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ABSTRACT

We present a database of the absolute magnitudes of asteroids named the Kharkiv Asteroid Absolute Magnitude Database (KhAAMD).
The database includes a homogeneous set of the absolute magnitudes for about 400 asteroids in the new HG1G2 magnitude system.
We performed a comparative analysis of the asteroid absolute magnitudes between the Kharkiv database and other main magnitude
databases (MPC, Pan-STARRS, ATLAS, PTF, and Gaia). We show that the Pan-STARRS absolute magnitude dataset has no systematic
deviations and is the most suitable for the determination of diameters and albedos of asteroids. For the MPC dataset, there is a linear
trend of overestimating the absolute magnitudes of bright objects and underestimating the magnitudes of faint asteroids. The ATLAS
dataset has both a systematic overestimation of asteroid magnitudes and a linear trend. We propose equations that can be used to correct
for systematic errors in the MPC and the ATLAS magnitude datasets. There are possible systematic deviations of about 0.1 mag for
the Gaia and PTF databases but there are insufficient data overlapping with our data for a definitive analysis.
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1. Introduction

The main asteroid belt is a product of complex dynamic evo-
lution, and its structure and the distribution of taxonomic types
allow one to constrain or test models of the early history of the
Solar System (Klahr et al. 2022; Raymond & Nesvorný 2022)
and planetary migration scenarios (Walsh et al. 2011). Together
with the size, the albedo refers to the main physical proper-
ties of asteroids. In addition to its independent significance, the
albedo is also necessary for a robust taxonomic classification of
asteroids. A mass method for determining the albedo of aster-
oids based on the radiometric measurements of their thermal
fluxes was proposed at the beginning of the 1970s (Allen 1970;
Matson 1971). Thermal IR (infrared) fluxes are used to derive
effective spherical diameters of asteroids and, in combination
with reflected visual fluxes, to derive albedos. Since real aster-
oids have more complicated shapes, their reflected visual fluxes
can change due to rotation. Ideally, both the integral thermally
emitted infrared and the integral reflected visual fluxes should be
measured simultaneously. But in most cases the thermal observa-
tions are carried out separately (Mainzer et al. 2015) and integral
reflected visual flux is calculated from the asteroid’s absolute
visual magnitude H.

The absolute magnitude is one of the main characteristics of
asteroids obtained from photometric observations. It is defined
⋆ The catalogue is only available at the CDS via anonymous ftp

to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.
u-strasbg.fr/viz-bin/cat/J/A+A/666/A190

as a magnitude reduced to unit distances from the Sun and the
observer of a spherical body, observed at zero solar phase angle,
that has the same brightness as the rotationally averaged bright-
ness of a given asteroid, observed in the same geometry. In most
cases, the absolute magnitude H is given as a brightness in the
Johnson V band. The accuracy of absolute magnitudes is deter-
mined not only by the accuracy of photometry but also by the
choice of the function, which fits and extrapolates the measured
magnitudes down to zero phase angle. Accurate determination of
H is crucial for size and albedo estimations of remotely observed
objects. If sizes are usually determined up to 10%, but albe-
dos have much larger uncertainties in determination (Harris &
Harris 1997). In addition, Masiero et al. (2021) urged caution
when attempting to derive the physical properties of asteroids
only from albedos.

At present, the main database of asteroid absolute mag-
nitudes is the database compiled by the Minor Planet Center
(MPC). The MPC receives asteroid magnitudes from many
observatories and observation stations measured in different
spectral bands of different photometric systems. It calculates
absolute magnitudes for the V band of the Johnson photomet-
ric system using the HG-function (Bowell et al. 1989) with
a constant value of G parameter (0.15) for the majority of
asteroids. Therefore, the MPC magnitudes can have various sys-
tematic and random errors. A comparison of the MPC absolute
magnitudes (HMPC) with the dataset of high-quality absolute
magnitudes obtained by Pravec et al. (2012) has revealed sys-
tematic differences between these datasets. To account for these
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systematic differences, several attempts were made to revise
albedos from the WISE (Pravec et al. 2012) and AKARI
databases (Alí-Lagoa et al. 2018). The new HG1G2 function was
proposed by Muinonen et al. (2010) to be used for more precise
estimates of asteroid absolute magnitudes. This function was cal-
ibrated according to high-quality magnitude-phase curves, and
the average parameters for the main taxonomic classes of aster-
oids were obtained (Penttilä et al. 2016; Shevchenko et al. 2016;
Oszkiewicz et al. 2021). Using the average parameter values,
it was made possible to calculate the absolute magnitudes of
asteroids from only a few individual observations obtained at
different phase angles. For sparse photometric data, using the
two-parameter HG∗12 version of the system (Muinonen et al.
2010; Oszkiewicz et al. 2011; Penttilä et al. 2016) was suggested.

