
Solar System Exploration through Discovery and Characterization 
The LSST will probe the solar system, identifying millions of new objects and defining their 

• Orbits – collisional families, dynamical studies and solar system evolution 
• Colors – taxonomy and familial relationships 
• Spin states – YORP/Yarkovsky-driven asteroid transport, collisional environment 

Moreover, coarse shapes can be derived, and many objects flagged as potential binary systems. 

LSST will be able to catalog main belt asteroids as small as 
200 m in diameter and Pluto-sized objects out to ~200  AU. 
“Deep drilling” will allow size distribution measurements down 
to 10 km in the transneptunian region and tens of meters in 
the main belt. The project will catalog 80-90% of 140m+ 
NEAs by detecting them even at the edge of the main belt. 
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The Earth Impact Hazard 
 In December 2005 Congress directed NASA to implement a near-Earth object survey that 

would catalogue 90% of NEOs larger than 140m. LSST, with its Deep-Wide-Fast survey approach 
and large etendue, is the only ground-based search program under consideration that can meet the 
Congressional mandate. Under the baseline survey, LSST would discover ~80% of the target 
population within ten years. To reach the Congressional goal of 90% would require a modified and 
extended NEO-Optimized survey, dedicating 15% of survey time to higher airmass searches near 
sun and along the northern ecliptic. This survey option would significantly impact other LSST 
science drivers, and thus requires additional funding and extended survey operations. 

 In any case, LSST will assess the hazard to Earth from asteroid impacts by constraining the 
orbital and size distribution of the near-Earth population, allowing concrete estimates of the impact 
frequency as a function of size. Moreover, measurement of colors and spin states will allow for the 
physical characterization of discoveries as requested by Congress, including refined estimates of 
mass and size, which are critical for NEO deflection considerations. 

Baseline LSST Survey: 
~80% of 140m+ NEOs in 10 years 

NEO-optimized LSST Survey : 
~90% of 140m+ NEOs in 10 years 

 LSST will address key planetary science objectives identified as priorities by diverse 
national science panels. This is due to LSST’s Deep-Wide-Fast survey implementation, 
which is ideal for detecting faint solar system objects. Specifically, the proposed cadence 
includes two back-to-back 15 second exposures that will detect sources as faint as r=24.7. 
By revisiting each 9.6 square degree field within roughly 30 minutes, the system will find 
about 4000 moving objects per field near the ecliptic and cover the entire observable sky 
4-5 times per lunation. LSST will produce an instantly public multicolor dataset of 
exceptional accuracy, with, for example, 50 mas  astrometry and 70 millimag photometry at 
r=23.5. 

 The ten-year survey will discover approximately 15,000 Potentially Hazardous 
Asteroids larger than 140m, approaching the George Brown Near-Earth Object Survey goal 
set by Congress of cataloging 90% of such objects. It will also find millions of main belt  

asteroids and up to 100,000 transneptunian objects, as well as thousands of objects in 
between, such as comets, Trojans, Centaurs and irregular satellites of the outer planets.  

 The orbit, size and color distribution derived for various classes of object will 
allow new tests and constraints for theories on the formation and evolution of the solar 
system. Detection of very distant objects will permit new insights into the nature of the 
Öort cloud. The sparse photometry from LSST detections will be sufficient to enable 
spin state and shape models to be developed for tens of thousands of asteroids. By 
revealing perturbations on smaller asteroids, the accurate astrometry will allow 
estimates of the mass of hundreds of main belt asteroids. By pushing to ever smaller 
sizes, derivation of proper elements for main belt asteroids will greatly enlarge existing 
asteroid families, and precise multi-color photometry will facilitate further division by 
correlating color with dynamical class and history.  

A Sampling of Planetary Science Research Projects 
•The inner Oort cloud. Objects with perihelion beyond ~70 AU and aphelia well inside the Oort cloud 
cannot have been formed through any process currently active in the solar system. These objects are 
thus stable tracers of much earlier events in solar system history. Objects found past ~150 AU will, in 
addition, be the largest solar system objects discovered by LSST.  
•Inactive Oort cloud comets.  LSST will discover comets at greater distance from the sun, where they 
are inactive and nucleus properties can be better studied. 
•Wide KBO Binaries.  10% or more of large KBOs are binary.  If the same fraction of smaller KBOs are 
binary, LSST should detect hundreds or even thousands of them. 
•Outer solar system families.  2003 EL61 is known to be the largest member of a family, unlikely to 
have formed under current conditions.  Discovery of more such families may provide insights into early 
outer solar system evolution. 
•Centaurs.  Centaurs are transient bodies presumed to have recently evolved from the Kuiper belt.  As 
such they provide samples of the small end of the KBO distribution.  LSST will provide overlap in the size 
range of discovered KBO and Centaur populations to better link the two.  
•Asteroid mass estimation.  Precision astrometry of small asteroids passing close to large asteroids 
should allow mass determination of about 100 of the largest main belt asteroids. 
•Detection of recent main belt breakups.  A number of pairs of asteroids have been found in such 
similar heliocentric orbits that they must have originated from single (binary) bodies within the last million 
years or less.  Probing to smaller sizes should reveal thousands of such pairs, allowing detailed study of 
the process that created these pairs of common origin. 
•Inner solar system asteroid families.  The Hungaria region just beyond the orbit of Mars has a 
collisional family within it of very high albedo objects.  This unique family will allow us to study a relatively 
isolated population of asteroids to unprecedented small size, complete down to ~100 m sized bodies 
where radiation pressure forces and torques (Yarkovsky and YORP effects) dominate evolution of orbits 
and spins. 
•Size frequency distribution.  LSST will map the size-frequency distribution of main belt asteroids 
down to small enough size to provide overlap and comparison with the size frequency distribution of 
NEOs. 

Sparse Light Curve Inversion 
Through so-called “sparse light curve inversion” techniques, we expect to derive models of global 
shape, spin axis direction, and rotation period for about 104 to 105 main-belt and near-Earth asteroids 
from LSST photometry, which means that we will be able to map a substantial part of the asteroid 
population. Roughly speaking, once we have at least ~100 sparse brightness measurements of an 
asteroid over ~5 years, calibrated with a photometric accuracy of ~5% or better, a coarse model can be 
derived. The sparse data inversion gives correct results also for fast (0.2-2 h) and slow (>24 h) rotators. 
(Durech et al. 2007) 

 For TNOs, the viewing/illumination geometry changes very slowly and the full solution of the 
inverse problem is not possible. However, accurate sparse photometry can be used for period 
determination. Moreover LSST sparse photometry can be also used for detecting (but not modeling) 
'non-standard' cases like binary and tumbling asteroids. A fully synchronous binary system behaves 
like a single body from the photometric point of view. Its binary nature can be revealed by the 
rectangular pole-on silhouette and/or large planar areas of the convex model. In some cases - when 
mutual events are deep enough - asynchronous binaries can be detected from sparse photometry. 
Interesting objects can be then targeted for follow-up observations.  

Right: Simulated 
sparse photometric 
observations, reduced 
to unit distances to 
Earth and Sun, of a 
main belt asteroid. The 
time series at top 
shows that the object is 
detected at over a 
dozen apparitions 
during the ten-year 
simulation. The phase 
angle coverage with 
these data is depicted 
at bottom. Above: Simulated and estimated shape obtained through 

sparse lightcurve inversion with a main belt asteroid. 


