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Introduction

One of the outstanding problems concerning the dynamical
evolution of the outer Solar System concerns the observed pop-
ulation ratio between the Oort cloud (OC) and the Scattered
Disc (SD): observations suggest that this ratio lies between 100
and 1 000 (Duncan & Levison, 1997) while simulations that
produce these two reservoirs simultaneously consistently yield
a value of about 20 (Dones et al., 2004; Kaib & Quinn, 2008).
The number of comets in the OC is estimated from the flux
of long-period comets (LPCs) while the population of the SD
is obtained from the number of Jupiter-family comets (JFCs).
However, previous studies suffered from two limitations. First,
the comparison between the populations of the OC and the SD
was done for an absolute magnitude-limited sample rather than
from a size-limited sample. Second, previous simulations as-
sumed the giant planets were on their current orbits and there-
fore did not include the migration of Neptune. We incorporate
these two effects and derive a new value of the population ratio.

Method and results

We study the formation and evolution of the OC and SD with
numerical simulations in the framework of the Nice model
(Tsiganis et al., 2005; Gomes et al., 2005), specifically using
the ‘jumping Jupiter’ evolution (Brasser et al., 2009). The
evolution of the giant planets during their instability is shown
in Fig. 1. After 4 Gyr the average simulated population ratio of
the OC and SD is 23. Where our results differ from previous
works is in the structure of the SD. Neptune’s migration causes
the formation of a fossilised Scattered Disc (FSD), which
contains objects that no longer interact with Neptune and are
dynamically stable. After 4 Gyr ∼ 73% of SDOs are in the
FSD and our SD is dynamically more excited than that of
Duncan & Levison (1997). The combined high degree of
fossilisation and excitation skews the population estimate of
the SD that is traditionally inferred from the number of JFCs:
it is approximately a factor 4 higher than previously thought.

From our simulations we calculated a new value of the ob-
served OC to SD population ratio. However, we obtained the
ratio deduced from a size-limited population rather than an ab-
solute magnitude-limited sample i.e. for LPCs and JFCs with
the same diameter of the nucleus. We incorporated a revised
flux of LPCs, taking into account only those comets with ab-
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Figure 1: Planetary evolution

solute magnitude H10 < 6.5. For higher absolute magnitudes
there is evidence for a break in the absolute magnitude distri-
bution (Hughes, 2001); it is unclear whether this is a physical
change in the size distribution or observational incompleteness.
A value of H10 = 6.5 for an LPC corresponds to a nuclear ab-
solute magnitude of H = 17 and a diameter of D = 2.6 km
(Sosa & Fernández, 2011). On the other hand, JFCs with
H = 17 have H10 ∼ 9. Using the flux of LPCs as a proxy for
the total number of objects in the OC (8 × 1010 with H < 17),
and in the same manner using the number of JFCs to scale the
population of the SD (2.7 × 109 with H < 17), we derive a
revised population ratio of Nrat = 29, which is close to our
simulated nominal value of 23.
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