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Shape and Spin of Near-Earth Asteroid 308635 (2005 YUSS) From Radar Images and Speckle Tracking.
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Near-Earth  asteroid 308635 (2005 YUSS),
hereafter YUSS, was discovered by Spacewatch on
2005 December 28. Radar imaging at the Arecibo
Observatory in 2010 showed that YUSS5 is roughly
spheroidal, with a diameter of about 400 m.

On 2011 November 8, YUS55 made a 0.00217 AU
(0.845 lunar distances, 325000 km) flyby of Earth.
This was the closest approach of a known asteroid of
YUSS’s size since 1976 and until 2028. Taking
advantage of this exceptional opportunity, we
organized an extensive radar observing campaign.

We observed YUSS with the Deep Space Network
Goldstone DSS-14 and DSS-13 antennas from Nov. 4
to Nov. 11, Arecibo and the Green Bank Telescope
from Nov. 8 to Nov. 11, Arecibo and elements of the
Very Long Baseline Array from Nov. 11 to Nov. 13,
and Arecibo alone from Nov. 13 to Nov. 18. Over the
course of the radar campaign, we reduced the
uncertainties in our knowledge of YUS55’s orbital
elements by 89%, showing that this was its closest
Earth approach until at least 2075.

We obtained several hundred radar images with
resolution as fine as 3.75 m in range at Goldstone (Fig.
1) and 7.5 meters at Arecibo to study YUS55’s shape
and surface features. We also obtained Arecibo/VLBA
radar speckle tracking data to constrain its spin state.

The asteroid’s surface is strewn with numerous
decameter-scale boulders, with an areal density
comparable to that seen on Itokawa (Michikami et al.
2008), and also small depressions that may be impact
craters. YUSS5’s overall shape is indeed close to
spheroidal, with maximum dimensions of 360 + 40 m
in all directions. The single largest surface feature is a
150-200 m long area, raised by about 20 m and aligned
with the asteroid’s equator. This may be a portion of a
relict equatorial ridge from a time when the asteroid
was fast-spinning, or simply a local outcropping.

Based on our speckle tracking data (Busch et al.
2010), YUSS spins retrograde, with a spin angular
momentum vector of ecliptic lon, lat = (20°,-74°) + 20°.

Fig 1: Goldstone radar image of 2005 YUS5S5, obtained at
2011 Nov 9 02:05 UTC. Time delay increases from top to
bottom with 0.025 us (3.75 m in range) resolution and
Doppler frequency, increases from lefi to right with 0.0156
Hz resolution. Decameter-scale boulders show as small

clumps of bright pixels that are particular conspicuous in the
lower half of the image.

Fits to our radar data and optical lightcurves (B.
Warner & P. Pravec, pers. comm.), indicate that YUS5S5
has a spin period of 19.0 = 0.5 hours. Due to its
relatively slow spin, we expected that YUS55 might
have been torqued into a non-principal axis spin state
by terrestrial tides during the flyby. However, both the
speckle tracking and radar imaging are consistent with
principal-axis rotation; we constrain the amplitude of
any non-principal-axis “wobble” to be <10° both
before and after the flyby.

The YUSS images are one of the strongest sets of
radar images ever obtained. We will present a detailed
shape model at the meeting.
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