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The final product of this project is an observational routine which
can be used by students and faculty to photograph and detect Kuiper
Belt objects. Future research by undergraduates in this area will have
a strong foundation for which to refine the observational process. For
this project, a student could automate the observational routine by
using computer programming to control the telescopes. Another
continuation of the work will be to improve the quality of data to
meet NASA’s catalog standards so that students can attempt to publish
any objects they find.
Currently, our work is focused on orbital analysis of the Minor Planet
Center’s small object catalog using Fortran and Python programming.
This will allow us to construct all-sky plots of these objects, which will
be useful when selecting an area of the sky to image.

Other important work being done in this area is by Dr. Michael
Brown’s research team at Caltech. In particular, one of his papers uses
the orbital elements of six of the most distant Kuiper Belt objects to
propose the existence of a ninth planet which is more distant than
Pluto. This research uses numerical analysis and statistical analysis of
the orbital elements to indicate that a large object is in the outer solar
system. We are currently researching this process, and we will be
attempting a similar process after analyzing the Minor Planet Center
catalog.

Kuiper Belt Objects can be detected, photographed, and cataloged with proper observational technique, even
though they are extremely dim and approximately three billion miles from the Sun. With telescopes and imaging
equipment from the department of Physics and Astronomy at Oneonta State University, as well as the principles of
astrophotography and the physical properties of the Kuiper belt, an observer can determine and implement an
appropriate method of detection for these objects. This includes, but is not limited to, required exposure times,
probable location in the night sky, probability of detection based on distance from Earth, and the spatial distribution
with respect to the ecliptic plane. Observation of these objects can result in the classification to one of the four
major groups of Kuiper Belt Objects (KBO), and from this approximate age, mass, period, and speed can be
determined. This project is designed to locate objects brighter than magnitude 25, while some professional surveys
reach magnitude 30. We are searching an area of the sky ten degrees from the ecliptic plane, which helps to avoid
regions previously observed. By avoiding the footprint of other surveys, the likelihood of detecting an undiscovered
object increases dramatically. Using SUNY Oneonta's observatory, these objects will be studied in further detail and
give insight to the structure and evolution of the solar system.

Right: The spatial distribution of Kuiper Belt objects. In
the 3D plot, it is clear that the objects are confined mostly
to the ecliptic plane of the solar system. The 2D plot is a
top-down view of the solar system taken using the
planetarium at SUNY Oneonta. The orbits of Neptune and
Pluto outlined for reference since they are approximately
30 AU and 40 AU from the Sun. Also included is the
orbital trace of the object 1996 TL66. This object has an
orbital period of about 700 years, so completing the four
orbits in this picture would take 2800 years. The spiral
pattern of the trace is due to instability and elliptic nature
of the orbit.
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Methods
The detection of Kuiper Belt objects requires the use of long exposure photography. The length of the exposure

required is related to the size of the telescope, the physical dimensions of the camera, and brightness of the object.
Using the formula for the brightness of an object in an image, , and a known exposure time for any object,
the exposure time can be calculated. Using the Celestron 14” telescope at College Camp, the exposure time is
approximately 21.9 minutes. This can be shortened by using a larger telescope or a better camera. In addition to
shortening the exposure, this setup has a field of view which is much larger, and is therefore the most efficient. As
part of the long term goals of the project, the necessary exposure time and field of view has been calculated for any
combination of camera and telescope which can be used at the observatory.

By assuming that the radial distribution of the disk is uniform, the equation gives the total
number of objects within a certain brightness range. Research on the number density of these objects indicates that
there is one KBO at magnitude 23.3 per square degree on the sky around the ecliptic plane. Estimates by Petit et al.
indicate that α is between 0.6 and 0.9 for KBO. This simplifies the equation above to ,
using a diameter power law index of 0.76. For a limiting magnitude of 25, there will be 19 objects in a one degree
square field of view.

The relative brightness of an object in an image is based on the number of photons which reach the CCD of the
camera. For a magnitude 25 KBO, the brightness can be expressed as where . For the 21.9
minute exposure, this corresponds to 17 photons from the object. This requires a method of post processing learned
in ASTR 360, which involves several styles of calibration photos to clarify the images. Multiple exposures taken over a
period of several months are required to determine the orbit. Detection, however, only takes a few days.

Repeated observations of the same object candidate are the only way to increase the accuracy of the measured
parameters, and in four months with the equipment at SUNY Oneonta, it is possible to have data for a confirmed
object which would surpass the quality requirements for submission to the Minor Planet Center Database and NASA’s
JPL small body database. A single student with a remotely controlled telescope could even totally automate the
process so that it is not necessary to stay at the observatory until the early hours. T his is an important part of this
project, because for a student to publish data as undergraduate would set them apart from many of their peers in
internship and graduate school applications.

