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Abstract
We conducted a magnitude-limited survey of 35
Kuiper Belt Objects (KBOs) and Centaurs, observed
as part of a Large Program at the 3.6-m ESO New
Technology Telescope (NTT) between 2014 and 2016.
This is the first survey with a 4m telescope conducted
in an entirely homogeneous manner (using the same
telescope, the same observing strategy, and the same
data analysis). The 2-year span of the program al-
lowed repeated observations of the same targets dur-
ing multiple observing runs at different phase angles,
and prompted the development of a technique that
would allow simultaneous determination of the rota-
tional lightcurves and the phase functions of the ob-
jects. Here, we present the results from the program
and give special emphasis on the strategies used to ob-
tain and interpret the observations. In particular, we
use the lessons learned from this program to propose
optimal strategies for observation planning and data
analysis, which would facilitate the efficient charac-
terisation of larger samples of KBOs in the future.

1. Introduction
Many questions related to the formation and subse-
quent evolution of KBOs can be answered with tar-
geted photometric studies of their physical and surface
characteristics. Ground photometric observations can
be used to reveal their colours, surface spots, phase
functions and albedos. Photometric time-series with
sufficient signal-to-noise ratio can be used to derive
the object’s lightcurve period and peak-to-peak range
(∆m) which can constrain the KBO’s spin rate and
shape. Lightcurves are therefore powerful tools to
compare different populations [1, 2] and to study in-
dividual objects in detail [3, 4, 5].

Previous lightcurve observations have been reported
for roughly 100 KBOs [6, 7, 8]. The majority of them
have been obtained with smaller 1-m or 2-m class tele-
scopes and do not have rotation period solutions, nor
useful upper limits to the variability. Furthermore, the

available sample of known rotation properties may be
biased towards elongated KBOs [9], as authors tend
to report lightcurve detections, while publications of
cases with no detected variability are less frequent.

2. Observing program
Our program was awarded 48 nights to study the
lightcurves of Centaurs and KBOs from all dynamical
classes. Despite losing over 40% of the awarded time
due to bad weather, we obtained r’- and g’-band pho-
tometry of 35 objects (Fig. 1). Our analysis aimed to:
1) measure their spin periods, as well as to constrain
their shapes and bulk densities; 2) identify objects with
extreme shapes or spins and possible contact-binaries;
3) study surface colour variations, including the pres-
ence of surface spots; 4) obtain a sample of absolute
magnitudes and optical colours protected from light
curve variation; 5) measure solar phase functions for
the entire sample.

3. Observing strategy
In order to address the survey goals defined above, we
had to fulfil the following requirements:

• Study a large sample of objects which includes
different size ranges and covers all dynamical
classes in order to compare the physical proprties
of the different populations.

• Detect the brightness variation of slow-rotating
objects (P>20 hours) since these lightcurves have
been missed by previous surveys consisting of
short observing runs.

• Determine the lightcurves of objects with small
∆m<0.2 mag, as these were not accessible to
previous studies with smaller telescopes.

• Observe the targets at different phase angles in
order to determine their phase functions. Phase
functions are considered useful in two ways: 1)
they enable the comparison of the microscopic
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surface properties of different objects; 2) they
allow an accurate determination of the absolute
magnitude of the objects, and therefore improve
the geometric albedo estimates.

4. Data analysis
Deriving the rotational lightcurves of faint targets and
objects with small brightness variation required very
precise magnitude measurements. In addition to this,
combining data from different observing runs required
reliable magnitude calibration. We therefore devel-
oped a technique for absolute photometric calibra-
tion using multiple comparison stars from the Pan-
STARRS catalog in each frame (see [10]). Without the
small absolute-calibration uncertainties of this method
(down to 0.01 mag), deriving the lightcurves of objects
with small ∆m would not have been possible.

Another very important aspect of the data analy-
sis in this work is the simultaneous determination of
the object’s phase-function slope and lightcurve pe-
riod (Fig. 1). This is implemented through a mod-
ified version of the Monte Carlo method adopted in
[10]. This technique ensures that the complete range
of possible solutions for both parameters is explored
and provides reliable uncertainty ranges on the re-
ported values. The combination of period-fitting algo-
rithms (Lomb-Scargle periodogram and string-length
minimisation) was carefully selected in order to distin-
guish between single and double-peaked lightcurves,
as well as to guarantee that the best periods are also
found in the extreme cases of asymmetric lightcurves
or lightcurves with sharp minima.

