this project
isolates interior ESI, evaluating candidates strictly on physical parameters: planetary size, bulk, and density. Ultimately
this provides a baseline for future atmospheric characterization.
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. INTRODUCTION

The field of astrobiology provides ground for the
intersection of the fields of astronomy and biology ; it looks
at the biological origins of the universe, studies the future of
the species in space and researches possible life outside of
earth.

The rapid expansion of exoplanetary (planets outside of
our solar system) discovery due to telescopes like Kepler and
James Webb has led to it becoming more and more critical to
find a way to distinguish habitable and uninhabitable planets
among their midst of the thousands already discovered.

It is vital to turn to exoplanets to further technological
advancements which is important to improve ourselves as a
species further. To allow us to develop space and learn more
about it is crucial to developing a further understanding of our
universe.

It is also essential to learn more about exoplanets as
human actions by burning greenhouse gasses will slowly
raise the earth's temperature making it an uninhabitable
environment for humans to live in . This is why the finding of
hospitable environments on exoplanets is one of the most
crucial scientific quests of our time, not only for
technological discoveries, but for the future survival of
humans as a race.

This project's main goal is to use the NASA Exoplanet
archive (NASA Exoplanet Archive, n.d.) to identify the most
likely candidates from the presently discovered planets. This
will be done through ESI in two main criteria :

NISRT260CT900

e Planetary size - this is important that they have enough
mass to have a strong enough gravitational pull to support
water, even in frozen form, to long enough to support life
astronomers use the percentage of earth's mass as an
index of the size the smallest planet must be at least 0.268
of earth's mass. Planetary size

e Planetary density and bulk - bulk density (the mass
considering volume) s critical to determining a planets
habitability as it reveals the planet's broad internal
composition allowing astronomers to distinguish between
gaseous worlds, water dominated worlds, and iron rich
planets. This is critical information for choosing a suitable
habitable planet.

To address this we will use ESI to compare the planets
in the NASA exoplanet dataset in the two key metrics | have
provided : Planet mass/ size, Planetary bulk density. This will
provide us with a key metrics to address the question in this
paper, identifying and ranking the top five discovered
exoplanets most likely to support life outside of earth, and
which is likely to be able to support humans on the surface.

1. METHOD & DATA ANALYSIS

The data set for this investigation was compiled from
using the confirmed exoplanets from the NASA exoplanet
archive. Out of more than 5,000 confirmed entries a
multistage filtering algorithm was used to isolate rocky
terrestrial planets, the planets with the most chance of
supporting surface liquid water, a multi stage filter was
applied in order to find the planets most likely to support life.
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To narrow down the dataset, planets were evaluated
against two mandatory physical parameters :

e Planetary Mass - The planets in my study will be
restricted to a lower mass bound of 0.268 M@ (where
M@ is earths mass). This ensures that the gravitational
pull is strong enough to retain a stable atmosphere

o Planetary bulk and density - The planets in this project
must have a lower planetary bulk bound of 3.8 g/cm3 and
the highest bound of 6.0 g/cm, this ensures a planet is
inhabitable, and falls into the category of rocky and
terrestrial planets (Rogers, 2015)

To evaluate and rank the remaining candidates we will
implement the ESI index (earth similarity index) (Schulze-
Makuch et al., 2011)to find planets most likely to sustain life
like our own. Calculating ESI allows a simple way to measure
a planet's similarity to our own The formula used to calculate
ESlis:

X=Xp

ESIx = (l -

X+x0 (1)
Where:

x- is the exoplanets property (e.g : radius, temperature,
density)

Xo- IS the earth's baseline for that same property
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w,.- the weighting exponent, which determines how sensitive
the index is to deviations

By calculating the individual ESI of the two main
criteria, it allows for an overall geometric ESI score to be
calculated using all of the components to provide a more
reliable outcome :

1

n
ESIgeneral —_— nlzl(ESIl n @)

Here we multiply our results together for n times, in this
study n=2 this calculates the avarge . Planets scoring closest
to 1.00 have the highest chance of supporting life and
sustaining liquid surface water. This shows planets closest to
earth parameters, meaning since earth supports life, is likely
to hold life as well.

