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Introduction:  The Pluto system continues to grow 

with the addition of a new satellite in 2011[1].  This 

system needs a proper dynamical description to help 

understand its current state as well as providing future 

prediction locations in support of ground-based stellar 

occultation observations as well as for planning the 

New Horizons encounter in 2015.  We present new 

observations and a re-analysis of old astrometry that 

provides an internally consistent set of orbital elements 

for the Pluto system. 

Observations:  Our dataset consists of observa-

tions with the Hubble Space Telescope at four distinct 

epochs: Cycle 2 (1992-3), Cycle 11 (2002-2003), Cy-

cle 15 (2008), and Cycle 17 (2010).  The Cycle 2 data 

consist of observations taken with the original WFPC 

camera[2].  These data include only Charon and indi-

cated a non-zero eccentricity but this result was com-

promised by uncorrectable errors caused by Pluto’s 

albedo patterns.  The Cycle 11 data[3,4,5,6]  consist of 

observations taken with the ACS/HRC camera.  These 

data were used to measure accurate center-of-body 

positions for Pluto and Charon as well as pre-discovery 

observations of Nix and Hydra.  The orbits fitted from 

these data clearly show that the satellites are mutually 

perturbing.  Also, the Charon orbit still showed an non-

zero eccentricity but with an inconsistent longitude of 

periapse.  New Cycle 15 data included observations 

from WFPC2/PC and provide high quality astrometry 

of Pluto, Charon, Nix, and Hydra but as for Cycle 2 the 

observations are all of the center-of-light.  Cycle 17 

observations include images taken with the new WFC3 

camera which contains astrometric data for Pluto, 

Charon, Nix, Hydra and the newest satellite, P/2011 S1 

(informally referred to as P4).  All observations result 

from PSF fitting to the image data and for Charon are 

generally good to about 2 milli-arcsec. 

Data Analysis:  Two-body Keplerian orbits are 

quite good for fitting the apparent motion and predict-

ing future positions.  The only result from this type of 

fit that is useless is the system mass one would infer 

from the orbital motion.  Information on the mass can 

only come from a perturbed solution (see adjoining 

report from Tholen).  We performed least squares fits 

to all observations as individual cycles of data as well 

as in groups of datasets.  These observations do not 

immediately result in consistent orbit fits due to the 

presence of systematic errors. 

  We were able to identify and correct for these er-

rors and obtain fitted elements that are consistent be-

tween datasets.  The corrections include contributions 

from the Cycle 11 Pluto albedo map[6] but also require 

additional corrective values.  The final best-fit ele-

ments are shown in the following table. 

Elem Charon Nix P4 Hydra 

P 
6.3872273 

(3) 

24.85494 

(6) 

32.1866 

(22) 

38.20163 

(7) 

a 
19573 

(2) 

48831 

(25) 

57890 

(120) 

64736 

(11) 

e [0.] 
0.00232 

(19) 

0.0045 

(11) 

0.00658 

(15) 

i 
96.218 

(8) 

96.279 

(39) 

96.4 

(2) 

96.334 

(18) 

L 
4.50177 

(18) 

2.1563 

(14) 

1.413 

(39) 

5.6235 

(6) 

Ω 
3.89249 

(12) 

3.8935 

(8) 

3.8894 

(36) 

3.88782 

(33) 

w — 
0.46 

(9) 

0.3 

(2) 

6.005 

(18) 

In this table, P is the orbital period in days, a is the 

semimajor axis in kilometers, e is the eccentricity, i is 

the inclination in degrees, L is the mean orbital longi-

tude in radians, Ω is the longitude of the ascending 

node in radians, and w is the longitude of periapsis in 

radians.  The epoch for the orbits is JD=2452600.5 and 

is in the J2000 coordinate system.  The 1-σ uncertain-

ties in the final digits of each number are shown in pa-

rentheses.  Our work indicates that the orbit of Charon 

is circular to better than 3 km.  From these results we 

can estimate the positional uncertainty for each object 

at the time of the New Horizons closest approach.  The 

1-σ uncertainties are shown in the following table. 

Object Uncertainty (km) 

Charon 8 

Nix 60 

P4 22000 

Hydra 38 

For planning efforts, the orbits of Charon, Nix, and 

Hydra are already sufficient to support the New Hori-

zons encounter and stellar occultation predictions while 

P4 clearly needs further astrometric observations to 

refine its orbit 
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