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Introduction: The distributions of orbital elements
and the physical characteristics of the minor planets be-
tween Mars and Jupiter retain important clues about the
formation and evolution of the Solar System.

As of July 2019, more than seven hundred thousand
minor planets have been discovered, offering a statisti-
cally large sample to permit deep analyses for dynam-
ical structures and their correlations with their physical
properties. However the discovered sample is subject
to observational biases that must be understood for the
proper interpretation of their demographics. Because
these minor bodies are detected by their reflected sun-
light, the observed sample suffers from the selection ef-
fect that brighter objects are more easily detectable than
fainter objects. This bias manifests as an artificial peak in
the distribution of the absolute magnitude H , even when
the intrinsic population of fainter/smaller objects grows
rapidly with H . In attempting such analyses, it is often
important to identify an observationally complete sam-
ple. Previous studies have adopted a single value of the
observational completeness limit, Hlim, for the entire as-
teroid belt. For example, [1] and [2] adopt an Hlim = 15,
and [3] and [4] adopt Hlim = 15.5. However, in order to
better assess the demographics of the asteroids at higher
resolution in semi-major axis, a, we have found a need to
model the completion limit as a function of semi-major
axis, Hlim(a), and to make sure that its value is contem-
porary with our sample population since Hlim evolves
with time as observational surveys go deeper with tech-
nological advances.

In the previous literature, the absolute magnitude, H ,
at which a sample becomes observationally incomplete,
Hlim, has typically been determined using one of two
methods. The first, and not uncommon method is for
a single value to be given without explicit justification,
or to be sourced from an older work. The second ap-
proach makes the reasonable assumption that the intrin-
sic population is expected to increase as a power-law as
one considers objects of smaller and smaller diameters
(hereafter referred to as the power-law method). Then,
the H value at which a decline in the population of ob-
served objects is seen (i.e. a break in the power law) is
taken to be the completion limit. Use of the power-law
method requires several assumptions. First, it must be
assumed that the asteroids follow a single power law size
distribution. Second, a range of H must be chosen with
which to apply a linear regression. Third, the magnitude

at which the deviation from linear is extreme enough to
define Hlim must be defined. The latter two require sub-
jective decision-making.

We have developed a method to measure Hlim(a)
from observations, and describe it with a simple physi-
cally motivated model. We think that using our approach
will provide researchers with completion limit models
for the main belt asteroids and Jupiter Trojans that can
be used to more accurately and consistently simulate ob-
servations, debias observations for statistical analyses,
and model/synthesize minor-planet populations. This ap-
proach will lead to more reproducible and comparable
results, and allow for the completion limit to be updated
consistently over time as more minor bodies are discov-
ered.

Methodology: Using the records for ∼ 7 × 105 ob-
jects from the Minor Planet Database, we measure the
empirical Hlim at each radial location by binning objects
in both a and H and then identifying the H bin with the
greatest number of objects to be the value of Hlim at that
radial distance. This method is a generalization of the
power-law method. However, our method requires fewer
assumptions and fewer subjective decisions to be made
in its application, making results more transportable and
comparable between studies that implement it.

To these measured values, we then fit a simple, phys-
ically motivated model of Hlim as a function of semi-
major axis:

Hlim = −5 log10(a(a− 1)) + C (1)

where a is semi-major axis and C is the only free param-
eter in the model. The model fitting is done with the use
of Monte Carlo Markov Chains (MCMC) which deter-
mines Hlim and C as well as the associated confidence
intervals. Details will be presented in a forthcoming pa-
per.

Results: We report our preliminary results in Fig-
ure 1 and in Table 1. Across the main belt, our model
finds a completion limit of Hlim = 18.3 at the inner-
most edge, and Hlim = 15.9 at the outermost edge. The
lowest value found is larger than the completion limit
values adopted in recent studies, confirming that those
studies adopted somewhat conservative completion lim-
its. We also find deviations between our best-fit model
for the main belt and Hlim(a) values for populated re-
gions outside the main belt (the Hungarias, Hildas and
Trojans), suggesting potential demographic differences,
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Figure 1: The H bin with the largest population of as-
teroids at each semi-major axis bin is shown as the black
points; the associated uncertainties are indicated with the
vertical black lines. The best-fit non-linear model for the
limiting magnitude (Eq. 1) is shown as the dark-blue
line with the corresponding confidence interval shown in
light blue. The dashed vertical lines in red indicate the lo-
cations of selected mean motion resonances with Jupiter.

Table 1: Model fitting results
Region inner outer Hlim

(au) (au) (mag)
Hungarias 1.780 2.000 18.26
Main Belt 2.120 3.250 16.95
Inner Belt 2.120 2.500 17.62
Middle Belt 2.500 2.960 17
Outer Belt 2.960 3.250 16.23
Hildas 3.920 4.004 15.72
Trojans 5.105 5.319 13.86

such as changes in albedo, size and/or eccentricity distri-
butions.

The range of 2.4 magnitudes across the main asteroid
belt suggests that a single value of Hlim will not provide
the most accurate statistical confidence when debiasing,
modeling, or simulating observations of the entire main
belt as the inner asteroid belt is significantly more com-
plete than the outer belt.

The observational completion limit of minor planets
is a function of semi-major axis, and will increase over
time as surveys get deeper and wider. It is our recom-
mendation that future studies consider our parameterized
model for identifying observationally complete samples
of asteroids. Our code, which can recalculate the com-
pletion limit for any set of objects using the MPCORB
database will be available soon at http://github.
com/equant/completion_limit/.
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