Magnitudes of Kuiper Belt objects are very low due to their extreme distance from the sun. If the physical size of
the object and the current distance from the sun are known, it is possible to determine what the lowest magnitude of
each class of KBO should be. Millis et al. reports that the relationship between magnitude, radius, and heliocentric
distance can be described by , which means that if the magnitude and distance are
observationally determined, an approximate radius can be found.

Using this information, it is possible to categorize KBO which are detected in images according to their orbital
parameters. Since the Kuiper Belt ranges from 30 to over 100 AU, the majority of its contents are still undiscovered.
This means that these objects will need to be studied for many more decades before we completely understand the
origin and evolution of the Kuiper Belt.

A Kuiper belt object (KBO), or a Trans-Neptunian object (TNO), is a minor
object within the solar system with a semi-major axis of 30 to 55 astronomical
units (AU). TNOs are found in four distinct categories including the Classical,
Resonant, Scattered, and Detached objects. These are distinguished by the
shape of the orbit and position in the solar system.

A primary objective of this research project was to determine and locate
potential KBOs brighter than magnitude 25 using the SUNY Oneonta’s
observatory at College Camp, which would give insight to the evolution, as well
as the overall shape, of the of the solar system.

In order to determine the brightness of a KBO in a photo, a magnitude
equation from researchers Petit et al. was used. The magnitude itself is a
logarithmic measure of the brightness of a star or other object in the sky, which
can range from negative to positive values. The scaling is logarithmic because of
the light from stars and galaxies is much brighter than objects orbiting the sun.
For example, an object of magnitude 5 is 100 times brighter than an object of
magnitude 10. Since the KBOs within this project may range to a magnitude of
+25, a 25th magnitude KBO is roughly 108 times dimmer than the Sun. Since
these objects are extremely dim they require precise observational techniques
and analysis, as well as image processing.
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The eccentricity and inclination distributions of the
Kuiper Belt out to 120 AU from the Minor Planet
Center. The four categories of KBO are represented
in the groupings of the eccentricities. The vertical
lines represent the 3:2 resonance at 39.4 AU and 2:1
at 47.8 AU. The curved lines represent perihelion
distances of 30 and 35 AU which have high
eccentricities, which are the classical KBO. In the
inclination plot, the objects which are further than 50
AU and have a wide range of eccentricities
represents the detached class of objects. Inclination
distribution is modeled as: where
β is any ecliptic latitude.
This is a probability because the Kuiper Belt is not
uniform, and it is impossible to know the positions
before

Object Parameters:
The ranges of the defining properties of an objects orbit
are listed above. Here e is the eccentricity of the orbit,
and i is the inclination. The most important of these is the
distance from the sun, since that determines the
brightness.

N/S of Ecliptic Name Mag

N 46 Peg HIP 112447 4.2

N 34 And Hip 3693 4.05

S HIP 98761 4.75

S 10 Tau HIP 16852 4.25

S Azha HIP 3.45

N 38 And HIP 4463 4.4

N 84 Peg HIP 118131 4.6

N HIP 118131 3.9

N 65 Aql HIP 99473 3.2

N 42 Aql HIP 96556 5.45

N 51 Peg HIP 113357 5.45

N HIP 117186 7.1

N HIP 111941 8.55

N HIP 112852 8.6

N HIP 326 8.75

S HIP 2275 8.95

S HIP 5102 8.75

S HIP 7028 8.85

Right: Proposed search fields for the
Northern Hemisphere in 2016. The objects
chosen are stars with well defined
magnitudes. The inclination of each is
approximately ten degrees. With these in
the images, the brightness can be
normalized between cameras and
telescopes.

Left: The radial distribution of the Kuiper Belt as viewed
from above the solar system. The markers identify
samples from different years within the same survey.
Pictured here are Classical and Resonant objects.

Category AU Radius (km) e i

Classical 40-47 84-105 ~0.0 10, 20

Resonant 39.3, 47.6 74-109 ~0.0 0.0-40

Scattered 30-38 43-70 0.0-0.8 0.0-30

Detached >40 97-235 0.0-1.0 0.0-90

Right: The density of objects on
the sky as a function of
brightness. Both scales are
logarithmic, and the trend
indicates that there are more dim
objects than bright. This is
expected because large, bright
KBO have been broken up in
collisions over time, so the
smaller, less bright objects are
more common. The power law fit
described in the method section
is used to generate this image.
This information is used to
estimate the number of objects in
an image frame, since the limiting
magnitude of the image can be
determined photometrically.
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