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ROTATIONAL PERIOD DETERMINATION FOR amplitude A = 0.31 = 0.03 mag (Figure 1). The split-halves plot
ASTEROIDS 5237 YOSHIKAWA (Figure 2) doesn’t let us solve the potential ambiguity between
monomodal and bimodal solution by showing that the two halves
Massimiliano Mannucci, Nico Montigiani of the 3.4693 h solution are almost superimposable. On the other
Associazione Astrofili Fiorentini hand, the monomodal solution would involve a rotation period of
Osservatorio Astronomico Margherita Hack (A57) 1.7347 hours, thus suggesting that this asteroid may belong to the
Florence, ITALY fast rotator class. Further observations are desirable to better resolve
info@astroﬁliﬁorentini.it the remaining doubits.
(Received: 2022 July 3) Moreover, we consulted the asteroid lightcurve database (LCDB,
) ) ) ) 2022; Warner et al., 2009) and we found one previous calculated
CCD photgmetrlc observat.lons 'Of main-belt astero.ld period: P = 3.47 +/- 0.0004 h (Waszczak, 2015). The period we
5237 Yoshikawa were obtained in order to measure its found seems to be in good agreement with the previous mentioned
rotation period. These measures were performed during period.
two different nights on 2022/04/05 and 2022/04/10, using
the instrumentation available at the Osservatorio Phased Plot: 5237 Yoshikawa
Astronomico Margherita Hack located on the hills near — T T T T T T T T
Florence (Italy). 15.45|- i
15.50 - B
CCD photometric observations of one main-belt asteroid were
carried out in 2022 April at the Osservatorio Astronomico 18201 i
Margherita Hack (A57). We used a 0.35-m /8,25 Smith-Cassegrain asiil- |
telescope, a SBIG ST10 XME CCD camera, and clear filter. The =
pixel scale was 1 arcsec when binned at 2x2 pixels and the 515,65, |
exposures were 300 sec long. Data processing and analysis were -
done with MPO Canopus (Warner, 2019). All the images were maxdy 1
calibrated with dark and flat field frames using Astroart 6.0 E
(Warner, 2006). Table I shows the observing circumstances and & i
results. 15.801 i
7? B - Year: 2022
5237 Yoshikawa was discovered on 1990 Oct 26 by Urata, T. at 15.85) mast ouml
Oohira and it was chosen from the asteroid light curve database I
(LCDB; Warner et al., 2009). It is a main-belt asteroid with a semi- 0100 070} 10207 10507 [0740) #0i507 J0i60E 10170 0:801 501007 00
major axis of 2.240 AU, eccentricity 0.096, inclination 5.138 deg, Period: 3.46930 +0.00022 h Amp: 0.31  JDo(LTC): 2459680.453095
and an orbital period of 3.35 years. Its absolute magnitude is Figure 1. Phased lightcurve of 5237 Yoshikawa.
H = 13.52 (JPL, 2022; MPC, 2022). Our observations were
conducted in the night across 2022/04/05 and 2022/04/10 and
provided 98 data points. The period analysis shows a bimodal
solution for the rotational period with P = 3.4693 + 0.0002 h and an
Number Name 2022 mm/dd Pts Phase Lpag Bpas Period(h) P.E. Amp A.E. Grp

5237 Yoshikawa 04/05 - 04/10 98 4.5 - 1.8 202.4 2.2 3.4693 +0.0002 0.31 0.03 MBA

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. Lpag and
Beag are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid
family/group (Warner et al., 2009).
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Split Halves Phased Plot: 5237 Yoshikawa
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Figure 2. Split halves lightcurve of 5237 Yoshikawa.
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Lightcurve photometry of the main-belt asteroid
8693 Matsuki yielded an estimated period of 6.10550 +
0.00225 h and an amplitude of 0.53 + 0.01 mag.

CCD photometric observations of the main-belt asteroid
8693 Matsuki were carried out in 2017 April and May at the Cerro
Tololo Inter-American Observatory, La Serena, Chile (807). Data
were obtained with a 0.41-m f/17.3 Ritchey-Chretien telescope and
an Andor Aspen CG230 camera using an open filter. The pixel size
was 0.874 arcseconds with binning set to 2x2. All exposures were
120 seconds.

