Rocks and Ice: Asteroid Science With
the James Webb Space Telescope
George Sonneborn
JWST Project Scientist for Operations
NASA’s Goddard Space Flight Center

In collaboration with
Stefanie Milam, Cristina Thomas (NASA/GSFC),
Andy Rivkin (JHU/APL), John Stansberry (STScI)

Exploring the Universe with JWST
October 13, 2015

Primitive Solar System Objects
• Like comets and KBOs, asteroids are remnants from the early
phases of the formation of the Solar System.

• Unlike those bodies, asteroids formed inside the “snow-line” of
the nebula, interior to which water was present as a gas rather
than as ice.

– Asteroids are dominated by refractory compounds (silicates,
metals, organics), and there is evidence for hydrated
minerals.
– However, Ceres and other objects may contain a significant
amount of water.

• Small bodies: fragments or building blocks? How can we tell
the difference?

• Near-Earth Objects (NEO) are a special class of small bodies
due their short dynamical lifetimes (~few Myrs).

Benefits of JWST to Asteroid & NEO Studies
• Critical wavelength coverage
– Near IR (1-5 μm) – reflectance spectrum - contains key
compositional indicators
– Mid IR (5-28 μm) – thermal emission – will provide diameters and
albedos of a wide range of objects previously too faint for such
measurements, as well as composition diagnostics.
– Spectral resolution is well suited for studying physical
characteristics of rocky/icy surfaces and for detecting key
molecules.

• Spatial resolution
– allows compositional mapping and shape modeling

• Sensitivity
– allows compositional characterization of objects much smaller and
further away, and with very high data quality.

Asteroid Populations

Albedo

• WISE determined albedos for >100,000 asteroids
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Asteroid Populations
• Highly structured in orbit parameter space (color
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scheme for albedos).
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Asteroid Families
• For ~100 years known that certain groups clustered in
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orbital parameter space. 55 families identified.
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Wavelength Coverage (1)
• Critical, wide wavelength range
– 2 - 5 μm region is critical
•
•
•
•
•

Reflectance spectrum
H2O, CO, CO2, CH, CH4, NH3
Carbonates
Hydrated minerals
Laboratory spectra of meteorites
(carbonaceous chondrites) have
diverse 2.7 μm mineral features
that are blocked by atmospheric
H2O.

– JWST enables key composition
analyses
Beck et al. 2010

Wavelength Coverage (2)
• Ground-based NIR spectra of bright asteroids (Rivkin)
show a wide range of key compositional diagnostics
– Severely limited by atmosphere
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Spatial Resolution
• NIRCam PSF=0.067” at 2 μm corresponds to ~45 km at 2 AU
• There are ~25 Main Belt asteroids >200 km diameter for which
shape modeling and compositional mapping could be done.
• Similar work was done with HST for Vesta (Zellner et al. 1997),
Ceres (Thomas et al. 2005), and Pallas (Schmidt et al. 2009)
Digital model

Schmidt et al (2009)
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Near-IR Sensitivity
• NIRSpec can obtain

near-IR spectra
(S/N=10) of asteroids
down to H~23 mag
in 1000 sec.
– Analysis assumes
5% albedo

• Every asteroid with a

secure orbit is brighter
than H=23

• Straightforward to

explore composition as
a function of size
(magnitude) for
asteroid families.

1000 sec exposures , S/N=10

See paper by Rivkin et al (2015) in PASP special issue

Mid-IR Sensitivity

• MIRI’s high sensitivity provides a similar ability to observe all small
asteroids with known orbits

• However, thermal emission saturates MIRI for surprisingly small
objects.

– Ceres (943 km, T~220K) saturates every filter and grating, except MRS λ<6μm
– Surface brightness: smaller objects at same T still saturate if larger than MIRI
pixel size (0.11”).
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~60
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See papers by Rivkin et al (2015) and Glasse et al. (2015) in special issues of PASP for details.

Active Asteroids = Main Belt Comets
• Faint, transient, cometary objects in the main asteroid belt (Hsieh & Jewitt
2006, Jewitt+ 2012, Hsieh+ 2015)
– Same orbits as asteroids (not captured)
– Sublimating volatiles? If so, ice still
present (vs. hydrated minerals)
– Disruption byproducts? Some MBC events
probably not sublimation, but asteroid
disruption (comet-like dust tails)

•

Diverse phenomenology points to multiple types of events

• Substantial evidence for sublimation in several MBC objects
– Periodic outbursts, usually near perihelion
– Search for CN as tracer of H2O: estimated limitswater production rate
QH2O >1026 mol/sec

• No spectroscopic detections to date

Active Asteroids = Main Belt Comets
• MBCs are easy targets for JWST
– H2O, CO2, CO, dust properties, thermal emission, reflected
spectrum
– Example: H2O ν3 at 2.7 μm detected at S/N=5 in 1 hour
exposure (R~100) for a water production rate log(QH2O)~25
• See paper by Kelly et al (2015) in PASP special issue

JWST Science Operations for Moving Targets
• Sun-Earth L2 orbit
– Far from Earth and Moon
– Autonomous event-driven
observing (see Barker poster M1)

• Solar elongation range: 85° - 135°
– ~35% of sky visible at any time
(100% over a year)
– No pointing <45° from anti-sun

• Non-sidereal tracking: <0.03”/sec
– Includes Mars and beyond
– Pointing accuracy: ~0.007” (1σ)

• TOO response as short as 2 days

Asteroid and NEO Observability
• All Main Belt and Trojan asteroids are well within JWST moving
target capabilities and have good observation windows (100 250 days in total over two years).

• 11,467 known NEOs in JPL
•
•
•
•

Horizons as of Oct 2014.
Positions relative to JWST
obtained from Horizons for
Jan 1 to Dec 31 2019
76% are observable in 2019
within 30 mas/s rate
Only 2754 NEOs (24%)
have no observing window
in 2019.
See Thomas et al (2015) in
PASP for NEO details.

NEO observability

Caveat for Low Delta-V Objects
• Due to their location relative to
Earth’s orbit, low delta-V NEOs
have long intervals outside the
JWST solar elongation window

• Bennu, sample-return target for

OSIRIS-Rex, is observable in 2018
prior to JWST’s launch and then not
again until mid-2023.

• 1999 JU3, 2020 sample-return target
for Hayabusa 2, not observable with
JWST until 2021.

Periodic Comet Observability
• 168 comets, Horizons ephemerides for 2 yrs (2019 –20)
• Almost all known comets are observable within the
JWST solar elongation and 30 mas/sec rate limits

Summary
• Asteroids are invaluable tracers of inner Solar

System history long erased from larger bodies.
• JWST will provide tremendous advances in
asteroid compositional studies.
– Spectroscopic capabilities well-matched to asteroid and
NEO science priorities

• Physical nature of Main Belt Comets within reach
• Very good observability

Special issue of PASP will have 10 papers on JWST
Solar System science (see Stefanie Milam’s poster)"
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