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Abstract

Given the many possible variables in the detection of life and the habitability of planets, there
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Eccentricity

The eccentricity of a planet’s orbit can be crucial for determining habitability. If a planet’s

must be a method implemented to efficiently process the data collected from the Kepler telescope = . orbit is too eccentric it can lead to planets that cannot maintain liquid water year round as they
and other imaging systems. The general process of identifying a habitable exoplanet first includes — ;L:f‘f - ....’° . move farther and closer to their host star.
collecting spectroscopy data, among other information regarding a particular exoplanet. Finally, _,::_I_-ég?; _— Linsenmeier et al. (2015) studied the influence of both obliquity and eccentricity for ocean
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these planets are determined to be habitable in accordance with the analysis, which should

covered planets orbiting a Sun-like
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produce information such as the location of an exoplanet with respect to its star’s habitable zone, 3 — ﬁ“ﬂ . _,;” ;';,._ s star on a 365 day orbit and a 24 hour day,
and the planet’s possible composition. This research has made use of the NASA Exoplanet Archive, : — ’t}“*."?.,'a? £ like Earth. They found that planets with
which is operated by the California Institute of Technology, under contract with the National T :+_.+_ : f":ii._ﬁ ‘ eccentricities higher than 0.2 can only )
Aeronautics and Space Administration under the Exoplanet Exploration Program. . :—'i' ;%riéﬁ:\j : sustain surface liquid water for a partof o
N 4 the year.
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Of the planets on NASA’s exoplanet
archive, only 808 have eccentricities of
Less than 0.2. That is 21.7% of the
planets that could potentially sustain
liquid surface water year round.
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Approximating Habitable Zones : | I--ll- I

In general, the habitable zone (HZ) refers to the area around a particular star where liquid . , mm EEE
water could exist on the surface of a planet in orbit, given the parameters of the host star and the e
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planet being observed. An approximation of the inner and outer boundaries of the HZ is given by N Fig““? . Figure 8 Wass:0.65M,, GM:0'1811M‘~% Rpdius:1.021R,, 00-0329R, ,
the equations r = /%4 and », = /% , where r,and r_are the values of the inner and outer radius, L o S oo 02 L S, - =
is the absolute luminosity of the host star, and the values 1.1 and 0.53 are constants describing = e
. . . . . . . e pl_rad
stellar flux at the inner and outer radius respectively. This estimate is based on the concentration . o o
and form of CO, in the atmosphere of a planet which relates to a stable atmosphere and the - Surface GraV]_tatlonal Acceleratlon
presence of liquid water on the surface. X . o : : 1 e1s _
. . . . C " : . Gravity is an essential aspect on all planets in terms of habitability. Gravity influences the
Fig. 1 depicts the relationship between star luminosity and the position of the HZ (increasing ’ ’ tai { £ at bers b d P del . 1l as th g’l' ot Y . h
. o e . . . . . . T . retainment of atmospheric compounds and elements as well as the ability to survive on the
distance at a square root rate), while Fig. 2 displays the position of each viable planet in their » ’ s , : B i s Yo
. . . : e . s . planet S Surface. Mass vs. Gravitational Acceleration
respective zones ((pl_dist - lower_zone_ dist) / zone_width). Most are clustered around the . . T e I h t th o
, o , , g S b T e AR S e n a research paper at the -
inner limit of the HZ. Overall, in the dataset, lanets are located in a favorable HZ. e . PR » 1 ' ' ; : : o D1 -
39P : . RF SIS IR 0 010203 Gifon) 0 07 08 09 1 Universidad Politécnica de Madrid, it
o %0 5 .\'.'. .: & . . &\ 00
i ORI .'f"" ‘o PR % was found that there is a correlation g
igure 1 g o Jgfep o % °, o ° e . . . . g
st Goldlocks Zone vs.Host Star Luminasiy Figure 2 : Foen- ¢ o ¢ 0 Wy ot s, Hisures Mass:6.6487M o,:1.8211M  Radius:1.4046R,, 0,:0.0988R, between the gravitational acceleration T a
Goldilocks Zone Planets . °e hy a0 e ¥ z : « & Lo i and the mass of the planet. % .
D i s . = * o 9. ey . . : 3 6000
10 . o N 3 . LIS A SO Surprisingly, those categorized as < X
o . e ° T : . : Super-earths had a similar g .
= » 5 ’ . Y * gravitational acceleration of the g .. I
5\:1 I & - '. e : S .h. .. @ < @ .. . S ® .0 .o % . . eaI'th. ) & . o
- ('é 06 & ® @ e : .,.,.;g:. ?:.i...‘ " : 0. .: .0. . - * s ©® . ) .‘. : O. ‘ ] 0 .*~m ¢ L ’ he x 7
: 3 f; . | : .-.00 L L oo = . - Figure 11 = : = - - = =
5 . o -S . P ' Mass (Jupiter Masses)
ji E) 14 ¢ g o Planet Mass (Earth Masses) a2 L -
o® 12 ’ 2 1 0 01 02 03 0(#("00?'\) 06 0.7 08 09 1 Future Or
- y s ’ s Further analysis into the habitability of exoplanets should look into the atmospheric
e Planet Composition her analysis into the habitability of exop . P
! o compositions of top candidates in detail, based on spectroscopy data, in order to