Recently, thanks to large-scale survey programmes, such as
Pan-STARRS, Palomar Transient Factory (PTF) and ATLAS
(Vereš et al. 2015; Waszczak et al. 2015; Mahlke et al. 2021)
new datasets of asteroid absolute magnitudes have been derived.
In addition, the data on the absolute magnitudes of asteroids
were obtained from observations of the Gaia satellite (Colazo
et al. 2021; Martikainen et al. 2021; Wilawer et al. 2022), which
need to be reduced to the standard V band. In addition, the
data from some photometric surveys were reworked to obtain a
set of asteroid absolute magnitudes (e.g. Alvarez-Candal et al.
2022). The abovementioned datasets are homogeneous, but they
were typically obtained in different photometric systems and
then transformed to the Johnson system. Comparison of the
absolute magnitudes from these datasets with the MPC data
showed some systematic deviations (Vereš et al. 2015; Waszczak
et al. 2015). It should be noted that the absolute magnitudes of
asteroids from the Pan-STARRS and PTF surveys (Vereš et al.
2015; Waszczak et al. 2015) were obtained using the new HG∗12
system. To check the reliability of these and other datasets and
to identify systematic deviations, an independent high-quality
dataset on asteroid absolute magnitudes is required. Here we
present the homogeneous high-quality dataset on the absolute
magnitudes of asteroids called the Kharkiv Asteroid Absolute
Magnitude Database (KhAAMD) and compare the data with
other available databases.

2. Kharkiv asteroid absolute magnitude database

For our dataset of absolute magnitudes, we used data col-
lected at the Institute of Astronomy of V. N. Karazin Kharkiv
National University within the long-term observational pro-
gramme to study asteroid magnitude-phase curves (Shevchenko
et al. 2010, 2012, 2014a, 2016; Slyusarev et al. 2012). We also
used some observational data obtained within several other pro-
grammes (Belskaya et al. 2010; Chiorny et al. 2007, 2011;
Dotto et al. 2009; Hahn et al. 1989; Kaasalainen et al. 2004;
Lagerkvist et al. 1998; Michalowski et al. 1995; Mohamed
et al. 1994, 1995; Oszkiewicz et al. 2021; Shevchenko et al.
1992, 2003, 2009, 2014b, 2021; Velichko et al. 1995; Wilawer
et al. 2022). All magnitudes were measured in the John-
son V band and extrapolated to zero phase angle using the
HG1G2 system proposed by Muinonen et al. (2010), with some
modifications presented by Penttilä et al. (2016). For com-
putations, the online calculator1 for the HG1G2 photometric
system was used. Since we derived absolute magnitudes in
our data from the light curve maxima, and the definition of
H is based on the rotationally averaged brightness, we added

1 Online calculator for the HG1G2 photometric system is available at
http://h152.it.helsinki.fi/HG1G2/
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Fig. 1. Correlations of absolute magnitudes from datasets of HMPC, HPS,
and HATLAS with HKH.

Table 1. Coefficients of linear fits of different magnitude sets with the
Kharkiv dataset.

I N aI bI R RMS

HMPC 351 0.46 ± 0.06 0.956 ± 0.005 0.996 0.055
HPS 233 0.08 ± 0.10 0.995 ± 0.008 0.992 0.087
HATLAS 196 0.09 ± 0.10 0.999 ± 0.009 0.992 0.089

Notes. The coefficients aI and bI of the linear fit a+bHK, the corre-
lation coefficient R, and root mean square error RMS for the MPC,
Pan-STARRS, and ATLAS datasets with the Kharkiv dataset. N is the
number of asteroids common in each of the listed datasets.