1. RESULTS & TOP 5 CANDIDATES

To answer the research question, a sample of 30
terrestrial planets was extracted from the NASA exoplanets
archive by applying initial boundaries for mass ( M >
0.268 @), orbital distance, and EST (273 K- 343 KO. Using
spreadsheet modeling, the two step ESI formula was applied

to calculate the physical similarities to the earth's baseline
(1.00).

Table 1 ESI Formula
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Across the 30 planet dataset, ESI scores ranged from
0.67 ESI to 0.97, the range of values | analyzed.. The planets
were then ranked based on the final scores to isolate the most
promising worlds. The top 10 candidates were then selected,
and then the top 5 worlds are highlighted to represent the most
earthlike worlds based off of the ESI index
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The top five green highlighted candidates have the earth
index scores that are over 0.93 as this is the achieving near
unity scores. These are the planets that have the least amount
of deviations from terrestrial values. The top 10 scores were
also extremely promising with ESI indexes over or equal to
0.90.
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Table 2 ESI Scores

Rank Planet name Interior ESI score
1 Kepler-438 b 0.9773389249
2 Kepler-1649 c 0.9565110925
3 Ross 128 b 0.943434084
4 TRAPPIST-1 f 0.9400260122
5 L 98-59 f 0.9337945622
» Some Key Data Points Demonstrated by Our Analysis V. CONCLUSION

Include:

o Kepler- 438b : This is the top ranking candidate with an
interior ESI 0.97. It’s a near perfect physical match with
a favorable equilibrium EST of 276 K. This minimizes the
mathematical penalties in the geometric formula.

e Candidates ranked 6th-10- these are promising
candidates, they have an interior ESI score of 0.90 and
above. They still demonstrate a high promise in terms of
physical similarities.

e Variability : The database variability suggests that
meeting the requirements and parameters in the database
does not guarantee perfect earth similarities. For example
the last planet in the database : K2-72 e has an interior
ESI of 0.67, meaning the similarity is much less likely to
support life.

» Evaluation of Results:

The result of this investigation shows that the
mathematical similarity to earth does not guarantee
habitability. While in my investigation Kepler-438 b has
shown the highest mathematical similarity, due to its highly
similar physical proportions, these scores must be evaluated
from a border astrophysical point of view.

The main limitation with an ESI model is that it relies
solely on bulk physical metrics, ignoring the atmospheric
conditions of the planet itself :

o Stellar Activity and radiation : Kepler 438 b which was
one of our top candidates sits next to a highly volatile M
dwarf star which releases massive amounts of radiation,
stripping it of its atmosphere, making it uninhabitable.
(Armstrong et al., 2015) This example shows the
limitation of this model. However these results are still
valuable in helping us find a physical match to know what
physical parameters we’re looking for

e Atmospheric Composition : The ESI index only measures
a planets physical similarity to earth and completely
disregards the atmosphere of the planets. For example it
ignores the atmosphere composition meaning a planet
scoring 0.9 could be virtually uninhabitable due to the
greenhouse gas particles

To reduce the limitations that come with just using ESI
the next step would be to perform advanced spectroscopic
studies on the high scoring planets, this will provide a
definitive habitability test. This can be done through new age
technology, for example the James Webb Space Telescope
and the upcoming Nancy Grace Roman Space Telescope.
(Gardner et al., 2006)
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In conclusion, in this study we have successfully
evaluated the structural and geological habitability of
terrestrial exoplanets, by implementing a two parameter
interior ESI using NASA’s exoplanet archive data. By
implementing a filtering algorithm we have identified top tier
candidates such as Kepler-438b, Kepler-1649c, and Ross
128b which closely mimic earth's physical architecture.
However our mathematically close results don’t guarantee
habitability, however they provide a strong groundwork for
future research in the area. In the future we must bridge the
gap between interior modeling and atmospheric
charachtarizaition.
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