Data processing and analysis were done with MPO Canopus
(Warner, 2019). All images were calibrated with bias, dark, and flat
field frames, and the instrumental magnitudes converted to R
magnitudes using solar-colored field stars from the CMC-15
catalogue. Table I shows the observing circumstances and results.

8693 Matsuki was discovered on 1992 November 16 by K. Endate
and K. Watanabe at Kitami in Japan. It is a main-belt asteroid with
an orbital period of 3.73 years, semi-major axis of 2.41 au,
eccentricity of 0.1581, and inclination of 6.927°. It has an absolute
magnitude of 13.03. The WISE/NEOWISE survey (Masiero et al.,
2011) reported a diameter of 5.944 + 0.191 km and a visible albedo
of 0.379 + 0.083. Carvano et al. (2010) assigned an S-type
taxonomic class. The asteroid’s dynamical family is reported as
4 Vesta (Nesvorny, 2015). While asteroids in the Vesta dynamical
family are commonly associated with the V-type taxonomic class,
several studies have demonstrated that a wide range of taxonomic
classes are also represented (Erasmus et al., 2019; Erasmus et al.,
2020).

Observations for 8693 Matsuki were conducted over two nights and
collected 233 data points. The lightcurve analysis showed a solution
for the rotational period of P = 6.10550 + 0.00225 h and with an
amplitude 4 = 0.53 + 0.01 mag, suggested by the strongest peak in
the period spectrum.

Number Name yyyy mm/dd Phase

LPAB BPAB Period(h) P.E. Amp A.E.

8693 Matsuki 2017 04/30-05/01 8.8

8 -4 6.10550 0.00225 0.53 0.01

Table |. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Lpag and Beag are the approximate phase angle bisector longitude/latitude at mid-date range (see

Harris et al., 1984).
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A search through the asteroid lightcurve database (LCDB); Warner
et al., 2009) and ADS indicated a period of 6.09724 + 0.00005 h
(Pal et al., 2020) for this asteroid based on photometry obtained
using the Transiting Exoplanet Survey Satellite (TESS). Our result
agreed with that published by Pal et al. (2020).
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We present CCD photometry results for the asteroid
471109 Vladobahyl (2010 CO12). From 507 images we
have constructed the lightcurve of this asteroid and
estimate its rotational period to be 4.9217 £ 0.1746 h.

The asteroid 471109 Vladobahyl was discovered by Stefan Kiirti in
2010. Since discovery, there have been very few observations of it.
We attempted to observe it at its opposition in 2022 since it was
accessible to our telescopes at the time.

We used the Newton AG 14 telescope equipped with the Atik
460EXm camera with the pixel dimensions 4.54 pm X 4.54 um at
the J. Volny observatory in Stupava, Slovak Republic, during two
nights. On 2022 January 6 we observed from the evening (19" 04™in
06 UT) till the early morning of 2022 January 7 (03" 42min ]2sec
UT). The next night on 2022 January 7 we have observed from the
evening (18" 03™in 385 UT) till the early morning of 2022 January
8 (02h 26™min 245¢¢ UT). The exposure time was 120 s with no filters
used. The sets of ‘fits’ files were stacked in Astrometrica (Raab,
2012) and the resultant fits images were measured using the
AstrolmageJ (Collins et al., 2017) software.

For the analysis of our measurements, we used the Astrometrica and
AstrolmageJ packages mentioned above. With Astrometrica, we
first correctly detected the asteroid and then we measured it with
AstrolmageJ. We would like to emphasize that the measurements
were done only if the object was clearly visible in the image. We
used AstrolmageJ for magnitude measurements since we found that
AstrolmageJ was more precise in our case. The comparison stars
were selected individually from the Tycho-2 catalogue and were
used for measurements on both nights.

