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Introduction:  NASA’s New Horizons mission 
completed its historic flyby of the Pluto system in July 
2015 [1]. Here we present the first measurements of 
Charon’s far-ultraviolet (FUV) surface reflectance, 
measured by New Horizons’  Alice ultraviolet spectro-
graph [2] on approach to the Pluto system. 

Charon's mid-ultraviolet (mid-UV) reflectance was 
previously measured by the Hubble Space Telescope 
[3,4], finding a nearly constant geometric albedo of 
≈0.25 from 2250−3300 Å. Its reflectance blueward of 
2250 Å could not be measured due to the reduced solar 
flux at these wavelengths. 

Observations:  The Alice instrument aboard New 
Horizons is a lightweight, low-power spectrograph 
with a bandpass of 520−1870 Å [2]. Its imaging mi-
crochannel plate detector produces a 1024×32 data 
array, but only the central 780×21 pixels are illuminat-
ed. This study uses the narrow portion of the Alice slit, 
which covers the bottom two-thirds of the detector. 
Each detector row subtends 0.3 degrees in the spatial 
dimension, and the filled-slit spectral resolution is 9 Å. 

Alice observations of Charon were obtained as part 
of longer sequences performed in “ride along” mode 
where instruments other than Alice dictated spacecraft 
pointing. We analyze data from four of these sequences 
taken over a period of 14 hours that ended ~2.5 hours 
before closest approach. Within each sequence, we 
focus our analysis on the subset of exposures where 
Charon’s position in the Alice slit is relatively stable. 

All exposures were corrected as described in [5] for 
the effects of detector dead time, dark counts, and scat-
tered light from the wings of the Lyα profile generated 
by hydrogen in the interplanetary medium. Spectra of 
Charon were then extracted from individual exposures, 
and when possible exposures from the same observing 
sequence were combined using a variance-weighted 
mean. These coadditions are shown in Figure 1, along 
with the solar spectrum at Pluto arbitrarily reduced to 
fit on the scale of the plot. We adopt the solar spectrum 
of [6], which combines SUMER reference spectra [7] 
with observations from TIMED/SEE [8] for the New 
Horizons observation dates.  

The spectra in Figure 1 are labeled with the name 
of the observing sequence and the effective exposure 
time (the amount of time Charon’s position was stable 
in the Alice slit), and the sequences are ordered by 
decreasing range to Charon. Charon shows no observ-

able flux below 1650 Å in any of the sequences, and 
the observed flux at longer wavelengths increases as 
New Horizons approaches Charon. However, Charon's 
position in the Alice slit is most stable (i.e., its effec-
tive exposure time is longest) when New Horizons is 
far from Charon. The combination of these effects 
leads to modest and relatively constant signal-to-noise 
ratios (3-5 per 1.8-Å pixel) among the sequences. 

Results and Discussion: We determine the radi-
ance of Charon in each observing sequence by dividing 
the fluxes in Figure 1 by Charon's solid angle as ob-
served by Alice. We then take the ratio of Charon's 
radiance to the radiance of a Lambertian surface nor-
mally illuminated by the Sun (i.e., F⊙/π) to derive 
Charon's surface reflectance (I/F). The spectral shape 
of Charon's I/F is the same in all sequences, and the 
inset of Figure 2 shows the surface reflectance from 
PC_Airglow_Appr_4 as an example. The characteristic 
upturn from H2O ice absorption is present, as the re-
flectance rapidly increases from zero blueward of  
1650 Å to 0.07 at 1725 Å, and remains at that level 
until 1850 Å. 

Solar Phase Dependence. Figure 2 shows Charon's 
variance-weighted mean I/F from 1750–1850 Å as a 
function of solar phase angle. We estimate two differ-
ent statistical uncertainties in Charon's surface re-
flectance. The first is a random uncertainty based on 
photon-counting (i.e., Poisson) statistics and the sec-
ond is a systematic uncertainty that accounts for 
Charon's motion in the Alice slit. We assume a 3% 

Figure 1: FUV spectra of Charon from Alice observing 
sequences. A scaled solar spectrum is shown for 
comparison. The inset shows the 1σ flux uncertainty 
for each observing sequence from 1400−1700 Å.
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systematic pointing uncertainty for sequences where 
Charon fills the slit, and a 1% pointing uncertainty for 
sequences where it does not, since Charon's position in 
the Alice slit was never perfectly stable because other 
instruments dictated spacecraft pointing. Further, for 
sequences where Charon scans through the Alice slit 
we assume a 2-s uncertainty on the effective exposure 
time because its precise value is somewhat subjective. 

Since Charon's I/F is nearly constant at these wave-
lengths (see inset) and we are averaging over >50 pix-
els, the random uncertainties in the mean I/F are quite 
small despite the modest signal-to-noise ratio of the 
data; however, the systematic uncertainties are not re-
duced when averaging. The error bars in Figure 2 are 
the quadrature sum of the random and systematic un-
certainties for each sequence. 

We use the photometric model of [9] to study 
changes in Charon's relative FUV reflectance with 
solar phase. This model is fit to V-band images of 
Charon from Hubble and New Horizons spanning solar 
phase angles of <0.01−170 degrees. A least-squares fit 
finds that the solar phase curve of [9] matches the Al-
ice data when a multiplicative scale factor of 
0.3760±0.0065 is applied, as was done to produce the 
solid line in Figure 2. 

Charon’s FUV Geometric Albedo. Since the scaled 
V-band solar phase curve of [9] is a good match to the 
Alice data, we use it to correct the sequences to zero 
phase to determine Charon's FUV geometric albedo. 
We combine all sequences using a variance-weighted 
mean to increase the signal-to-noise ratio. Figure 3 
shows the geometric albedo of Charon obtained from 
averaging all of the Alice observing sequences.  

Charon's geometric albedo at 1800 Å (0.16±0.01) is 
significantly lower than the value of ≈0.25 from 2250−
3000 Å found by [3,4], and the FUV spectral slope is 
not large enough to reconcile the measurements. How-
ever, this difference is not surprising since Charon is 
composed primarily of H2O ice, like the saturnian 
satellites, and H2O-ice-rich surfaces decrease strongly 
in reflectance between 2250 Å and 1850 Å [10]. 

Figure 3 compares the geometric albedo of Charon 
as a function of wavelength to that of Enceladus using 
Cassini/UVIS data from [10]. After reducing the geo-
metric albedo of Enceladus by a factor of 3.8, we find 
that they have very similar spectral shapes in the FUV 
since both their surfaces are primarily H2O ice. 
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Figure 3: The geometric albedo as a function of 
wavelength for Charon (black line) and Enceladus 
(blue diamonds; [10]). The dotted line shows the 1σ 
random uncertainty and the dot-dashed line shows the 
1σ systematic uncertainty in Charon’s geometric 
albedo.  When the geometric albedo of Enceladus is 
reduced by a factor of 3.8 it is very similar to Charon's.

Figure 2: The variance-weighted mean I/F of Charon 
from 1750−1850 Å as a function of solar phase angle. 
The solid line shows Charon's V-band phase curve [9] 
scaled to match the Alice data. The inset shows the 
surface reflectance as a function of wavelength for 
PC_Airglow_Appr_4. The dotted line shows the 1σ 
random uncertainty in I/F and the dot-dashed line 
shows the 1σ systematic uncertainty.
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