5. Summary
This paper will present the results from our large
photometric survey of 35 KBOs and Centaurs. We
will highlight the most interesting discoveries and will
compare our results to previous studies. We will dis-
cuss the benefits of the observing strategy adopted
in this work. We will also emphasise the benefits
of 1) performing absolute calibration using all-sky
photometric catalogues, 2) careful selection of the
period-fitting algorithms used, 3) simultaneous phase-
function and ligthcurve fitting, and 4) methodologi-
cal inspection of the determined rotation periods and
phase-function slopes. These insights from our pro-
gram will be highly beneficial for the planning of fu-
ture photometric surveys of the Kuiper belt.
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Surface Evolution of Jupiter-Family Comets

Bulk Properties of KBOs (Preliminary Results)

Variety of KBO Lightcurves and Phase Functions from our Program
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Magnitude-Limited Survey of the Rotational Properties of KBOs

Rotation period against projected axial ratio.
The solid lines show the minimum density
required by a strengthless body to remain stable
against rotational instability.

Projected axial ratio against diameter. Trend
of decreasing axial ratio (rounder shapes) with
increasing KBO size?

We present the preliminary results from a magnitude-limited survey of 35 Kuiper
belt objects (KBOs), observed as part of an ESO large program at the 3.6-m New
Technology Telescope (NTT) between 2014 and 2016.

Our KBO lightcurves show great variety of periods and peak-to-peak amplitudes.
Using a 4m telescope as well as precise absolute photometric calibration allowed us
to derive lightcurves with long rotation periods and small peak-to-peak amplitudes.

One of the main goals of this work is to compare the bulk properties and physical
characteristics of KBOs and JFCs.

In Kokotanekova et al. (2017) we built a complete sample of all JFCs with known
rotational and surface properties and added 6 new comets to it. We used this sample
to derive lower limits on the bulk density and tensile strength of comets.

In Kokotanekova et al. (2018, subm.), we used the phase-function slopes and albedos of
JFCs as a basis of a hypothesis for the surface evolution of JFCs. It would be particularly
interesting to connect this trend for JFCs to the surface properties of KBOs.
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Tensile Strength 

a/b=2.0, ρ= 0.5 g /cm3, T=15 Pa  

a/b=1.6, ρ= 0.5 g /cm3, T=10 Pa  

Model by  
Davidsson (1999,2000) 

Kokotanekova et al. (2017) 

Rotating body held together by : 
gravity + tensile strength 

 

Bulk Properties of JFCs
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In Kokotanekova et al. (2017) we derived the lightcurves of 6 JFCs (orange) and added them to
the sample of JFCs with known rotational properties from ground (grey) and spacecraft (blue)
observations. We used this sample to derive a lower limit of 10 Pa to the tensile strenght of
JFCs and confirmed the minimum bulk density of 0.6 g/cm3 from Lowry and Weissman (2003).

§ This is the first survey of this type using a 4m telescope which is conducted in an
entirely homogeneous manner.

§ We observed 35 KBOs using r’ and g’ filters at multiple epochs.

§ Our sample includes KBOs from all dynamical classes.

§ We developed a pipeline for consistent calibration and analysis of the data using
absolute calibration of each frame with Pan-STARRS stellar magnitudes.

§ To account for all uncertainties (in the photometric calibration and the geometric
correction), we derive the phase functions and periods with a specially-developed
Monte Carlo method.

§ For most objects we were able to determine their rotation rates, elongations,
albedos, phase functions, and surface colors.

§ We use the sample to derive the cumulative properties of KBOs and to compare them
to the properties of JFCs from Kokotanekova et al. (2017, 2018-submitted).
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Linear phase-function slope β versus geometric albedo in R-band for all 14 JFCs with measurements of both
parameters. The size of the symbols and their colors correspond to the effective radii of the nuclei. Despite
the large uncertainties in the measurements, the distribution of the comets in this plot suggests a correlation
between the phase-function slope and the albedo. The largest and least active nuclei appear to be clustered
at lower β and albedo. This correlation was first spotted in Kokotanekova et al. (2017).

§ In Kokotanekova et al. (2017) we collected a sample of 14 comets for which both the albedo and the
linear phase function slope β are known. We identified a correlation of increasing phase function
slope for increasing albedo.

§ In Kokotanekova et al. (2018, subm.) we found evidence which supports our hypothesis that this
correlation corresponds to the surface evolution path of JFCs. In this scenario, dynamically young
JFCs start their evolution with relatively high albedos and larger β. Sublimation-driven erosion

gradually makes their surfaces smoother and darker. Consequently, β and the albedos decrease.

§ If confirmed, this trend offers a fascinating opportunity to study the evolution of cometary surfaces
with ground-based observations, and potentially to compare the surfaces of JFCs and TNOs.

Kokotanekova et al.  (2017)

Kokotanekova et al.  (2018, subm.)

Figure 1: Phase functions (left) and rotational
lightcurves (right) of selected KBOs from our sur-
vey. The different colours of the points correspond
to different observing epochs. This selection of ob-
jects highlights the great variety of lightcurve shapes
and phase-function slopes that our survey was able to
determine.
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