
LPS XXVI 1191 

NEAR-INFRARED GEOMETRIC ALBEDOS OF CHARON AND PLUTO: CONSTRAINTS 
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The geometric albedos of Charon and Pluto are derived at near-infrared (near-IR) wavelengths (1.4- 
2.5 pm). Comparisons of these to theoretical calculations are used to constrain the identity and 
relative abundances of surface ices on Charon. These comparisons suggest that widespread regions of 
pure CH4 ice do not occur on Charon and that if CH4 is abundant on Charon, then it is large grained 
( = 5  mm) and is likely mixed at the granular level with H20 ice, and possibly C02 ice. 

Pluto and its moon Charon may represent two huge icy planetesimals that condensed from the solar 
nebula in a region where T < 50K [I] and escaped accretion by the giant planets. They may therefore 
provide a sampling of the primitive stage in the transition from interstellar materials to the planets and 
satellites in our solar system. The Pluto-Charon system also has the highest ratio of the radius of the 
satellite to the radius of the planet ( ~ 0 . 5 ) ;  about a factor of 2 greater than that for the Earth-Moon 
system (= 0.27). This may indicate that like the Earth-Moon system, Pluto and Charon have 
undergone different internal evolutionary sequences. Insight into their original composition and 
subsequent evolution can be provided by knowledge of their current surface composition. 

While Pluto and Charon are in close proximity, they have different surface compositions. Recent 
near-IR spectroscopy of Pluto has revealed that the surface is dominated by N2 ice with minor 
amounts of CH4 and CO ices [I]. Spectra of Charon exhibit features indicative of H20 ice [2,3], 
although recent theoretical calculations suggest a significant non-H20 ice component may be present 
as well [4]. Comparisons of the calculated geometric albedos of volatile ice mixtures to the 
broad-band p2.2 p, of Charon [5] eliminated only a few of the mixtures from further consideration 
[4]. If px were know for Charon over a broader range of near-IR wavelengths, then greater 
constraints could be placed on the surface composition. 

Observations of Charon and Pluto were originally obtained by [3]. For completeness we derive ph 
for Pluto below. However, here we focus on Charon, and hence do not discuss the Pluto data any 
further. All data were originally presented as magnitude differences relative to the standard star 
SA0120599 (SAO). Digital versions of all the data were kindly provided by Marc Buie. 

To de r ivep~  for Pluto and Charon, the near-IR magnitudes of SAO must be determined. SAO is 
listed as a GOV stellar type with a visual magnitude of 8.414f 0.031 [6], however its color properties 
remain unreported. Here we assume that its color is represented by the average of all the data for GO 
stars presented by [7,8,9]. Using the visual magnitude above, yields H=7.03 f 0.08 and 
K=6.97 k0.07. The magnitude of the object (m,) is determined via m, = A + msAo, where A is 
the magnitude difference as presented in [3] and msAo is the derived magnitude of SAO. The 
derived H magnitude of SAO was used for wavelengths 1 1.8 pm and the K magnitude of SAO for 
wavelengths > 1.8 pm. Using the visual solar magnitude (mo) and colors of [7], the difference 
between m, and mo is calculated @ = m, - mo). The ratio of the flux from the object to that of the 
Sun (at 1 AU) is expressed as F o l F o  = 104+4D. px is calculated at each wavelength using the 
heliocentric distance (R, in AU), the geocentric distance (d, in AU), and the radius of the object (r, in 
AU) viaph = ( 9 , 1 9 0 )  (R2D2/~).  Figure 1 shows the geometric albedos of Pluto and Charon, at a 
rotational phase angle (#) of 0.75, using radii of 1163k22.9 km and 621 k20.6 km (converted to 
AU), respectively [lo] and 29.6991 and 28.7411 AU for the calculated helio- and geocentric 
distances, respectively, appropriate for the time of the observations. At +=0.25, Charon was 
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between the Earth and Pluto, while at 4 =0.75 Pluto was between the Earth and Charon. At 4 =0.5 
and 1.0 (or 0.0) Charon is at southern and northern elongation in its orbit, respectively. 

[ l  11 and [12] found px - 0.45 near 1 pm for Charon. In this paper we find pl .5 = 0.20f 0.05, 
indicating a significant difference from the 1 pm value. Narrow-band filter observations of Charon 
(+=0.75, [4]) were used to derive i t s h  at four wavelengths assuming a radius of 593 km [12]. 
Using a radius of 602 km for Charon, [5] report  the^^.^ ,, of Charon at 4 = 0.42 and 4 = 0.06. 
All of these values have been scaled to the Charon radius used here and are compared in Figure lb. 
Fig. l b  indicates that the px's derived here are comparable, within the errors, to the values derived by 
[4] with the notable exception of the 1.5 pm value, and the 2.2 pm value is higher than either value 
presented by [5]. Convolution of the data presented here, using the nominal K photometric filter 
response given in the IRTF photometry manual [13], yields a broad-band p2.2 pm of 0.22k0.03 for $I 
= 0.75 and thus is comparable to the value given by [5] for 9 = 0.06. 

[4] calculated thepx using scattering theory for mixtures of volatile ices (e.g., H20, C q ,  and 
CH4) representing the surface of Charon. Comparison of px derived here to calculated spatial 
mixtures suggests that relative areal coverages of =20% remain consistent with the observations. 
Additional comparisons suggest that significant occurrences of pure CH4 ice is unlikely on Charon. 

Similar comparisons for intimate mixtures suggests that relative mass fractions of up to 50% C02 
ice remain consistent with the observations. Additional comparisons suggest that large relative mass 
fractions of CH4 ice (= 30%) only remain comparable to the observational data if it is coarse grained 
( = 5  mm). 
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Figure 1. (a) Geometric albedos of Charon (+) Pluto (0) (b) Comparison of the geometric albedos 
derived here (0) to previous reported values for Charon; r and 7 from [5]; + from [12]. 
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