a half of the light curve amplitude corrected to zero phase
angle to our results. We used the average correction coeffi-
cients from Zappala et al. (1990) for low- and moderate-albedo
asteroids. This correction is typically very small because our
light curve observations covered small phase angles. Abso-
lute magnitudes obtained at different aspects were averaged. In
such a manner, we obtained a homogeneous dataset of abso-
lute magnitudes of about 400 asteroids up to H = 16.5 mag.
Our database includes the absolute magnitude data, the G1 and
G2 parameters, and the albedo and diameter values from dif-
ferent databases (such as Tedesco et al. 2002; Masiero et al.
2011, 2012; Nugent et al. 2015; Usui et al. 2011). The database
is available at the CDS. Figure 1 shows the correlations of the
absolute magnitudes from the largest datasets (MPC (HMPC),
Pan-STARRS (HPS), and ATLAS (HATLAS)) with those of
the Kharkiv dataset (HKH). For the ATLAS dataset, we used the
absolute magnitudes in a cyan filter, since this filter overlaps the
Johnson V band (Mahlke et al. 2021).

The linear fit coefficients between our magnitude estimates
and values from other databases are presented in Table 1. As one
can see, there is a strong linear correlation between our values
and the other three largest datasets. There are small differences
in the constant terms and slopes that point out some systematic
deviations. In the next section, we discuss the available datasets
of asteroid absolute magnitudes in more detail.

3. Discussion

3.1. MPC dataset

A histogram of the deviations of the MPC dataset from the
Kharkiv dataset is presented in Fig. 2 (the solid line is a fit to
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Fig. 2. Histogram of differences between HKH and HMPC. The solid line
shows the normal distribution curve fitted to data.
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Fig. 3. Differences between HKH and HMPC. Red dots present values
from the moving-average filter.

Table 2. Coefficients of linear fits of magnitude deviations.

I cI dI

HMPC −0.432 ± 0.023 0.042 ± 0.002
HPS 0.042 ± 0.044 −0.005 ± 0.004
HATLAS 0.034 ± 0.039 −0.011 ± 0.004

Notes. The coefficients of the linear fit are for the magnitude deviations
of the MPC, Pan-STARRS, and ATLAS data-sets from the Kharkiv
dataset.

the data using a normal distribution curve). The histogram does
not show noticeable systematical deviations and about 88% of
the deviations lie in the range from −0.35 to +0.35 mag.

In Fig. 3, the dependence of the magnitude deviations
between the Kharkiv and MPC datasets versus the absolute mag-
nitudes of the Kharkiv dataset is shown. There is a systematic
overestimation of the absolute magnitudes for the bright objects
and an underestimation for the faint ones with a linear trend. The
linear trend is more evident after applying a moving-average fil-
ter to the data (the red dots in Fig. 3). We used five points in
our moving average filter. The coefficients of linear regression
are presented in Table 2. The trend can be explained by the low-
quality of some magnitudes, especially for the faint objects, as
well as by incorrect transformation of instrumental magnitudes
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Fig. 4. Histogram of differences between HKH and HPS. The solid line
shows the normal distribution curve.
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Fig. 5. Differences between HKH and HPS.

to the standard Johnson system. Pravec et al. (2012) pointed out
such deviations.

The obtained equation can be useful for transforming the
MPC magnitude datasets. However, we note that the accuracy of
the MPC data has improved compared to the previous analysis.
According to Pravec et al. (2012), a mean deviation was about
0.5 mag for objects of 14 mag, whereas for our dataset, the mean
deviation is about 0.3 mag for asteroids of the same magnitude.
With the corrections presented in our work, the accuracy of the
absolute magnitude of the MPC dataset can be further improved
especially for faint objects.

3.2. Pan-STARRS dataset

The best agreement with our dataset was found in the Pan-
STARRS dataset (Vereš et al. 2015). This is confirmed by the
histogram of absolute magnitude deviations presented in Fig. 4.
The histogram does not show any systematical deviations –
although the deviations are of the same order as for the MPC
dataset, and about 86% of the deviations lie in the range from
−0.35 to +0.35 mag.

There is a small linear trend after applying a moving-average
filter to the PS data (Fig. 5). The coefficients of the linear regres-
sion are presented in Table 2. The deviations are small and
comparable with the observational errors, but for faint asteroids
(23–24 mag) they should be taken into account in the future. All
this points out a high-quality reduction of the instrumental mag-
nitudes to the V magnitudes of the Johnson photometric system
in the Pan-STARRS dataset for magnitudes less than 23.
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Fig. 6. Histogram of differences between HKH and HATLAS. Again, solid
line is normal distribution curve.
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Fig. 7. Differences between HKH and HATLAS (red dots are from the
moving-average filter).