000 025 050 075 100
Zone Width

200 400 600 800

Planetary composition is an exoplanet characteristic depending on various factors -- the gases and elements during solar
system formation, distance from the sun, and even proximity to other massive / dense planets (Seager 2007). Because of these
determinants, some of which may be known but have an unknown combined results, it is difficult to categorize a given planet
as being likely to have a large ocean or being composed of mostly metallic compounds (Seager 2007). For this dataset, in order
to improve prediction accuracy of the makeup of each planet, three models were used: comparing to a Harvard dataset
mapping theoretical masses and radii to distinctions between 100% iron, 45% water planets, etc., the Birch-Murnagham EOS
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determine if signs of water do exist on the planet. Additionally, a deeper evaluation of
some of the most promising candidates, such as Trappist-1e and Kepler-22b, would be
beneficial in developing the parameters that are deemed necessary to habitability an in
narrowing the search for signs of life. Furthermore, we could try to incorporate tidal
locking into our determination of what could be a habitable work. We could also try to
get our data to be more accurate by cross referencing the NASA exoplanet database with
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qul 10r1uin emp erature (Equation of State) which is a set of isothermal equations that relate planet volume to projected surface pressure and can 15%h20 2 other databases to fill in any gaps that there were.
. o . . . . 20%f 0
According to a study done by Kaltenegger and Sasselov, for planets similar to Earth in size, therefore predict to some extent whether or not it is feasible for, CO_, for instance, to be present in gaseous form, and ternary 20;:20 1
the limits of the habitability zone can be can be defined by a planet's equilibrium temperature plots to interpret the computational ambiguities of likely solid exoplanets -- below ~20M . (Zeng 2008, Seager 2007). 5%fe 1 Reference S
falling between 175K and 270K. This range considers the temperature needed for liquid water to As seen in Fig. 5, the transition between rocky and gaseous occurs at ~0.1 Jupiter masses, and intermediate data points are  25%h20 7
. . . .. considered Super-earths. laree planets that can fall into either erou (Lissauer 2004) In the Kepler dataset. 2656 planets are 30%fe 4 Kaltenegger, L., & Sasselov, D. (2011). Exploring The Habitable Zone Forkeplerplanetary Candidates. The Astrophysical
exist on the surface, given atmospheric conditions, such as the greenhouse effect, that would p , 1alge plane group | : pler da » 2050 P I — Journal, 736(2). doi110.1088/2041-8205/736/2/125
exist on a theoretically habitable exoplanet. Of those planets with a listed equilibrium too small and dense to maintain a thick gaseous envelope around their cores and 1055 could be classified as gas giants. Some 35%fe 3 Kasting, J. F., Whitmire, D. P., & Reynolds, R. T. (1993). Habitable Zones around Main Sequence Stars. Icarus, 101(1),
temperature, 17 fall within the T — of the results from Model 1 classification (Harvard) which involved plotting the theoretical mass v. radius data, creating 35%h20 2 108-128. doi:10.1006/icar.1993.1010 o
] i 1 thmic 1 fbest fit d tchi the test set to th . b ot i+ with th . that . . 11 40%fe 2 NASA Exoplanet Archive. Caltech.https://exoplanetarchive.ipac.caltech.edu.
