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ABSTRACT 
In 2015, after the discovery of Kepler-186f, the fifth exoplanet in orbit of its star, Kepler-186, we investigated for three 

new undetected planets in the Kepler-186 system [1]. Of the planets which are owned by the Kepler-186, the first Earth-

like planet and far from its star is Kepler-186f. Considering the order of these five discovered planets, there is a strong 

possibility for the existence of three new and undetected planets. Theoretically, we have recognized these three new planets 

locating before and after Kepler-186f. The first two new planets, orbit in the gap between Kepler-186e and Kepler-186f, 

and are called Kepler-186e(X1) and Kepler-186e(X2) respectively. The third planet also orbits in the exterior region of 

Kepler-186f is called Kepler-186f(X1). Now, after 6 years, we have reinvestigated these findings using the new 

information and data available. 
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INTRODUCTION 

Exoplanet or extrasolar planet is a planet that orbits a 

star other than the Sun, a stellar remnant, or a brown 

dwarf. An exoplanet is a planet located outside the 

Solar System. The first verified recognition of 

exoplanets was announced in 1992, with two planets 

found orbiting a pulsar and also the first confirmation 

of an exoplanet orbiting a main sequence star was made 

in 1995, when a giant planet was found in a four-day 

orbit around the nearby star 51 Pegasi.  

Some of these exoplanets detected directly by 

telescopes, but the most of exoplanets have been 

discovered through indirect methods such as the transit 

method and the radial-velocity method.  As yet (May, 

2021), astronomers have recognized about 4521 such 

planets, in 1212 planetary systems and 482 multiple 

planetary systems [1].  

Recently new results were presented to discovery of the 

first planet at a conference on 19 March 2021, and it is 

called Kepler-186f [1-3]. Accordingly, Kepler-186f, as 

the first Earth-size planet, located in the liveable zone 
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of its star which is known as Kepler-186[4, 5]. Kepler-

186 is a main-sequence red dwarf star, M1-type class 

and located by 151±18 parsecs (492±59 light years) 

away in the constellation of Cygnus (Fig 1). 

 

 
Fig 1. A 2MASS J band image, the star 2MASS 

J19543665+4357180 (Kepler-186) is highlighted [6]. 

 

It is a little cooler than the sun, with roughly half its the 

metallicity about Fe/H-0.28±0.10. Stars with a higher 

metallicity than the Sun are more likely to have planets, 

especially giant planets, than stars with lower 

metallicity [7]. In astronomy, the metallicity or Z of a 

star, is an approximate estimation of their chemical 

abundances that change over time by the mechanisms 

of stellar evolution [8] or other kinds of astronomical 

objects, excluding their hydrogen (X) and helium (Y). 

Kepler-186 planetary system is included by five planets 

with physical radii of 1.0 − 1.5𝑅⨁ and orbital periods 

of 4-130 days [9]. The Kepler-186 planetary system 

hosts have known planets including Kepler-186f, an 

Earth-sized planet in the HZ [10, 11].  

The aim of this paper is to investigate for possibility of 

some new exoplanets between Kepler-186e and 

Kepler-186f and after Kepler-186f in Kepler-186 

planetary system theoretically.  

Using Kepler's third law and with help of a simple 

mathematics, we try to realize some properties of these 

achievable new planets such as semi-major axis, orbital 

period and location of these planets and compare with 

solar system.  

 

KEPLER-186f 

Many planets orbiting other stars, have been found by 

researchers and astronomers from last decade [1, 2]. 

But up to now they did not find any habitable planet 

similar to Earth. In 2014, the first Earth-size planet, 

discovered in the habitable zone of its red M-dwarf star 

(Kepler-186) and it is called Kepler-186f [4, 5]. Except 

Kepler-186f, this system is consist of four extra planets 

so that these planets are probably rocky or at least solid 

[9, 12].  

The smallest one, Kepler-186b, is only 8% larger than 

Earth, while the largest one, Kepler-186d, is almost 

40% larger. 

