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Abstract
We compare the results of a ‘traditional’ measurement
of the size-frequency distribution (SFD) of essentially
inactive objects (Manxes) on long period (LP) orbits to
the results of [1] who introduced a new technique for
extracting the SFD of LP cometary nuclei. Both sets
of data were obtained with the Pan-STARRS1 system
(PS1) on Haleakala, Maui, over the course of about
eight years. Given that the inactive Manxes must be
much more difficult to detect compared to the active
LPCs it is surprising that PS1 has identified 65 Manxes
and only 148 LPCs. This implies that there must
be a large population of Manxes. The identification
of Manxes with asteroidal S-class spectra indicates
that some inner solar system material from the proto-
planetary disk has been stored for billions of years in
the Oort Cloud (OC). Different solar system formation
models predict the ratio of OC objects that should be
from the outer and inner solar. We have measured this
ratio to confront the solar system formation scenarios.

1. Introduction
No-to-low activity comets on LP orbits [4] discovered
by PS1 [3, 2] may provide a new technique for dis-
tinguishing between solar system formation models.
The tailless LP objects, dubbed ‘Manx’ objects, dis-
play orders of magnitude less volatile activity than nor-
mal active comets and therefore must contain far less
volatile material by mass than their active LP coun-
terparts [4]. Spectra of the Manx comet C/2014 S3
is consistent with that of an S-class asteroid and it is
therefore likely that it formed in the inner solar sys-
tem. Thus, C/2014 S3 may be the first representative
of a new class of objects that were ejected from the in-
ner solar system early in its formation history only to
return in recent times. Since the various solar system
formation models predict that different amounts of in-

Figure 1: The nuclear absolute magnitudes (HN ) of
LPCs and Manxes detected by PS1 [1]. The reported
HN for LPCs have been corrected by 5.5 mags as de-
scribed by [1].

ner and outer solar system material will be ejected into
the OC we attempt to use the LPC to Manx ratio to
distinguish between the models. We will use the LPC
initialism to refer to active objects or those that have
the potential to become active should they enter the in-
ner solar system, while ’Manxes’ refer to objects with
such low levels of internal volatile species that they
would never become ’active’.

2. Solar System Formation Models
There are currently two broadly competing scenarios
to explain the origin and characteristics of the aster-
oid belt located roughly between the orbits of Mars
and Jupiter. The ‘massive proto asteroid belt’ (MMB)
scenarios begin with about an Earth mass of material
while the ‘depleted proto asteroid belt’ (DMB) models
assume that it was never massive. The relative contri-
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bution of ‘asteroidal’ inner solar system material to the
OC between the two categories of models is substan-
tially different. Based on published estimates of the
re-distribution of material within the solar system we
estimate that the MMB scenarios create an OC with an
LPC:Manx ratio in the range 1000-100:1. In the DMB
scenarios the proto main belt does not effectively con-
tribute to the Manx population embedded in the OC
and the predicted ratio should be about 1,000× higher
than expected in the MMB models. The tremendous
difference between the predictions provides a means of
distinguishing between the two classes of models. The
problem is that measuring the ratio requires a well cal-
ibrated astronomical survey to correct for the dramatic
differences in LPC and Manx discovery efficiency.

Figure 2: (bold) The debiased LPC incremental SFD
as a function of diameter (assuming an albedo of pV =
0.04 [1]) and (gray) our preliminary debiased Manx
incremental SFD.

3. PS1 LPCs and Manxes
In the ∼ 8 years of PS1 surveying considered in this
analysis the system detected 148 LPCs and 65 Manxes
(fig. 1). These statistics alone should cause the reader
to pause. The active LPCs are bright and visible
at large distances due to their comae and tails, and
may be distinguished in astronomical images by their
non-stellar morphologies. The Manxes have none of
these advantages and must be detected by their un-
usual rates of motion — they are ‘stealth’ members
of the LP population. Thus, we found it surprising that
PS1 identified only about twice as many LPCs than
Manxes. Given the observational advantages of LPCs
to Manxes there must be a substantial number of dull,

nearly inactive Manxes compared to the shiny, flam-
boyant LPCs.

4. LPC and Manx populations
We have corrected for the observational selection ef-
fects in Pan-STARRS1’s discovery of both LPCs and
Manxes. We term this activity ‘debiasing’ the discov-
eries. The LPC work was described in detail by [1]
and extended to include Manxes in this work. There
are clearly far more Manxes than LPCs as a function
of their nuclear diameter, inconsistent with the predic-
tions of both the MMB and DMB scenarios (fig. 2).
Furthermore, our results suggest the identification of
the single S-class C/2014 S3 Manx is difficult to rec-
oncile with either scenario.

5. Summary and Conclusions
We have employed the results of the PS1 survey tele-
scope to measure the ratio of LPC to Manxes in
the Oort Cloud. The ratio is much lower than ex-
pected from back-of-the-envelope calculations begin-
ning with either a massive or depleted proto-planetary
main belt. The discovery of the single S-class Manx
object, C/2014 S3 is similarly difficult to understand
within the context of our current understanding of the
formation of these objects.
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