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ABSTRACT

Context. Trans-Neptunian objects (TNOs) represent a new frontier in the study of our Solar System. In particular, the investigation of
their rotational properties can provide important hints about their internal structure and collisional evolution.
Aims. We expand the limited sample of TNOs with known rotation rates, and improve the knowledge of the physical nature of these
bodies.
Methods. We carried out photometric observations of 5 TNOs (144897 2004 UX10 , 145451 2005 RM43 , 145453 2005 RR43 , 2003
UZ117 , and 2003 UZ413 ) using the New Technology Telescope of the European Southern Observatory.
Results. We determined the spin rates of four targets, while only an estimation of the period was possible for 2003 UZ117 .
Conclusions. From the computed rotational periods and the obtained light curve amplitudes of four TNOs, we derived the lower limit
to their axis ratio a/b, and hence estimated their density. Combining our new results with literature data, we investigated the density
statistics of the small bodies of the outer Solar System.
Key words. Kuiper Belt – techniques: photometric

1. Introduction
The study of trans-Neptunian objects (TNOs) represents one of
the most outstanding subjects in planetary science, since these
distant and icy bodies are considered to be the remnants of the
planetesimals in the outer Solar System and to retain the most
pristine (least altered) material that can presently be observed.
Their investigation can help us to cast light on the origin and
early evolution of our own Solar System, as well as to understand
how the same processes work in extra-solar protoplanetary disks
and planetary systems.
In particular, it is possible to extract information about the
collisional history of TNOs by analysing their rotational rate distribution with size, since the current spin properties of TNOs
are supposed to have been strongly aﬀected by the mutual
collisions experienced by these bodies. The majority of larger
TNOs should rotate with quite primordial angular momentums,
while most of the smaller ones are probably fragments generated by disruptive collisions (Davis & Farinella 1997). Sheppard
et al. (2008) suggested that an intermediate population of radii
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50 <
∼ R <
∼ 100 km should have been gravitationally stable to
catastrophic break-up, but with spin properties highly altered
over the age of the Solar System.
A very powerful tool for retrieving information about these
distant bodies is the analysis of their photometric light curves,
which are functions of the rotational period, spin axis orientation, shape, and large-scale surface structure of the observed objects. Their densities are also constrained by rotational stability
considerations, hence the analysis of light curves allows us to obtain hints about the internal structure of the investigated bodies.
To increase the still rather limited sample of TNOs with
known rotational properties (few tens of objects, for a review see Sheppard et al. 2008), we carried out two observing
runs at the New Technology Telescope (NTT) of the European
Southern Observatory (ESO), in the framework of the Large
Programme 178.C-0036 (P.I. Barucci). The results obtained
from the first run for 5 TNOs and 2 Centaurs were published
in Dotto et al. (2008). In this paper, we present the data collected
during the second observing run studying 5 additional TNOs
(144897 2004 UX10 , 145451 2005 RM43 , 145453 2005 RR43 ,
2003 UZ117 , and 2003 UZ413 ).

2. Observations and data reduction
The data presented in this work were obtained on three nights
(December 4−6, 2007) at the ESO-NTT (La Silla, Chile) using the EMMI instrument, equipped with a 2 × 1 mosaic
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of 2048 × 4096 MIT/LL CCD with square 15 μm pixels.
Photometric observations were performed in RILD mode, with
a binning of 2 × 2, yielding a resolution of 0.33 arcsec/pixel. We
used the R filter (centered on 641.0 nm), adjusting the exposure
time according to the object magnitude and sky conditions.
The images were reduced using standard procedures with
the MIDAS software package: after subtraction of the bias from
the raw data and flat-field correction, the instrumental magnitudes were measured with aperture photometry. Because of the
non-photometric sky conditions, an absolute calibration of the
magnitudes, by means of observing standard stars, was impossible. Therefore, we performed diﬀerential photometry with bright
(to minimize random errors) field stars, typically using three of
them within each image. By visual inspection and radial profile
analysis of the images, we searched for possible signatures of a
faint coma around the observed TNOs, but none were found.
The obtained (light-time corrected) single-night light curves
are presented in Fig. 1.

