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If you build it, they will come… 
• Next-generation facilities will have larger apertures, larger fields of view, 

and more sensitive instrumentation than their predecessors. 

• Solar system science with these facilities are substantial, particularly in 
the area of space-based surveys for the detection of minor bodies. 

• First detections of objects in previously uncharacterized populations. 

• first Earth Trojan asteroid (Connors et al., 2011)

• first interstellar object (Meech et al., 2017)

• first object orbiting beyond 100 AU (Sheppard et al., 2018) 

• These “rare” objects/populations can provide valuable information 
about the formation and evolution of planetary systems. 



• The Wide Field Infrared Survey Telescope (WFIRST) is a Hubble-
sized 2.4m aperture space observatory optimized for wide-field
infrared astronomy.

• WFIRST offers sensitivity comparable to Hubble and 0.11”
resolution over a 0.28 sq deg field of view that is 100x the field
of Hubble’s visible cameras.

• WFIRST is also equipped with a coronagraph that is a
technology demonstration to directly discover and characterize
exoplanets.

• The mission is designed to enable cutting edge astrophysics
through Guest Observer and Guest Investigator programs.

WFIRST

WFIRST has a field of regard that reaches angles as 
small as 54°, and thus would be capable of carrying 

out a survey for additional Earth Trojans. 
Large field of view and deep-imaging capabilities of 

this mission will provide the means to discover 
more objects in these new and intriguing 

populations.



Science Impact on IFC Loss

Holler et al. 2018



WFIRST and the Solar System
• Support for Planetary Missions in the 2030’s

• Surveys of irregular satellites and minor bodies are where WFIRST will excel
with WFI

• detection of the first minor bodies orbiting in the inner Oort Cloud

• identification of additional Earth Trojan asteroids

➢Serendipitous identification of small bodies in Astrophysics Surveys

• new minor bodies (i.e., near-Earth asteroids, main-belt asteroids,
comets, active asteroids, Trojan asteroids, Centaurs, KBO, inner Oort
Cloud objects, and extrasolar asteroids)

• irregular satellites

Holler et al. 2018, JATIS, 4, 034003



How Many Could there be?

• Frequency of main belt asteroids 
(MBAs) between 10 m and 27 km 
in diameter per square degree as 
a function of apparent 
magnitude in the Johnson V 
filter. 

• Representative of the entire 
population of minor bodies in 
the solar system.

• Assuming a uniform distribution 
of objects, hundreds of minor 
bodies should be present in each 
square degree of sky near the 
plane of the ecliptic.

Holler and Milam et al., Astro2020 white paper



Jupiter’s Hill Sphere
17 pointings

0.3 km in 1000s

Saturn’s Hill Sphere
11 pointings

1.0 km in 1000s

Uranus’ Hill 
Sphere

6 pointings
4.5 km in 1000s

HST/ACS HST/WFC3 JWST/NIRCAM

WFIRST

An astronomical body's Hill sphere is the region in which it dominates the attraction of satellites. 
To be retained by a planet, a moon must have an orbit that lies within the planet's Hill sphere.

Neptune’s Hill 
Sphere

6 pointings
11.4 km in 1000s



Serendipitous Occultations

• Hours of Bright guide-star data with ~4 

Hz read-out would provide a rich data 

source for searches of stellar 

occultation by small bodies within our 

solar system. 

• The serendipitous occultation of a 

~0.5km object as observed by HST’s 

FGS.

Schlichting et al. 2012



• WFIRST will reach r~27 (diameter of ~20 km)** with each set 
of exposures in a particular filter during the HLS survey 
(KNOWN KBOs)

• ~2.5 mag fainter (10 times lower flux) than the DES and 
LSST surveys

• Serendipitous discovery of NEW KBOs is dependent on 
cadence – detection is possible at ~1 day increments.

KBO detections in WFIRST surveys

**Assuming a heliocentric distance of 40 AU, an observer distance of 39 AU, a geometric albedo of 0.08, an average g-r color for KBOs of 
0.65, and using the SDSS to Johnson filter conversions from R. Lupton*

WFIRST Surveys and small body detections

HLS

SNe
Holler et al. 2018

https://www.spiedigitallibrary.org/journals/Journal-of-Astronomical-Telescopes-Instruments-and-Systems/volume-4/issue-3/034003/Solar-system-science-with-the-Wide-Field-Infrared-Survey-Telescope/10.1117/1.JATIS.4.3.034003.full?SSO=1


Where are they?
• KBOs have a complex and finely structured population distribution, 

with the majority of the population in low-inclination, low-eccentricity 
orbits

➢near the ecliptic 

➢density of KBOs decreases rapidly further from the ecliptic.

• However, there are exceptions…

• ʻOumuamua, Borisov



Sheppard et al. 2018

October 2018



Inner Oort Cloud Objects
• Johnson V magnitude as 

a function of 
heliocentric distance 

• The visible geometric 
albedo of these objects 
is assumed to be 0.10 
(except Sedna, which 
has a measured albedo 
of 0.32). 

• The grey points are 
known extreme KBOs 
(q>30 AU and a>150 
AU); magnitudes were 
calculated for a distance 
equal to the semi-major 
axis of each object’s 
orbit. 

~32 pix/day ~2 pix/day

Holler and Milam et al., Astro2020 white paper



Subaru HSC and small bodies in the 
Solar System
• The HSC Subaru Strategic Program (SSP), an optical multi-band

imaging survey covering 1400 deg^2, will be able to detect several
hundreds of Trans-Neptunian Objects (TNOs) down to diameter of 100
km or smaller, and to determine their orbits and optical colors.

• Subaru SSP/HSC survey is capable of finding many Active Asteroid
candidates during the 5-year survey by finding objects that have
different PSF from background stars.

Sumi et al., Subaru-WFIRST Synergy Observations



Characterization of New Small Bodies

TNO – Haumea
Pinilla-Alonso et al. 2009 

Asteroids
Binzel et al. 2015



WFIRST-Subaru Synergies for Solar System 

• Follow up observations of serendipitously detected small bodies in WFIRST 
surveys (Holler et al. 2018)

• New minor bodies: Near-Earth Asteroids, main-belt asteroids, hyperbolic 
asteroids, comets, active asteroids, Jupiter Trojans, Centaurs, etc.

• Irregular satellites of the giant planets 

• Subaru follow-up can help further constrain the orbits and measure optical 
colors. 

• The primary concerns will be ensuring Subaru observations are activated in a 
timely manner to follow-up on newly identified moving targets and that the 
observations are made at an appropriate cadence so that the objects are not 
lost.



Summary
• Nearly every astrophysics space

observatory (e.g. Hubble, Spitzer,
Chandra, and JWST) has benefited from
Solar System observations for public
outreach, science, and new discoveries!

• Spectroscopic survey capability will reveal
new insights into the composition of small
bodies and help constrain theories of
solar system formation/evolution.

• Astrophysics surveys may consider the
broader science return for detection,
characterization, etc of small bodies that
WILL “contaminate” their datasets.



The Outer Solar System
Kuiper Belt Objects (KBOs)
Trans-Neptunian Objects 
(TNOs)

T ~ 50 K → NIR will not probe 
thermal emission.
• Determining albedo and 

diameter will need other 
facilities
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TNOs in the Era of JWST
• Obtain full NIR spectra of larger 

TNOs and characterize them.

• Photometry (NIRCam) of smaller 
objects.

• Compositional studies of every 
known target ≥ 100 km in a 
reasonable amount of observing 
time.

Parker et al. 2016

Simulated Centaur
(D~80km at 22AU)
JWST NIRSpec R~1000