Despite careful measurements, the dispersion of the observed
magnitudes was quite high. Therefore, we decided to smooth the
data using the Mathematica (Wolfram Research, 2021) package
with a 7-point running average. The smoothed data were treated in
the Peranso (Paunzen and Vanmunster, 2016) package to find the
lightcurve of the asteroid using the CLEANest (Foster) and Lomb-
Scrangle methods. Both methods gave us the same results within
the limits of errors. We applied the Peranso package three times,
i.e., for the data from both nights separately, and for the combined
data from both nights with very similar results. The results were
used to determine the rotation period of the asteroid to be
4.927 £ 0.1746 h (Table I).

While we acknowledge the fact that the dispersion of the observed
data is high, we had two full nights of continuous observations with
consistent results of the observed rotation period of the asteroid.
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Figure 1. The lightcurve of the asteroid 471109 Vladobahyl.
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Number Name yyyy mm/dd Phase

Period(h) P.E. Amp A.E. r

LPAB BPAB

471109 Vladobahyl 2022 01/06-01/08

7.8,8.5

94 5.9 4.9217 0.1746 0.38 0.21 2.15

Table |. Observing circumstances and results.
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Photometric measurements were conducted on asteroid
2999 Dante from the Phillips Academy Observatory
(PAO), the Mittelman Observatory, and the iTelescope
T18 Observatory from 2022 February 06 to March 04.
The rotational period and amplitude were determined to
be 49.714 + 0.001 h and 0.55 + 0.05 mag.

Asteroid 2999 Dante was chosen from the CALL website.
Observations were mostly made from the Phillips Academy
Observatory (PAO), located in Andover, Massachusetts.
Observations from PAO were made with a 0.50-m f/6.8 Corrected
Dall-Kirkham (CDK) Astrograph telescope manufactured by
PlaneWave Instruments and an FLI ProLine 4240 Camera with a
2048%2048 array of 13.5-micron pixels cooled to a temperature of
-40°C. The resulting image scale was 0.81 arcseconds per pixel. 300
second exposures were taken through a luminance filter. Exposures
were unbinned and unguided. All images were corrected using dark
frames, flat-fields, and bias frames using AstrolmageJ Software
v.3.2.21 (Collins et. al., 2017). Observations from the Phillips
Academy Observatory were supplemented with a data set from the
iTelescope T18 telescope in Nerpio, Spain as well as a data set from
the Mittelman Observatory at New Mexico Skies. Detailed
information about the additional observatory sites used are listed in
the table below.

245

MPO Canopus (Warner, 2018) was used to make photometric
measurements of the images using differential photometry as well
as to generate the final lightcurves. Comparison stars were chosen
to have near solar-color, a B-V value close to 0.8, and a V-R value
close to 0.45 (Warner, 2012). Data merging and period analysis
were done with MPO Canopus using the Fourier Analysis for
Lightcurves (FALC) algorithm developed by Alan Harris (Harris et
al., 1989) and modified by Petr Pravec (Warner, 2012). The
research was conducted for the Astronomy Research course at
Phillips Academy, a high school in Andover, Massachusetts.

2999 Dante was discovered on 1981 February 6 by Norman G.
Thomas at Lowell Observatory in Flagstaff, Arizona (JPL, 2022).
The Asteroid Lightcurve Database (LCDB; Warner et al., 2009) did
not have any recorded rotational period. Over the course of 11
nights between 2022 Febrary 06 and 2022 March 04, 979 data
points were collected. These data points fit a rotational period of
49.714 £ 0.01 h with amplitude 0.55 = 0.05 mag. Since Dante is a
very slow rotator with a period close to twice the rotational period
of the Earth, multiple sessions of images across different nights
were required to obtain full coverage of the lightcurve. Images were
taken from different observatory sites to further increase the
coverage of the lightcurve. In spite of a dedicated campaign
involving three different observatories, complete coverage could
not be achieved due to moon placement and weather. Regardless, a
bimodal solution with a period of P =49.714 + 0.001 h is favored.
The period spectrum is included along with the phased plot.