3. Data analysis and results
We performed a Fourier analysis of the light curves following the
method developed by Harris et al. (1989). For 4 out of the 5 observed TNOs, we obtained the synodic rotational period, while
the quality of the data points was not good enough to find an unambiguous solution for 2003 UZ117 , the faintest of our targets.
The composite light curves are shown in Figs. 2−5.
Assuming that the observed light curve amplitudes are due
only to the bodies’ shapes, with negligible albedo variations on
their surfaces, we estimated a lower limit to the axis ratio a/b
from the relation
a
Δm = 2.5 log
,
(1)
b
where Δm is the maximum light curve amplitude (reached in
equatorial view, i.e., at an aspect angle ξ = 90◦ ) produced by a
triaxial ellipsoid with axes a > b > c rotating about the c axis
(see, e.g., Binzel et al. 1989).
A lower limit to the density of each observed object, below
which centrifugal break-up would occur, was derived by means
of the equation
 2
3.3
ρmin =
(1 + Δm),
(2)
P
where P is the rotational period (expressed in hours) and the resulting density is expressed in g cm−3 . This formula is obtained
by equating the centrifugal acceleration at the equator of a rotating prolate spheroid with its acceleration of gravity at the surface
(Pravec & Harris 2000).
Furthermore, we estimated possible density ranges using the
Chandrasekhar (1987) table for rotationally stable Jacobi ellipsoids. Minimum and maximum values of the density were obtained by inputing into the above-mentioned table the computed
a/b lower limit and a/b = 2.31 (more elongated ellipsoids are
unstable to rotational fission, Jeans 1919), respectively.
We note that both these derivations of the density assume a
cohesionless and strengthless body, i.e., a body with no tensile
nor pressure-dependent strength. In other words, they assume a
fluid body. It was shown that while cohesion does not play a
role in determining the permissible spin (for objects of diameter larger than about 10 km, which is the case for the bodies
we are dealing with), any granular material (e.g., dry sand) can
withstand considerable shear stress depending on the confining

pressure, as a consequence of the interlocking of the granular
particles (Holsapple 2001, 2004, 2007). This shear stress can be
parameterized by the so-called angle of friction (φ). Typical values of the angle of friction in solid bodies are around 30◦ , while
the fluid assumption implies that φ = 0. Ice acts as a viscous fluid
over timescales of years, so an icy body would relax to a fluid
shape as described by Chandrasekhar (1987). In our analysis we
made this simplifying assumption. Nonetheless, we emphasize
that Holsapple showed how a “granular model”, with non-zero φ,
could describe such a body without constraining its shape to be a
Maclaurin or Jacobi ellipsoid. This should be taken into account,
especially in cases where extremely low (e.g., ρ ≤ 0.5 g cm−3 )
or extremely high (e.g., ρ ≥ 2.5 g cm−3 ) densities are derived
within a strenghtless scenario.
The outcome of the above-quoted analysis on the observed
TNOs is presented below.
144897 2004 UX10 : we observed this target during three nights
(December 4−6) for about 12 h. The composite light curve
(Fig. 2) exhibits a double peaked periodicity of 7.58 ± 0.05 h
and an amplitude of 0.14 ± 0.04 mag, which implies an axis ratio a/b ≥ 1.14 ± 0.04. From Eq. (2), the resulting lower limit
(against rotational break-up) to the density is 0.22 g cm−3 , while
the above-quoted Chandrasekhar (1987) table forecasts a density
range of 0.68−0.89 g cm−3 .
145451 2005 RM43 : its double peaked composite light curve
(Fig. 3), of amplitude Δm = 0.12 ± 0.05 mag, was obtained on
the basis of data collected during three diﬀerent nights for a total observing time of about 17 h. We found a synodic rotational
period of P = 9.00 ± 0.06 h, and a lower limit to the axis ratio
of a/b = 1.12 ± 0.05. From Eq. (2), we estimated a lower limit
to the density of 0.15 g cm−3 , while, assuming the object to be a
rotationally stable Jacobi ellipsoid, the density should be in the
interval 0.48−0.63 g cm−3 .
145453 2005 RR43 : from the analysis of the light curve (15 h
of observations during three nights) a double peaked periodicity of 5.08 ± 0.04 h emerged (Fig. 4). The amplitude is 0.12 ±
0.03 mag, which leads to an axis ratio a/b ≥ 1.12 ± 0.03. The
density lower limit from Eq. (2) and the density range from the
above-mentioned Chandrasekhar (1987) table are 0.47 g cm−3
and 1.51−1.98 g cm−3 , respectively.
2003 UZ117 : we observed this object for about 10.5 h during
two nights (December 4, 6). Although the light curve periodicity
seems to be compatible with a rotational period of about 6 h, no
clear solutions were found and diﬀerent values are plausible.
2003 UZ413 : the data we collected in about 14.5 h of observing
time during three nights suggest, for this resonant (2:3) TNO, a
double peaked periodicity of 4.13 ± 0.05 h (Fig. 5). The light
curve amplitude is Δm = 0.13 ± 0.03 mag, which yields an
axis ratio a/b ≥ 1.13 ± 0.03. Making use of Eq. (2), we obtained a lower limit to the density of 0.72 g cm−3 , while from the
Chandrasekhar (1987) table for rotationally stable Jacobi ellipsoids we derived a density in the range 2.29−3.00 g cm−3 . These
results indicate that 2003 UZ413 is a quite peculiar, very rapidly
rotating, TNO, and further studies of this body are required.
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Fig. 1. Single-night light curves of the observed TNOs. The name of the target and the night of observation (with respect to 0 UT) are reported
above each plot.

454

D. Perna et al.: Rotations and densities of trans-Neptunian objects (RN)

Table 1. Derived results.
Object
144897 2004 UX10
145451 2005 RM43
145453 2005 RR43
2003 UZ117
2003 UZ413

Dyn. class.