3.3. ATLAS dataset

The database of the ATLAS absolute magnitudes is presented
in two filters: cyan and orange (Mahlke et al. 2021). For an
analysis of this database, we used the absolute magnitudes in
a cyan filter, since this broadband filter is centred close to a cen-
tre of the Johnson V band and overlaps it. A histogram of the
deviations of the ATLAS dataset from the Kharkiv dataset is pre-
sented in Fig. 6. The histogram shows systematic deviations of
about −0.1 mag. Overall deviations range between about −0.7 to
+0.45 mag. Despite the systematic deviations, about 85% of the
deviations lie in range from −0.35 to +0.35 mag.

In Fig. 7, we show the dependence of the magnitude devi-
ations between the Kharkiv and ATLAS datasets as a function
of the Kharkiv dataset magnitude. As seen from the figure, there
are both a systematic underestimation of the asteroid magnitudes
and a linear trend (as in the case for the MPC magnitudes). The
trend is more visible after data averaging using a moving-average
filter (the red dots in Fig. 7). The coefficients of the linear regres-
sion are presented in Table 2. When using this dataset in the
V band in future, it is necessary to carry out a correction of the
magnitudes with the obtained regression equation.

3.4. PTF and Gaia datasets

We also considered the PTF magnitude dataset (Waszczak et al.
2015), but there is a lack of overlapping data (the overlap is only
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Fig. 8. Differences between HKH and HGAIA.

about twenty objects) for a detailed statistical analysis. With the
data available, we found a possible existence of a systematic
deviation of about 0.1 mag in comparison to our data.

Colazo et al. (2021) combined the averaged photomet-
ric measurements of asteroids obtained in Gaia DR2 (Gaia
Collaboration 2018) with ground-based relative photometry in
the V band from the photometric catalogue of light curves
(Lagerkvist et al. 1995). In total, the authors obtained abso-
lute magnitudes for 9817 asteroids. Comparing this dataset with
our dataset, we found only about 40 asteroids included in both
datasets. Figure 8 shows the relationship between the deviations
of the absolute magnitudes between these two datasets relative
to the absolute magnitudes of the Kharkiv dataset (dark squares).
For comparison, we plot also the deviations for the PanSTARRS
dataset (Vereš et al. 2015), currently the best-quality dataset of
the absolute magnitudes of asteroids (open circles). As one can
see from the figure, we have slightly larger variations for the
Gaia data compared to the PanSTARRS data. In addition, some
systematic deviations among the Gaia data (not more than 0.1
mag) can exist, but the sample is too small and does not cover
faint asteroids. We plan to expand our dataset and to include as
many objects as possible from the Gaia database.

4. Conclusions

We present a dataset of the absolute magnitudes of asteroids
obtained at the Institute of Astronomy of V. N. Karazin Kharkiv
National University that is a part of general database named the
Kharkiv Asteroid Absolute Magnitude Database (KhAAMD).
Currently, the dataset includes a homogeneous set of the absolute
magnitudes for about 400 asteroids but the number of objects is
constantly increasing. The absolute magnitudes were obtained
using the new HG1G2 system of magnitudes and considering
light curve variations. The range of magnitudes lie from 3.5 to
16.5 mag. We made a comparative analysis of the asteroid abso-
lute magnitudes of our dataset with other magnitude databases
(MPC, Pan-STARRS, ATLAS, PTF, and Gaia). All databases
show rather good agreement but for some of them there are
systematic differences. We demonstrated that the absolute mag-
nitude dataset obtained from the Pan-STARRS survey is the
closest one to the Kharkiv dataset, has no systematic deviations,
and has a very small trend for faint objects. The absolute mag-
nitudes from the Pan-STARRS database are the most suitable
ones for determining diameters or geometric albedos of asteroids
based on the absolute magnitudes.
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The MPC dataset has a linear trend of overestimating mag-
nitudes of bright objects and underestimating those of faint
ones. We proposed an equation for correcting the MPC mag-
nitude dataset that can improve the usage of the MPC absolute
magnitudes.

For the ATLAS cyan dataset, there are both a systematic
overestimation of asteroid magnitudes and a linear trend. It
is necessary to do a correction with the obtained equation to
correctly use this dataset for the V band in the future.

For the other datasets, the overlap with our dataset is insuf-
ficient for a detailed statistical analysis. We only note a possible
existence of a systematic deviation of about 0.1 mag of the Gaia
and PTF datasets from our data.
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