Gas giant planets are far easier than terrestrial planets to detect around

other stars, and are thought to form much more quickly than terrestrial «
planets. Thus, Iin systems with giant planets, the final stages of terrestrial —
planet formation are strongly affected by the giant planets' dynamical
presence. Observations of giant planet orbits may therefore constrain the
systems that can harbor potentially habitable, Earth-like planets. We
combine two recent studies and establish rough inner and outer limits for
the giant planet orbits that allow terrestrial planets of at least 0.3 Earth
masses to form in the habitable zone (HZ). For a star like the Sun,
potentially habitable planets can form Iin systems with relatively low-
eccentricity giant planets inside 0.5 Astronomical Units (AU) or outside
2.5 AU. More than one third of the currently known giant planet systems
could harbor a habitable planet.
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Table 1 — Giant planet limits for potentially habitable planetary in our sample, 65 (37%) meet our criteria (Fig 4, Table 2).

systems. Systems with giant planets inside the inner limit or outside

the outer limit, with relatively low eccentricities, are good candidates
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We simulated terrestrial planet growth with close-in giant planets, in a
realistic scenario including giant planet migration. Potentially habitable
planets form, and are likely to be covered in global oceans. The
spacing between the close-in giant and the innermost >0.3 M__,,
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Fig 1 — Giant planet orbital parameter space that allows planet was variable, with a mean orbital period ratio of about 10 (Fig
potentially habitable terrestrial planets to form. Each symbol 2). So, on average, systems with giant planets inside 0.5 AU can form
represents the orbit of a single giant planet, for which we performed 4 terrestrial planets inside the outer edge of the HZ (assumed to be 1.5
simulations of terrestrial planet formation. X’s mark regions where no AU).

terrestrial material survived in the HZ. Stellar Mass (Solar Masses)

Green dots formed
Fig 3 — Giant planet orbital limits vs. stellar mass. The solid and

dashed lines mark the outer and inner giant planet limits. Circles
represent known exoplanets: filled circles satisfy either the inner or
outer giant planet limit. The Habitable Zone (HZ) is shaded.

>0.3 M., planets in the HZ.

Average planet mass is proportional to the dot
size. For solar-mass stars, systems with giant planets outside 2.5 AU
can form >0.3 M., planets in the habitable zone (0.3 M., Is a

rough lower limit for habitability — Williams et al 1997). Systems with
giant planets outside 3.5 AU can form water-rich planets in the HZ
(Fig 1). These limits are sensitive to the giant planet's orbital
eccentricity.
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Fig 2 Final Outcomes of 8 simulations including giant planet
migration, with the Solar System shown for scale. Dot size
iIndicates relative mass, the inner dark region is the iron core, and
the color represents water content. Orbital eccentricity is shown
below each planet by the radial excursion over an orbit. The HZ is
shaded.
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