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The Roman Revolution

Despite not being required to support moving target
tracking, the Nancy Grace Roman Space Telescope is
still more than capable of revolutionizing the study
of the minor body and irregular satellite populations
within our own solar system. The large field-of-view
and sensitivity of the Wide Field Instrument (WFI)
will enable deeper, more efficient imaging than any
previous survey, revealing smaller and more distant
minor bodies.
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Holler et al. (2018); spacecraft images from NASA/GSFC



Not to scale!



Earth Trojans
• Two Earth Trojans known: 2010 TK7 (Connors et 

al., 2011) & 2020 XL5 (Hui et al., 2021)
• Important to detect and study due to proximity to 

Earth
• Potential for future robotic and manned space 

missions
• Difficult to detect due to:

• Small solar elongation angles as seen from 
Earth

• Inability for space telescopes to observe in the 
direction of the Sun

• Object exactly at L4 or L5 would be at a solar 
elongation angle of 59°
• 5°above minimum solar elongation angle 

observable by Roman
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Holler et al. (2018); spacecraft image from NASA/GSFC



Irregular satellites of the giant planets
• Populations of minor 

bodies captured from 
heliocentric orbit and 
collisionally processed
• Phoebe (Saturn) and 

Triton (Neptune) 
provide best evidence 
of a Kuiper belt origin
• Unclear if other 

existing or primordial 
populations are also 
sources

Nicholson et al. (2008)



Irregular satellite 
families

• Capture onto high-inclination, 
eccentric orbits can result in 
collisions

• Collisional families exist in the 
irregular satellite populations

• How do these collisional processes 
compare to those in other 
populations, such as main belt 
asteroids?

Holt et al. (2018)



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

Neptune’s Hill 
sphere

6 pointings
11.4 km in 1000s

Irregular 
satellites (cont.)

The Roman WFI will enable deep, efficient searches for new irregular satellites of the giant planets.

Planet Hill radius 
(107 km)

Stability region 
(107 km)

Semi-major axis of 
furthest known 

satellite (107 km)

% vol. of Hill 
sphere known 
to be occupied

Smallest 
satellite 

discovered (km)
Jupiter 5.32 3.56 2.86 52 ~1
Saturn 6.53 4.38 2.45 18 ~0.3
Uranus 7.00 4.69 2.09 9 ~18

Neptune 11.6 7.77 4.93 26 ~35



Stellar occultations

Santos-Sanz et al. (2016)

Chariklo

Haumea
Ortiz et al. (2017)

Braga-Ribas et al. (2013)

Zalucha
& Cook 
(2019), 
after 
Elliot et 
al. (1989)

Pluto



Serendipitous occultations

• Each of the 18 WFI detectors 
can obtain a guide star

• In practice, an observation 
will not require all 18, or 
guide stars will not be 
available

• Readout of guide star 
subarrays will be 5.8 Hz

Holler et al. (2018)



Detection of small TNOs
• The smallest TNOs are too faint to be 

observed directly

• Crater diameters on Pluto, Charon, and 
Arrokoth provide an indirect view of the 
size of the impactor population

• Knee at 10-15 km points to a dearth of 
small TNOs, compared to the asteroid belt
• Different collisional history?

• Serendipitous occultations are one means 
of studying the population in a more 
direct way

Singer et al. (2021)



wikipedia.org

Batygin & 
Brown (2016)

Extreme TNOsExtreme TNOs



Roman Survey for Extreme TNOs (RoSET)
• The major goal of RoSET is to meaningfully increase the 

sample size of known ETNOs, specifically those further from 
perihelion, in order to remove any observational biases in the 
distribution of ETNO orbital parameters and re-evaluate the 
possibility of a distant planet.
• A secondary goal of RoSET is to detect objects currently even 

further from the Sun than the ETNOs, beyond the “Kuiper cliff.”

F146

Schwamb et al. (2018)



RoSET (cont.)
• 10 1000-s exposures with wide F146 filter
• 4 WFI fields = 1 sq. deg., 95% efficiency
• Same sky coverage would require 100 JWST/NIRCam

mosaic tiles & multiple days of exposure time, reaching 
max 50% efficiency
• 3 visits to look for movement of distant targets
• Avoid galactic plane, cover ~20 sq. deg. over 700 hours 

(~1 month)
• Reach a depth of r = 28.5 to identify >100 new ETNOs

• OSSOS: r = 25
• LSST: r = 24.5



Astrophysics resources & solar system press releases
!!

2.3% x 6.7 = 15.3%
Holler et al. (2018)



Synergies with other observatories
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