Phased Plot: 2999 Dante
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Site Telescope Camera Sessions Period: 49.714£0.001 h Amp: 0.55 JDo(LTC): 2459616.640857
Mittelman PlaneWave SBIG STX 2022
Observatory | CDK20 0.50-m | (KAF- February 9
/6.8 16803) (session
260)
iTelescope PlaneWave SBIG STL- | 2022
T18 CDK12 0.32-m | 6303E February 9
Astrocamp £/8.0 (sessions
264,265)
Number Name yyyy mm/dd Phase Lpag Beas Period(h) P.E. Amp A.E. Grp
2999 Dante 2022 02/06-03/04 5.5, 15.3 137.9 9 49.714 0.001 0.55 0.05 MB-M

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Leag and Bpag are the approximate phase angle bisector longitude/latitude at mid-date range (see
Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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Period Spectrum: 2999 Dante
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Photometric observations of asteroid 5889 Mickiewicz
were performed at the Phillips Academy Observatory
(PAO) from 2022 April 30 to May 26. The rotational
period and amplitude were determined to be:
P=6.141 £ 0.001h, A =0.51 + 0.05 mag.

CCD photometric observations of the asteroids were made from the
Phillips Academy Observatory. The asteroids were chosen from the
CALL website. All observations were made with a 0.50-m f/6.8
Corrected  Dall-Kirkham  (CDK)  Astrograph  telescope
manufactured by PlaneWave Instruments and an Andor Tech iKon
DW436 CCD camera with a 2048x2048 array of 13.5-micron
pixels. The resulting image scale was 0.81 arcseconds per pixel. All
images were corrected using dark frames, flat-fields, and bias
frames using AstrolmageJ software (Collins et. al., 2017). All
exposures were taken through a luminance filter at -50°C and were
unbinned. Exposures were 300 s in length and unguided.

MPO Canopus (Warner, 2018) was used to make photometric
measurements of the images using differential photometry as well
as to generate the final lightcurves. Comparison stars were chosen
to have near solar-color, a B-V value close to 0.8, and a V-R value
close to 0.45 (Warner, 2012). In addition, brighter comparison stars
were favored. Data merging and period analysis were done with
MPO Canopus using the Fourier Analysis for Lightcurves (FALC)
algorithm developed by Alan Harris (Harris et al., 1989) and
modified by Petr Pravec (Warner, 2012). The research was
conducted for the Astronomy Research course at Phillips Academy,
a high school in Andover, Massachusetts.

5889 Mickiewicz was discovered by N. S. Chernykh at Nauchnyj
on 1979 March 31. In the Asteroid Lightcurve Database (LCBD;
Warner et al., 2009), there are two observed periods:
P =6.14148 + 0.00002 (Durech et al., 2019) with no lightcurve and
quality code U, and P = 6.1412 + 0.0543, A=0.37 (Ergashev et al.,
2019) with quality code value 3-.

Data were collected from 2022 April 20 to 2022 May 26, with a
total of 295 data points included in the plot. Double coverage for
the entire period is presented. Note that a portion of the session from
10 March 2022 appears to deviate from the typical behavior.
Inspection of the original images did not reveal any abnormality.
Finding no justification for removing this data, the authors have left
it in. The period spectrum shows several favorable solutions, but
the bimodal solution P = 6.141 h is most likely given the amplitude
(Harris et. al, 2014). This result corresponds with the previously
reported periods.
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Number Name
5889 Mickiewicz

Period(h) P.E. Amp A.E. Grp
6.141 0.001 0.51 0.05 MB-M

yyyy mm/dd Phase Lpag Bpas
2022 4/30-05/26 12.7,10.3 240 20.9

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Lpag and Beag are the approximate phase angle bisector longitude/latitude at mid-date range (see
Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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Photometric observations of asteroid 1466 Mundleria
(e = 0.15, i = 13.15°, H = 12.23) were conducted using
telescopes located in New Mexico, Italy, and Malta
between 2022 Mar 24 and Apr 25. An analysis of these
data yielded a rotation period of 89.280 + 0.065 h.

1466 Mundleria (1938 KA) was discovered by Karl Reinmuth at
the Heidelberg Observatory in 1938 and named in honor German
astronomer Max Mundler. It orbits the inner part of the main belt
with a semi-major axis of 2.38 AU. 1466 Mundleria has an absolute
magnitude of 12.23, a diameter of 22.13 km, an eccentricity of 0.15,
and an inclination of 13.15° (JPL, 2022).

