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Abstract

We  present  the  first-ever  measurements  of  the
surface colours and rotational properties of a recently
discovered distant object 2016 ND21 on an unusual
orbit.  Although this object  has  a  cometary orbit,  it
does not reveal any signs of cometary activity during
our  observations.  The  behaviour  of  the  lightcurve
suggests a complex and possibly non-convex shape
of  2016 ND21.  The  measured  colours  indicate  an
extremely  red  surface  of  this  object,  that  are
consistent with colours of the ultrared Centaurs and
Trans-Neptunian objects (TNOs). 

1. Introduction

Minor  planet  2016  ND21  has  an  unusual  high-
eccentric (e = 0.55) and highly inclined (i = 21.83°)
orbit with a major semi-axis a = 8.45 AU. According
to  the  classification  by  [4]  this  object  with  a
perihelion  q = 3.76 AU, an aphelion  Q = 12.70 AU,
and  a  Tisserand  parameter  TJ = 2.584  should  be
classified as a cometary body. However, no cometary
activity  was  discovered  for  this  object  so  far.  The
objects  at  such  unusual  orbits  are  believed  to  be
captured by Jupiter and can originate from both the
inner  or  the  outer  part  of  our  Solar  system.  Thus,
studying the physical properties of these objects can
shed  some  light  on  their  origin.  Here  we  report
results  of  the  first  photometric  measurements  of
2016 ND21.

2. Observations and data reduction

In 2017 minor planet  2016 ND21 was close to  its
perihelion,  which  allowed  us  to  observe  it  with  a
2.0m  telescope  at  the  Peak  Terskol  observatory.
Observations  were  performed  in  BVR filters  of  the
standard Johnson-Cousins photometric system during

six nights in October and December 2017 [6]. Data
reduction  was  made  in  the  standard  way  which
included bias and dark-field subtraction from the raw
data and flat-field correction.

3. Results and discussion

We did not detect a broadening of the object’s PSF
that could be an indication of a cometary activity on
2016 ND21. The search for a rotational period was
made using the Fourier analysis technique [5].  The
rotation period is found to be  P = 17.53 ± 0.02 h or
P = 17.65±0.02 hr,  the  former  value  being  more
preferable.  The  lightcurve  (Figure 1)  has  a  rather
unusual behavior with a broad minimum and a sharp
maximum, which suggest that 2016 ND21 have not a
simple  ellipsoidal  shape,  but  rather  a  complex,
possibly non-convex, one.
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Figure 1: Composite lightcurve of 2016 ND21 with
rotational period 17.53 hr.

The  measured  optical  colours  of  2016  ND21  V-
R = 0.69 ± 0.04 mag,  B-R = 1.79±0.08 mag,  and  B-
V = 1.10±0.08 mag reveal an ultrared surface of this
object. Such a red surface colours are unusual for the
comet nuclei, that tend to have bluer colours with the
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average  V-R = 0.49 ± 0.12 mag  [9].  We  also
compared  the  measured  colours  with  that  of  other
types of small Solar system objects. We found that
the B-R colour is higher than a typical colour of the
red D-type asteroids [3], but is well within the colour
range of  red Centaurs  and TNOs classified as RR-
type in TNOs’ classification [1]. Figure 2 shows the
mean  D-type  spectrum  acquired  using  N = 9
asteroids [3] and the mean  RR-type spectrum based
on N = 11 objects [8] in comparison with our data. A
similarity of spectral slope of 2016 ND21 to ultrared
Centaurs  and  TNOs  gives  a  first  evidence  of  a
possible outer belt origin of this object. 
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Figure 2: Comparison of our data with mean RR-type
[8] and D-type [3] spectra.

The surfaces of very red distant small Solar system
objects  are  thought  to  indicate  the  presence  of
irradiated  organic  materials,  although  the  specific
molecular  form  of  this  material  is  still  unknown.
According to [7] the absence of urtrared surfaces for
cometary objects may be due to resurfacing caused
by  comet  activity.  In  this  regard  the  absence  of
cometary activity for 2016 ND21 agrees with its very
red surface. Another reason for the absence of very
red  surfaces  according  to  [7]  may  be  due  to
thermochemical  instability  of  ultrared  material  at
high  temperatures.  As  2016 ND21  was  observed
when  it  was  close  to  the  Sun,  we  can  make  un
assumption that the later cause could be less likely. 
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