Kepler-186f is situated with 490 light years from Sun 

(151 pc from the Earth), ~10 % larger than Earth and 

rocky in nature[13]. This  new planet have been 

detected with NASA's Kepler spacecraft exploration, 

using the transit method, along with four additional 

planets (all modestly larger than Earth) orbiting much 

closer to the star [4]. Kepler-186f  orbits its M-dwarf 

star with about 4% of the Sun's luminosity with an 

orbital period of 129.9 days and an orbital radius of 

0.36 [4] or 0.4 [9] times that of Earth's (compared to 

0.39 AU for Mercury).  

The discovery of Kepler-186f confirms that Earth-size 

planets exist in the habitable zones of other stars and 

signals a significant step toward finding a world similar 

to Earth [14]. All exoplanets which have previously 

been found in the habitable zone, they are all at least 

40% larger in size than Earth, and understanding their 

form is challenging. Kepler-186f is more significant of 

Earth, but there is other possibility to find out three 

more new and undetected planets between Kepler-186e 

and Kepler-186f and also further distance of Kepler-

186f in Kepler-186 planetary system. 

 

THREE NEW THEORETICALLY 

CALCULATED EXOPLANETS 

According to our investigation and research work 

presented in this paper, It is found that, three new and 

undetected planets is possible in Kepler-186 planetary 

system. The first two new planets, orbit in the gap 

between Kepler-186e and Kepler-186f and here called 

Kepler-186e(X1) and Kepler-186e(X2) respectively, 

and the third planet also orbits in the exterior region of 

Kepler-186f which is called Kepler-186f(X1).  

With regarding to our precise mathematical (not 

mentioned in this paper) and calculations it is show that 
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these planets are following by Kepler's third law 

accuracy so that these new exoplanets, orbiting with 

Semi-major axis of 0.1816(AU), 0.2685(AU) and 

0.5871(AU) respectively. Moreover,  the orbital period 

of Kepler-186e(X1), Kepler-186e(X2) and Kepler-

186f(X1) also calculated with 0.1104, 0.1985 and 

0.6401 in Earth year unit, respectively. For non-

crossing orbits, the eccentricities of Kepler-186c, 

Kepler-186d, Kepler-186e and Kepler-186f, have to be 

lower than 0.3, 0.13, 0.2 and 0.6 respectively[15], but 

the radius and ellipticity of these new planets have not 

calculated yet in our calculation (Table 1).

 

 

Table 1. Kepler-186 system 

Exoplanet 
Radius 

R⊕ 

Semi-major axis 

AU 

Orbital period 

(Earth year) 
e 

Kepler-186b 1.08  0.0380 3.887 < 0.24 

Kepler-186c 1.25  0.0562 7.267 < 0.3 

Kepler-186d 1.39  0.0831 13.343 < 0.13 

Kepler-186e 1.33  0.1228 22.408 < 0.2 

Kepler-186e(X1) - 0.1816 40.288 - 

Kepler-186e(X2) - 0.2686 72.436 - 

Kepler-186f 1.11  0.3971 129.946 < 0.6 

Kepler-186f(X1) - 0.5871 233.636 - 

 

The situation of all planets included in Kepler-186 system and solar system, shown in the following Fig 2 as below. 
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Fig 2 
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CONCLUSION 

In this paper, we have concentrated our investigation 

on newly found planets in Kepler-186 system. 

According to five exoplanets discovered in orbit of 

Kepler-186, three more and newly planets found before 

and after Kepler-186f. Using Kepler's third law with a 

simple mathematics (not mentioned here) physical 

properties such as semi-major axis (AU), and orbital 

period (Earth year) of these three new planets, 

calculated. 

Result of our calculation indicated a well significant 

with all other planets in Kepler-186 system. The radius 

and ellipticity of these new planets not intended yet. 

Figure 3, show a comparison Semi-major axis of 

planets in solar system and Kepler-186 system.  

A well relationship between Semi-major axis of Planets 

including three new planets in Kepler-186 System 

shown in Figure 4. 

 

 

 

 
 

Fig 3. Semi-major axis of planets in solar system and Kepler-186 system 

 

 

 
 

Fig 4. Semi-major axis of Planets (including three new planets) in Kepler-186 System. 
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