
THE SEARCH FOR RINGS AND BINARY COMPANIONS OF KUIPER BELT OBJECTS BY NEW 
HORIZONS.  A. H. Parker1, H. A. Weaver2, S. B. Porter1, A. J. Verbiscer3, J. R. Spencer1, M. W. Buie1, A. M. 
Zangari1, S. A. Stern1, C. B. Olkin1, J. Wm. Parker1, and the New Horizons Team.  1Southwest Research Institute, 
Boulder, CO (aparker@boulder.swri.edu), 2The Johns Hopkins University Applied Physics Laboratory, Laurel, MD, 
3University of Virginia, Charlottesville, VA. 
 

 
Introduction:  The search for post-Pluto flyby tar-

gets for the New Horizons spacecraft netted a large 
number of Kuiper Belt Objects (KBOs) that could be 
observed by the spacecraft at long range (of order 
0.1—1 AU). Due to the observational geometry of 
these targets with respect to the spacecraft, New Hori-
zons is capable of uniquely characterizing certain 
physical properties. These properties include (1) the 
phase curve over a sufficient range of phase angles to 
measure the phase integral, (2) the binarity at separa-
tions up to 5 times tighter than probed by the Hubble 
Space Telescope, and (3) the presence or absence of 
diffuse, forward-scattering rings or debris swarms. At 
present, long range observations have been downlinked 
bright objects including Haumea, Makemake, Quaoar, 
and Arawn, as well as a number of closer, fainter tar-
gets. The lightcurve and phase curve properties of the-
se targets are covered in abstract by Verbiscer et al. 
Here we will outline the search for binary companions 
and ring systems using New Horizons observations. 

Binary Companion Search: To date, no new bina-
ry companions have been detected via New Horizons 
long-range observations. The highest spatial resolution 
datasets remain to be downlinked. Binned LORRI ob-
servations with 4” x 4” pixels have been downlinked 
for 2011 HK103, 2011 JY31, 2011 JW31, 2011 
HF103, and  2011 HZ102. In early 2019 we expect 
images of two more targets to be downlinked in 4x4. In 
spite of the binned angular resolution being 100 times 
coarser than HST WFC3’s native resolution, the prox-
imity of the spacecraft to its targets results in a spatial 
resolution better than HST for all listed targets.   

These targets are among the faintest that have been 
searched for binary companions, and they have all 
been searched to separation limits tighter than is possi-
ble with HST. The current target list and spatial resolu-
tion delivered by the current 4x4 observations are 
shown in Table 1. 

  
Table 1: Long Range Binary Search Targets 
Target Min R Resolution Binary? 

2011 HF103 0.39 AU 1130 km/pix No 
2011 HK103 0.25 AU 730 km/pix No 
2011 HZ102 0.19 AU 540 km/pix No 
2011 JW31 0.15 AU 450 km/pix No 
2011 JY31 0.14 AU 390 km/pix No 

No a priori constraints existed on the separation 
distribution of binary companions to KBOs between 
contact (from photometric detection) and ~1200 km 
(from HST direct imaging). While the current 4x4 ob-
servations do not fully fill this range, the absence of 
any detected binaries caps the rate of very tight binary 
systems in this range to be <60%. Primordial binary 
companions in this separation regime may have 
evolved into contact or near-contact configurations 
through early evolution in a collapsing pebble swarm 
or through KCTF [1]. The bilobate shape of 2014 
MU69 [2] may be the result of a similar evolutionary 
path, and determining the extant binary population in 
the close-but-not-contact regime will be important for 
eventually understanding the full origin story of 2014 
MU69. With the delivery of the full data set of long-
range observations in the high resolution 1”x1” mode, 
our sensitivity to close binary companions will in-
crease, and absent any companion detections the limits 
on the very tight binary rate for small, low-inclination 
KBOs will reduce further. 

Ring Search: To date, no evidence for extended 
forward-scattering structures have been detecting in 
high-phase photometry of long-range KBO targets. 
Assuming a Saturnian G-ring like phase curve, upper 
limits on Chariklo-like icy ring systems have been es-
timated for (15810) Arawn to be less than 0.5%  of the 
relative scale of Chariklo’s rings (scaled in terms of the 
ratio of the light contributed by the rings to the low 
phase integrated system luminosity). Very high phase 
(~120º) observations of both 2011 HK103 and 2011 
JY31 likewise are consistent with solid body scatter-
ing, resulting in similar upper limits on diffuse rings 
similar to Arawn. Ring searches for other targets have 
proven challenging due to both scattered solar light in 
the instruments and the large lightcurve amplitudes 
displayed by a number of the targets at high phase. 
However, the most sensitive high phase observations 
for many of the closest of the long-range targets re-
main to be downlinked. 

Cautions for Population Synthesis: Most of the 
small objects in the sample observed by New Horizons 
were discovered in dedicated searches for mission tar-
gets. These searches pushed the limits of KBO detec-
tion in terms of total depth and stellar confusion. The 
discovery process, particularly when pushed to its lim-
its, can introduce selection effects that influence the 
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distribution of physical properties of objects that make 
it into any subsequent sample. These selection effects 
must be accounted for in any effort to determine the 
intrinsic distribution of physical properties in the 
source populations. As an example, we consider the 
influence that the discovery process had on selecting 
for the particular figure and pole orientation of 2014 
MU69 (the extended mission flyby target). 2014 
MU69 was the faintest target discovered by the search 
effort, and is near the 50% detection threshold. Our 
discovery pipelines all required recovery in two time-
correlated epochs and one uncorrelated epoch. Simu-
lating a KBO population with a luminosity function 
power law slope of 0.4 [3], 2:1 axial ratios, randomly 
oriented rotation poles, and 15-hour rotation periods, 
we find that the faintest object in the 5-object sample 
will preferentially have a near pole-on orientation, and 
the observed orientation becomes two times more like-
ly in this biased sample than in a naïve uniform pole 
distribution.  
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