range, as shown in Flg. 3. ogarithmic lines of best I1t, and matcning the test set to these equations by assocClating 1t wi € equation that was minimally 40%h20 3 Seager, S., Kuchner, M., Hier-Majumder, C. A., & Militzer, B. (2007). Mass-Radius Relationships for Solid Exoplanets.
Only 4 planets satisfy the distant, are shown in Fig. 6. This was not applied to all planets, but only those < 35M_ because the data cannot be extrapolated — ss«fe 1 The Astrophysical Journal, 669(2), 1279-1297. doi:10.1086/521346
. . . . . . . 11 3 0 ilva, L., Vladilo, G., Schulte, P. M., Murante, G., & Provenzale, A. (2016). From climate models to planetary habitability:
accurately for more massive planets. Fig. 4 displays a more detailed but still incomplete summary. gkhzer g8 St
Goldilocks Zone restrictions . y P . 8 4 . P y P ry 59%fe ; Temperature constraints for complex life. International Journal of Astrobiology, 16(03), 244-265.
and are in the viable Fig. 7 is a graph of the mass-radius relationship between planets such that M (scaled mass) < 1000 (most accurate for My i d0i:10.1017/51473550416000215
temperature range -- < 40, but still a good benchmark if M > 4). According to the experimental EOS calculated for different substances, a study has  soxfe - Surface gravity on many exoplanets similar to that of Earth, study finds. (2018). ScienceDaily. Retrieved 20 April 2018,
- . . . _ ) _ k3 50%h20 3 from https://www.sciencedaily.com/releases/2017/06/170601095521.htm
Kepler 22b, Kepler 1653b, : derived ?.Il approx1mate power law fOHOW}Ilg the format 1Og10RS — kl + 75 logm(MS). kzMS (Seager 2007)’ The constant§ kl’ k2’ E5%fe 8 Torres, G., Kane, S. R., Rowe, J. F., . .. Quintana, E. V. (2017). Validation of Small Kepler Transiting Planet Candidates in
Kepler 1652b, and and k3 differ across compounds that dominate a planet’s structure. Most planets lie below the expected curve values, which S or near the Habitable Zone. The Astronomical Journal, 154(6), 264. doi:10.3847/1538-3881/2a984b
TRAPPIST 1e ] indicates that their radii are lower than expected and that the planets may be composed of denser materials or combinations 60%fe 5 Zeng, L., Sasselov, D. D., & Jacobsen, 5. B. (2016). Mass—Radius Relation For Rocky Planets Based On Prem. The
o ’ . . . . diEhTs: i Astrophysical Journal, 819(2), 127. doi:10.3847/0004-637x/819/2/127
giving these planets a hlgh of iron, water, and perovsklte that were not focused on in the StUdy (Seager 2008). . Zeng, L., & Seager, S. (2008). A Computational Tool to Interpret the Bulk Composition of Solid Exoplanets based on Mass
chance of being habitable Fig. 8-9 are examples of interior composition ternary plots for the planets TRAPPIST-1f and LHS-1140 respectively, both s G and Radius Measurements. Publications of the Astronomical Society of the Pacific, 120(871), 983-991.
by Earth-like life. of which have an equilibrium temperature within 175-270K, low eccentricity, and are of near Earth size and mass. The sides of ~ 70xe 4 doi:10.1086/591807
the triangular diagram represent the theoretical mass fractions of iron, water, and silicate assuming that the planet in question = 70%*"%0 0 q ] l d t
. . . . o . . 75%fe 3 ‘A?
has a tri-layer form. The MATLAB program used to determine this has its limitations; it can only handle mass parameters e s CKI1O C gemen S
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between 0-10 M, and radii between 1-2 R which are near-Earth values (Seager 2008) Further work can include potentially 80%fe 0 We would like to thank Arjun Savel, Kim Ambrocio, Zachary Sweger, Erika Hearts, Jessica
80%h20 2

extending this capability to gaseous or large rocky planets.
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