The University of Maryland authors observed the asteroid with the
T21 telescope located in Mayhill, New Mexico, using a 0.43-m
reflector with an f/4.5 focal reducer and an FLI-PL6303E CCD
camera. A luminance filter was used along with an exposure time
0f 300 seconds and binning of 1. Marchini at the University of Siena
used a 0.30-m f{/5.6 Maksutov-Cassegrain telescope, SBIG
STL-6303E NABG CCD camera, and a Clear filter. The pixel scale
was 2.30 arcsec when binned 2 X 2 pixels and all exposures were
300 seconds. Mifsud at the Manikata Observatory used an 8-in
Meade LX90 telescope with a SBIG ST10xme CCD camera.
Galdies at the Znith Observatory used a 203-mm SCT telescope
with a G2-1600 CCD camera binned at 1x1 pixels.

MPO Canopus (Warner, 2018) was used to perform aperture and
differential photometry. A series of phased lightcurves were
constructed using telescope observations between the nights of
2022 Mar 24 and Apr 25. The observing schedule along with results
from the lightcurve analysis are summarized in Table 1.

Period analysis shows a rotation period of 89.280+ 0.065 h with an
amplitude of 0.24 + 0.04 mag. We could not find any previous
rotation periods reported for 1466 Mundleria in the Asteroid
Lightcurve Database (LCDB; Warner et al., 2009).

The phased lightcurve shows a bimodal distribution typical for
asteroids. The determined rotation period, however, is larger than
for most asteroids, and further observations are needed for
refinement.

Phased Plot: 1466 Mundleria
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Number Name

yyyy mm/dd Phase

Period(h) P.E. Amp A.E. Grp

LPAB BPAB

1466 Mundleria

2022 3/24-4/25 8.9

200.5 13.7 89.280 0.065 0.24 0.04 MB-I

Table |. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Lpag and Beag are the approximate phase angle bisector longitude/latitude at mid-date range (see
Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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Observations of the main-belt asteroid 3736 Rokoske
were conducted over 8 nights between 2022 March 25
and 2022 April 23. Images were collected using three
telescopes in the USA, Malta, and Italy. 3736 Rokoske
has a diameter of 19.5 km and an absolute magnitude of
11.15. MPO Canopus was used for calibration and
lightcurve analysis. The phased lightcurve resulted in a
rotation period of 17.411 = 0.004 h and 0.10 + 0.02 mag
amplitude.

3736 Rokoske was first discovered in 1987 by Edward Bowell in
Flagstaff, AZ (LCDB; Warner et al., 2009). It is a main-belt asteroid
with a semi-major axis of 3.02 AU, eccentricity of 0.08, inclination
of 11.30°, orbital period of 5.3 years, a diameter of 19.5 km, and an
absolute magnitude of 11.15. Following a search through the
Asteroid Lightcurve Database, we discovered the rotation period is
currently unknown. The present lightcurve analysis can provide
insight into a possible rotation period for the asteroid.

Images were collected during 8 nights between 2022 Mar 25 and
Apr 23. The University of Maryland observers used the iTelescope
21 located in Mayhill, New Mexico (MPC Code: H06) on Apr 1,
Apr4, Apr7, Apr9, and Apr23. The Planewave 17 CDK telescope
has a focal length of 1940 mm, and an aperture of 431 mm. The
FLI-PL6303E CCD camera used has a pixel size of 9 pm square,
array of 3072 x 2048 pixels, and a resolution of 0.96 arcsec/pix. The
luminance filter was used for all observations.

Galdies observed from the Znith Observatory in Malta on Mar 25
and Apr 23 using a 203-mm SCT telescope with a Moravian
G2-1600 CCD camera at 1 x 1 binning and a luminance filter.

249

Marchini and Papini observed from the Astronomical Observatory
of the University of Siena (MPC Code: K54). Observations were
made on Apr 10, Apr 11, and Apr 12 with a 0.30-m /5.6 Maksutov-
Cassegrain telescope, SBIG STL-6303 NABG CCD camera, and
Clear filter at 2 x 2 binning.

