Exoplanet classification probabilities from initial detections in a direct imaging mission
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We assume the underlying population of planets is consistent with the SAG13 planet population implemented in Keithly et al. (submitted)
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Amag vs s curves of Solar System with phase curves from Mallama et al. 2018

Takeaway: Combining the planet sub-pop and instrument capabilities enables us to calculate a
Planet properties from JPL HORIZONS, dppmqy = 1% and g = 5 mas at 10 pc

probability a detected planet belongs to any given sub-population
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—_— Uranus Count = 3.96e+06 Count =3.76e+06 Count=3.36e+07
P(ij, s, Amag) =1.74e-18 P(ij, s, Amag) = 3.42e-13 P(ij, s, Amag) = 1.01e-09
- Neptune Pn(ij, s, Amag) = 1.76e-15 P.(ij, s, Amag) = 3.64e-10 P,lij,s, Amag) = 1.19e-07

Planet-Star Amag

Hot Jovians Count=3.76e+07 Warm Jovians Count =3.79e+07 Count=3.15e+08
P(ij, s, Amag)=7.22e-11 P(ij, s, Amag) =1.44e-08 P(ij, s, Amag) =1.16e-08
P.(ij, s, Amag) =7.69e-09 P.(ij, s, Amag)=1.52e-06 o e _ P.(lj, s, Amag)=1.47e-07
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101 10° 101
Projected Planet-Star Separation, s, in AU
Takeaway: The Earth Amag vs s curve is crossed by 6 of the 7 other planets
Takeaway: Many ‘Earth-Like’ planets detected by future direct imaging
telescopes could be confused with other planet types
Takeaway: Exoplanets with a Amag and s can belong to multiple planet sub-
populations

Hot Neptunes Count=5.23e+07 Warm Neptunes Count =5.09e+07 Count=4.38e+08
Plij, s, Amag) =1.72e-09 P(ij, s, Amag) = 4.15e-08 . P(ij, s, Amag) =1.13e-08
P.(ij, s, Amag) =1.32e-07 P.(ij, s, Amag) = 3.26e-06 o i P.lij, s, Amag) =1.03e-07
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Count=3.11e+08 Warm Sub-Neptunes | Count =1.59e+08 Count=6.77e+08
P(ij, s, Amag) = 1.83e-07 P(ij, s, Amag) = 1.25e-07 S Plij, s,y Amag)=2.41e-08
P.(ij, s, Amag) = 2.36e-06 | | P.(ij, s, Amag) = 3.15e-06 | [: s P.(ij, s, A
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Luminosity Scaled Planet-Star Difference in Magnitude, Amag-2.5log,,(L)

Underlying SAG13 distribution implemented in Keithly et al. (submitted)
)
s Jll overlayed by Kopparapu et al. 2018 classification grid.
TU We can give different reward value for detected planets of different types.
: - : : : Count = 3.08e+08 Warm Super Earths | | Count=1.53e+08 Count=5.86e+08
> Many in the science community place sole value on Earth-Like detections. Pii, s, Amag) =[3.596-07 Plij, s, Amag) = 2.67e-07 | |F—r—— P(ij, s, Amag) =6.08e-08
17 P.(ij, s, Amag) =4.65e-06 | L P.(ij, s, Amag) =|6.97e-06 P.(if, s, Amag) =4.15e-07
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- 1 Y ot Rocky —— e lRocky Red dot is an Earth.Anang_with Amag = 23, s = 0.7 AU with gp;mq45 = 1% and o, = 5 mas (red error bars), for a reference star at 10 pc
o) o7 Rocky 5 Takeaway: Calculating P(ij, Amag = 23,5 = 0.7 AU, Oapag = Takeaway: Calculating P, (ij, Amag = 23,5 = 0.7 AU, 0pmag = 1%, 05 =
: 10- _ : .
i 0.1 1 10 30 1%, 05 = 5 mas) shows Hot Super Earths to be the most likely sub- 5 1mqas) shows Warm Super Earths to be the most likely sub-pop (purple)
O, Luminosity Scaled Semi-major Axis in AU, a/VL pop (purple) and Warm Super Earth’s the 2" most likely sub-pop and Hot Super Earth’s the 2" most likely sub-pop
< Ta.ke.a\way: By b.refaklng exoplanet cIaSS|f|Fat|ons into bins, we can de5|gn.a Takeaway: We can calculate the probability a planet detected from a single image belongs to a specific sub-pop and use this for mission planning
U8 mission to maximize detections of specific planet sub-types (e.g. Earth-Like)
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