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Introduction:  With the advent of the Infrared As-

tronomical Satellite (IRAS), statistically meaningful 
samples of asteroid sizes have been measured, and 
coupled with groundbased measurements, statistically 
large numbers of albedos [1-2]. For what was previ-
ously advanced by individual radar and occultation 
observations, IRAS measured thousands of sizes, and 
now NEOWISE [3-7] has provided hundreds of thou-
sands of asteroid diameters which also yielded reflec-
tance measurements. However, for outer solar system 
populations, namely long-period comets, Centaurs, 
Scattered Disk Objects (SDOs), and more generally 
Trans-Neptunian Objects (TNOs), the size distribu-
tions of these populations down to km sizes are only 
beginning to be constrained. Owing to the range of 
reflectances possible within these populations, from 
~2% to ~90% [8, 9], thermal infrared measurements, in 
combination with reflected-light observations, have the 
best potential for revealing accurate sizes in these large 
numbers. Several future near, mid and far-infrared (IR) 
missions, well into their planning stages, have the po-
tential to sample these more distant populations, and so 
trace primordial distributions of the quantity of materi-
al and volatiles in these bodies, relatively unaltered by 
insolation. We will discuss some of these platforms 
and the potential science cases associated with extend-
ing the reach of large-sample size surveys. 

Comet Populations: Comets provide a special op-
portunity for the determination of size measurements 
of primordial populations from the outer solar system. 
These bodies are presumed to be less evolved as evi-
denced by the extant volatile reservoirs that drive their 
activity. However, as they may pass nearer to Earth 
they are more accessible to encounter missions and to 
space-based mid-IR (effective over the 3-25 micron 
wavelength range) measurements, whereby large num-
bers of nucleus diameters can be measured. Spitzer 
Space Telescope [10] and NEOWISE [11] have pro-
vided statistically meaningful constraints on the size 
distributions of Jupiter family comets (JFCs) and long 
period comets (LPCs), and NEOWISE’s particularly 
regular cadence facilitates the debiasing of the sampled 
comets. Coma removal techniques in combination with 
debiasing have provided meaningful constraints on 
nucleus size distributions to within a factor of a few for 
the most distant Oort Cloud objects, the reservoir of 
LPCs [11]. In the near future, proposed and current 

missions undergoing fabrication may improve these 
constraints on size to within 25%.  

Centaurs, SDOs, and TNOs:  Farther out in the 
solar system, populations of objects that have under-
gone little or no de-volatilization present a means of 
separating the evolutional effects of near-solar ap-
proaches and the rate of change on bodies that such 
solar exposures induce. Near-IR survey missions, such 
as WFIRST and the proposed SphereX mission [12, 
13], may provide information regarding volatile ice 
absorption features that indicate more primordial sur-
face compositions, in large enough numbers to map 
distributions of these signatures across these outer-
solar-system populations, while also assessing their 
reflected-light signals. These outer solar system popu-
lations are source regions of inner solar system popula-
tions. They serve as storehouses of volatiles, and may 
be the source of a significant fraction of the volatiles 
found in the terrestrial planet region, especially on 
Earth. Mapping spectral variations throughout these 
bodies can also constrain their formation and em-
placement mechanisms, and so test models of early 
solar system evolution that involve, for example, giant 
planet migration.  Broad-band far-IR surveys, such as 
the science studies outlined by the proposed Origins 
Space Telescope (OST) which span the wavelength 
ranges from several tens to several hundreds of mi-
crons, will afford the opportunity to explore the size 
distributions of SDO and TNO populations down to 
km sizes [14, 15] via radiometric methods. Such mis-
sions ultimately could map the outer solar system 
small bodies as NEOWISE did for the inner solar sys-
tem, and move the number of size measurements from 
the hundreds, as provided by missions like Spitzer and 
Herschel [16], into the several thousands.  

Target Selection for In-Situ Studies: Such mis-
sions, dedicated to surveying the outer solar system 
small bodies at wavelengths tailored to their detection 
and size characterization also facilitate future missions 
by providing multiple targets for in-situ study. A larger 
sample of TNOs and Centaurs with known sizes neces-
sarily translates into a larger number of targets availa-
ble for future in-situ studies, and the ability to exploit 
serendipitous opportunities, either with re-purposed 
spacecraft, as in the case of New Horizons, or with 
multiple lower-cost missions.  
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Special Case of an LPC “Constellation” Mission: 
One such example would be with the identification of 
targets for a multi-component cubesat or scout mission 
to image many LPC nuclei. At first it may seem sur-
prising that no mission has yet imaged the nucleus of 
any LPC, with the possible exception of the Mars Re-
connaissance Orbiter in the instance of the C/2013 A1 
near-pass of Mars, and certainly none with sufficient 
detail to characterize the full shape or surface variega-
tion.  The range of JFC surfaces imaged by the mis-
sions to now six such comets show clear differences in 
topography, size, and activity, possibly attributable to 
the amount of time each of these comets have spent in 
the inner solar system [17]. This suggests the need for 
multiple comets to be sampled for any class of comets, 
but the LPCs are a particularly important class in that 
they are even less altered by the exposure to sunlight, 
and so provide a baseline of the evolutionary effects of 
insolation and a test for the origin of the variegated 
surfaces seen on JFCs.  

The imaging of cometary nuclei is possible, as has 
been shown with the several JFC nuclei that have been 
imaged in detail, but the main problem lies in the de-
livery of the imaging instruments to particular targets. 
With Far-IR survey platforms dedicated to Centaur and 
TNO population mapping and size characterization, it 
would be possible to also identify LPCs at distances 
where missions can be planned and launched. LPCs 
detected at distances of 20-50 AU from the Sun allow 
for decade timescales for launch and cruise of the 
spacecraft to the target. This would facilitate the first 
line of LPC missions, simple modular and low-cost 
spacecraft which could fly by individual LPCs, one 
spacecraft per comet, and rapidly sample a number of 
comets within a decade, or even a few years, and pos-
sibly in preparation for more extended missions that 
may follow LPCs through their orbit, or even obtain 
samples from their surface. Such a multi-spacecraft 
“LPC constellation” mission, with modules launched 
simultaneously  or in rapid succession, may be consid-
erably less expensive and a more appealing first-line of 
investigation since it would avoid the necessity of 
matching the high Δv required for any more involved 
LPC in-situ study, while acquiring a statistically large 
number of imaged LPC nuclei in a relatively short in-
terval of time. 

Conclusion:  An array of platforms of near-term 
and long-term missions being planned or built by both 
astrophysics and planetary divisions have the potential 
to sample and characterize the next region of solar 
system space. Mapping these most basic of properties, 
size and surface composition signatures, will likely 
deliver key information that will disentangle evolu-

tionary effects from primordial composition in our 
solar system. In order to utilize these missions for this 
exploration, the possibilities for surveying more distant 
solar system bodies must be realized, and the necessary 
capabilities to facilitate these studies emplaced within 
platforms. This will require active participation in the 
development of these missions by the interested solar 
system communities. Alternatively, platforms would 
have to be dedicated and constructed separately. Such 
missions will both have considerable impact on our 
understanding of the formation and evolution of small 
bodies in the outer solar system, and will identify mul-
tiple targets for study, for example LPCs, for in-situ 
missions. 
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