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“Once in a Lifetime Bodies” are Fundamental Scientific Targets

• Long-period comets have preserved pristine volatiles, 
markers of the solar system’s early environment

• Oort Cloud comets are likely to be highlighted in the next Decadal Survey
• Recently-discovered Manx comets offer a test for solar system dynamical 

models

• Interstellar visitors bring new and critical constraints on 
exoplanetary systems: are processes the same elsewhere?

• Rare opportunity to study a sample from another solar system
• Suggestion that life-bearing fragments from extrasolar planets could have 

seeded life in other planetary systems 
• Estimation that at any time there is one ~100 m radius asteroidal ISO 

present < 1 au from the Sun (Engelhardt, et al., 2017)

Hale-Bopp, the “Great Comet” of 1997
P~2456 yr, Diam=40-80 km, i~89o, Aph = 363 au

LPO = Long Period Object
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Science at Long Period Objects
• Basic physical properties (mass, shape, 

rotational period)
• Global imaging
• Gravity science (challenging)

• Compositional properties (surface, coma, 
dust) and nature of organics

• Remote sensing, mass spectroscopy, Dust 
spectroscopy

• Internal structure (rubble pile, monolith, 
stratification)

• Morphology to relate to formation 
mechanism 

• High-resolution imaging
• Interaction with solar wind
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Exploring LPOs is Challenging
• Primary challenge is the relative velocity 

• ‘Oumuamua’s relative velocity to the Sun was 36-50 km/s at the times of 
observation 

• Very short observation window (< 2 weeks)
• Will change with PanSTARRS-2 and LSST that will be able to detect active LPCs 

~10 year ahead of perihelion

• Orbital properties are not known a-priori and can span a broad 
range of inclinations

• More intensive volatile and dust activity at long period comets 
increases the risk of close proximity operations

• Giotto was destabilized by a 1 gm dust grain at 68 km/s!
• Gas and dust production vs. distance unknown

• Objects are generally small and cannot be sufficiently 
characterized from earth-based assets

• ISOs are expected to be small, ISOs and Manx comets have little or no activity 
 hard to detect ahead of time

• Complex rotational dynamics
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Halley’s Comet – First and Only Longer-Period comet 
Explored In Situ 

P = 75.32 yr,  i = 162.26o, size~15x8 km, 
perihelion ~ 0.58 au, Aphelion ~35 au
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Halley’s Comet – First and Only Longer-Period comet 
Explored In Situ 

P = 75.32 yr,  i = 162.26o, size~15x8 km, 
perihelion ~ 0.58 au, Aphelion ~35 au

Giotto’s 30 years of Children’s Art
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• Unparalleled global scientific effort of exploration from the ground; from 
Earth orbit; from Venus orbit; from interplanetary space; and from within 
the comet itself.

• Activities in space were coordinated by the four space agencies — the 
European Space Agency (ESA), Intercosmos of the USSR Academy of 
Sciences, the Japanese Institute of Space and Astronautical Science (ISAS), 
and the National Aeronautics and Space Administration (NASA) — through 
the Inter-Agency Consultative Group (IACG).

• Coordination of the activities of the ground-based observers is provided 
through the International Halley Watch (IHW).



Mission Design examples

Big Launch Vehicle
C3 < 160 km2/s2

flyby < 10 km/s

Small launch vehicle
or launch to GTO
C3 < 10 km2/s2

flyby < 60 km/s
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Mission to C/2017 PANSTARRS
Discovered May 2017, “Precovery” May 2013

Launch 2022, New Horizons style
Flyby Jupiter, arrive 2035 (13.5 yr flight time)
Flyby speed < 2.5 km/s

view above ecliptic side view of 87° inc orbit
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Multi-Spacecraft architectures

12

• Redundancy / hazardous 
environments

• Multiple vantage points
• Multiple vantage times

• Impact/Sample/Observe/Characterize with 
heterogeneous spacecraft

• Retrieve chunks of material for analysis on 
mothership 



New Miniaturized Science Grade Instruments
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CLOTH
Hosei U., JAXA, Japan

Dust Detector

~110 gm, 1W, 
Characterize dust 

environment
2-30 µm grain size

MAG
JPL

Advanced Vector Helium
Magnetometer

Comparable performance to 
Cassini magnetometer

(Now being used by Europa)

Tested/developed for CubeSats, extensible to larger missions

Mini-Submm
JPL

Submillimeter-wave 
Spectrometer

2U, D/H ratio measurement on 
comets and Limb sounding to 

characterize planetary 
atmospheres

mAPIC
JPL

Advanced Pointing and  Imaging 
Camera

2.5 kg, 2U, Co-aligned narrow 
angle camera (NAC) and star 

camera; ≤50 µrad image 
resolution, 8º FOV; Star camera 

with 12º FOV

NIR Spectrometer
GSFC

NIR Point Spectrometer

2U, <5 W, 1-4 µm, 10 nm, 
inherited from Ralph and 

OVIRS
To be flown on Lunar 

IceCube
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Presenter
Presentation Notes
Future U-Class satellite constellations will introduce new Earth science measurement techniques.
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Major Endeavor Requiring Swarm/Constellation 
and International Coordination

• Multi-asset mission allows distributed 
payload and increases chance of success

• Mission will require coordinated autonomy
• Loose coordination to synthesize a single, large, 

virtual instrument, or achieve multiple vantage 
points

• Innovative distributed, possibly heterogeneous 
measurement and data analysis techniques

• Novel orbital organization approaches for 
constellations or more effective swarming

• Autonomous navigation and operations
• Novel relay communication strategies (e.g., DTN)
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Example: Vision Based Navigation

Filter Measurements
Compute an optimal estimate of the relative state and tailor path 

motion plan

On-board data analysis
Process images, extract information, acquire additional images to fill in 

gaps, if any 

Capture Images 
Capture image from multiple vantage points with distributed 

cameras and on-board science capture optimization

Most technologies 
exist or are going 

through maturation
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Presenter
Presentation Notes
Images contain information about the state of both the spacecraft and the observed objectTarget positions are not usually known very well, pictures on approach, with background stars, allow for precise determination of the spacecraft position relative to the target. This enables very accurate imaging of the body during high speed flybys.



Summary of Findings
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• Objects that visit the inner solar system once-in-a-lifetime are tantalizing 
targets for scientific exploration

• Relics from formation of solar system
• Relics from formation/evolution of other solar systems

• Upcoming telescope assets will allow detection of long period objects 10+ 
years before perihelion, leaving ample time for planning and development

• Generally unknown orbits present programmatic issues and high relative 
velocities demand autonomy and agile science software

• Science-grade, small-sat compatible instrumentation is reaching maturity 
and infusion through NASA programs (e.g. SIMPLEx)

• Small-sat formations or constellations produce affordable architectures to 
mitigate risk and enhance likelihood of successful science

• KISS Study report will be delivered by June 2019
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