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Lightcurve analysis is a powerful tool to learn about the physical properties of small 
solar system bodies. In the last half-century the technique has been widely used in 
the study of main-belt asteroids, of which a few thousand of those objects have 
known rotational properties (lightcurve period and photometric range).  The study of 
the fainter Centaurs and Kuiper belt objects through analysis of their lightcurves is at 
a far more primitive stage as less than a hundred bodies have measured lightcurves. 
In spite of the low numbers, interesting results have been secured which reveal the 
different nature and evolution of these icy objects.  I will summarise what is known 
about the rotational properties of these outer solar system populations, focussing on 
some extreme examples such as Varuna, 2001 QG298 and Haumea.  

Figure 1.  Rotational lightcurves of Kuiper belt objects Varuna (left) and Haumea (right). 
From Jewitt & Sheppard (2002) and Lacerda (2009).
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the expected signature of an elongated body in rotation
about its minor axis. However, this interpretation is not
unique: an appropriate arrangement of albedo markings
can reproduce any light curve (Russell 1906). The large size
of Varuna suggests that any elongation of the body is prob-
ably caused by a large specific angular momentum and the
resulting rotational deformation. Here we consider the two
limiting cases in which (1) the light curve is produced
entirely by albedo variations across the surface of Varuna
and (2) the light curve is produced by rotational modulation
of the geometric cross section of Varuna due to aspherical
shape. The real situation of Varuna will naturally lie some-
where between these two extremes.

4.1. AlbedoModels

A complex distribution of albedo markings could pro-
duce the observed light curve. If so, the DmR = 0.42 ! 0.02
mag photometric range would imply an albedo contrast
100:4DmR " 3 : 2 or greater (depending on the projection of
the rotation vector into the line of sight). Some spherical
outer solar system bodies show large albedo contrasts,

notably Iapetus (Millis 1977) and Pluto (Buie, Tholen, &
Wasserman 1997). On Iapetus, the albedo contrast is associ-
ated with a color variation, the dark material being redder
than the bright material (Table 4). Rotational color varia-
tions on Varuna as large as those on Iapetus would be appa-
rent in our data if they were present. Pluto’s hemispherical
albedo contrast is matched by a corresponding color varia-
tion that is barely measurable even in this bright object
(Table 4). Large color differences exist between local surface
units on Pluto (0.77 # B$V # 0.98; Young, Binzel, &
Crane 2001), but hemispherically averaged color variations
occur only at the 0.01 mag level and are so small that they
would not be detected in the present work (Table 4). From
the example set by Pluto, we conclude that the absence of
color variations on Varuna larger than a few times 0.01 mag
places no useful constraint on the albedo modulation
hypothesis.

If Varuna is spherical and rotating at period P, we can
obtain a lower limit to the density by requiring that the body
not be in a state of internal tension. Simple force balance

Fig. 1.—Sample rotational light curve data for Varuna from UT 2001
February 17. Error bars of!0.02mag plotted for reference.

Fig. 3.—Same as Fig. 2, but with period as the x-axis and at higher reso-
lution on the single-peaked best fit, to show the aliases caused by the %60
day gap between the February and April observations. The three lower
peaks are all reasonable fits to the data, with the middle peak at 3.1721 hr
being the best fit for the single-peaked light curve.

Fig. 2.—Phase dispersion minimization (PDM) plot computed from the
entire R-band data set of Varuna (February and April observations). The
best fit is the frequency near 3.78 cycles day$1 (double-peaked period of
6.34 hr). The other large peaks flanking the 3.78 frequency are the 24 hr
sampling aliases. The single-peaked period is at 7.57 cycles day$1 (period of
3.17 hr), with associated flanking 24 hr alias periods.

Fig. 4.—R-band photometry of Varuna, phased according to the dou-
ble-peaked rotation period Prot = 6.3442 hr. The April data have been
brightened by 0.09 mag to correct for the dimming effects of a higher phase
angle (see Sheppard & Jewitt 2002) and greater distance of Varuna com-
pared with the February observations.
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Figure 2. Binned near-infrared light curve of Haumea. Here, sets of consecutive
data points in Figure 1 have been binned to reduce scatter. The green hexagons
(J-band) and the red circles (H-band) mark the mean rotational phase and the
magnitude of consecutive measurements (mostly sets of four). Measurements
from 2007 (Lacerda et al. 2008) are marked for direct comparison: the green
squares are J-band measurements, while the densely sampled B- and R-band
data are plotted as thick cyan and orange lines. The vertical axis corresponds to
the J2008 apparent magnitude. Data in other bands have been shifted using the
mean colors (see the text).

Figure 3. Visible and near-infrared color curves of Haumea. Each curve
represents deviations from the respective rotationally medianed mean color
(from bottom up, B − J = 1.856 ± 0.012 mag, B − H = 1.799 ± 0.021
mag, R − J = 0.885 ± 0.012 mag, R − H = 0.828 ± 0.016 mag, and J −
H = −0.057 ± 0.016 mag) and is vertically shifted by 0.1 mag for clarity.
Slight reddening bumps are observable in B − H, B − J, and possibly in R − H
and J − H.

Figure 4. Running Gaussian probability for each of the color curves in Figure 3.
Unlikely sequences of points all above or below the median colors (horizontal,
dotted lines in Figure 3) will be visible as peaks in this figure. The color curve
B − H shows a significant peak at rotational phase φ ∼ 0.8. Curves B − J and
R − H show smaller but noticeable features at the same rotational phase.

Figure 5. Running Gaussian probability for the B − H color curve for four
window sizes, ∆φ = 0.20, 0.25, 0.33, and 0.50. The running probability p(G)
is calculated in a window of width ∆φ which is evaluated in rotational phase
steps of 0.05. The differences are minimal for window sizes 0.20 ! ∆φ ! 0.33.
For the largest window size ∆φ = 0.50 the probability begins to appear diluted.
See the text for details.

H-band reflectivity which, close to φ = 0.8, is accompanied by
a depressed B-band reflectivity. Close to φ = 0.9, B remains
depressed, while H is restored to average values. We note that
this variation is consistent with the results shown in Figure 4.
To summarize, the DRS region is both fainter in B and brighter
in H than the rest of Haumea.

The presence of a blue absorber on the DRS could explain
the fainter B reflectance. A recent U- and B-band photomet-
ric study of KBOs (Jewitt et al. 2007) suggests that objects
in the classical population (objects in quasi-circular orbits be-
tween the 2:1 and the 3:2 mean-motion resonance with Neptune)
lack significant blue absorption. As discussed by those authors,