H

Classical TNO
Detached TNO
Classical TNO
Classical TNO
Resonant TNO

4.7
4.4
4.0
5.3
4.3

Rot. period
(h)
7.58 ± 0.05
9.00 ± 0.06
5.08 ± 0.04
∼6?
4.13 ± 0.05

Fig. 2. Composite light curve of 144897 2004 UX10 , obtained with
a synodic period of P = 7.58 h. The zeropoint is at 0 UT on
December 5th, 2007.

Fig. 3. Composite light curve of 145451 2005 RM43 , obtained with
a synodic period of P = 9.00 h. The zeropoint is at 0 UT on
December 5th, 2007.

4. Discussion
For each observed object, Table 1 reports the dynamical classification (according to Gladman et al. 2008), the absolute magnitude H (reported by the Minor Planet Center), the computed
rotational period, the light curve amplitude, the lower limit to
the axis ratio a/b (from Eq. (1)), the lower limit to the density (from Eq. (2)), and the density range obtained from the
Chandrasekhar (1987) table for rotationally stable Jacobi ellipsoids. In Fig. 6, these latter density values are plotted versus H,
together with literature data (Dotto et al. 2008; Sheppard et al.
2008, and references therein). Only objects with absolute magnitude ≤7 (i.e., radius >
∼100 km assuming moderate albedos) are
taken into account.

Δm
(mag)
0.14 ± 0.04
0.12 ± 0.05
0.12 ± 0.03

a/b
(lower limit)
1.14 ± 0.04
1.12 ± 0.05
1.12 ± 0.03

ρmin
(g cm−3 )
0.22
0.15
0.47

ρJacobi
(g cm−3 )
0.68–0.89
0.48–0.63
1.51–1.98

0.13 ± 0.03

1.13 ± 0.03

0.72

2.29–3.00

Fig. 4. Composite light curve of 145453 2005 RR43 , obtained with
a synodic period of P = 5.08 h. The zeropoint is at 0 UT on
December 5th, 2007.

Fig. 5. Composite light curve of 2003 UZ413 , obtained with a synodic
period of P = 4.13 h. The zeropoint is at 0 UT on December 5th, 2007.

Sheppard et al. (2008) proposed the existence of a dimension/density trend, with larger (brighter) TNOs being denser than
smaller (fainter) ones, suggesting that it could be caused by different porosity and/or rock/ice mass fraction for bodies of different sizes. We investigated this potential relationship on the
basis of our new results. Employing the entire sample (19 objects) shown in Fig. 6, we computed the Pearson correlation
coeﬃcient between densities and absolute magnitudes, deriving a value of r = −0.46. The probability that 19 measurements of two uncorrelated variables would yield |r| ≥ 0.46 is
about 4.8% (see, for example, Taylor 1997), so the trend can
be considered statistically significant. Nevertheless, it is evident
that the sample includes several objects with similar absolute
magnitudes but very diﬀerent estimated densities. This may be
due to dissimilar internal structures of TNOs with comparable
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Fig. 6. Estimated density ranges of TNOs as a function of their absolute
magnitude H. Data from this work (asterisks, last column of Table 1),
Dotto et al. (2008; open squares, including Centaur 95626 2002 GZ32 ),
and Sheppard et al. (2008) and references therein (filled circles).

dimensions, or alternatively to diﬀerences in size among TNOs
of similar absolute magnitude. The small sample of TNO albedo
measurements presently available in the literature does not allow
us to solve the ambiguity between brightness and dimensions,
but the latter case is unlikely since albedos and sizes of TNOs
seem to be correlated, with larger bodies having higher albedos
(Stansberry et al. 2008). The hypothesized dimension/density relationship is also strongly influenced by a single object, 136108
Haumea: disregarding this, the correlation coeﬃcient drops to
−0.29. Improving the TNO density statistics is therefore indispensable to confirm or reject any relationship between density
and size.

5. Conclusions
In the framework of the ESO Large Programme 178.C-0036
(P.I. Barucci), we performed photometric observations of
5 TNOs. None of them were found to exhibit a coma. From the
analysis of the rotational light curves, we computed the spin
rate of 4 targets (a rotational period of about 6 h was found to
be plausible for 2003 UZ117 , but alternative solutions cannot be
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excluded) and, from the derived lower limit to the axis ratio a/b,
we estimated the object density. 2003 UZ413 emerged as quite
peculiar: it is presently the second most rapid rotator among
TNOs, after 136108 Haumea, and further observations would be
extremely useful.
We investigated the density/dimension relationship for
TNOs suggested by Sheppard et al. (2008), by adding our new
results to literature data. Although the trend could be considered
statistically significant, the limited sample and the presence of
objects of similar absolute magnitude with completely diﬀerent
estimated densities prevent us from assessing its validity.
Increasing the available sample of reliable albedo measurements (to reduce the ambiguity between brightness and size)
and, especially, of density estimations, seem to be necessary to
investigate the existence of a relationship between TNO densities and dimensions. As pointed out in Sect. 3, TNO density estimations, although reasonable given the current knowledge and
understanding of the physical nature of these bodies, should be
improved by replacing the fluid assumption with a more complex
picture including internal stresses. We are currently working in
this direction.
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