Lightcurve analysis was done with MPO Canopus (version
10.7.12.0; Warner 2019). Raw lightcurves were made for each night
and, in the case of a meridian flip of the telescope, independent
lightcurves were created for before and after the flip. Raw
lightcurves were phased to numerous test periods with data from all
three telescopes. Analysis of the resulting phased lightcurve shows
that asteroid 3736 Rokoske has a typical lightcurve with two peaks
and two troughs. The derived rotation period is 17.411 + 0.004 h
with an amplitude of 0.10 * 0.02 mag.
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Number Name

yyyy mm/dd Phase

Period(h) P.E. Amp A.E. Grp

LPAB BPAB

3736 Rokoske 2022 3/25-4/23

10.2,5.3 208.7 12.3

17.411 0.004 0.10 0.02 MB

Table |. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Lpag and Bpag are the approximate phase angle bisector longitude/latitude at mid-date range (see
Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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A REEXAMINATION OF THE ROTATION PERIOD OF hours (Fig. 2) with a mean residual of 1.1622 x 0.01 magnitudes.
1541 ESTONIA The data scatter by eyeball scanning is notably smaller for the

12.889-hour lightcurve. The split halves plot for the 12.889-hour

Frederick Pilcher lightcurve (Fig. 3) also shows a small systematic difference

Organ Mesa Observatory (G50) between the two halves for some segments of the lightcurve. By all

4438 Organ Mesa Loop three criteria a period of 12.889 hours is preferred to one of 6.445

Las Cruces, NM 88011 USA hours. The minimum near phase 0.5 of the 12.889-hour lightcurve
fpilcher35@gmail.com is deeper for the larger phase angles than for the smaller ones. This

is a commonly occurring effect found in lightcurves sampled over
a large range of phase angles for many asteroids. The change of
depth with phase angle is not seen in the minimum near phase zero.
If the period really were 6.445 hours, the depths of the minima
should change in step. The different behaviors of the two minima
constitute a fourth criterion for which the longer period 12.889
hours is preferred.

Eric V. Dose
3167 San Mateo Blvd NE #329
Albuquerque, NM 87110 USA

(Received: 2022 July 14)

A previously published period ambiguity for 1541
Estonia of 6.444 or 12.890 hours has been reexamined.

We prefer a 12.889 + 0.001-hour period with amplitude 1as0l Phased Plot: 1541 Estonia Yooz ) |
0.16 = 0.01 magnitudes. | Ei%ﬁggg |
s 1ie-c |
. . . L v 19 oamo| |

The two authors of this paper made independent photometric el s to-oans
investigations of the rotational properties of 1541 Estonia in the il 1 1e2z-gsi0s)
interval 2022/02 to 2022/04. Dose (2022) found a period of 6.444 g ror ]
hours and Pilcher (2022) found a period twice as great, 12.890 g2 A
hours. After learning of our respective results, we have merged our grarar ';g‘* )
data in an attempt to resolve the ambiguity. Our equipment and Suats- ' '* . :,.*, 0 |
observational procedures have been previously described in our 5’14-78* mtfj ]
papers referenced above. To reduce the number of data points on 14801 A2
the lightcurves and make them easier to read, data points have been 14821 mET
binned in sets of 3 with maximum time difference 5 minutes. Earlier 14.84- L.
published rotation periods are by Behrend (2015web), 10.1 hours; e T
and by Polakis (2021), 12.84 hours. == Period: 6.445 £ 0.001 h  JDo(LTC): 2459619.772260 1

SeSSiOIlS 1732_1757’ 2022 Feb. 25 tO Apr 3’ are by Pﬂchel‘, 0.00 010 0.20 030 040 050 060 070 0.80 090 1.00
originally obtained in CMCI5 R band, where R=r"-0.22. Sessions Figure 1. Lightcurve of 1541 Estonia, 2022/02/09 to 2022/04/04
1818-1823, 2022 Feb. 9 - Apr. 4, are by Dose, originally obtained phased to 6.445 hours.

with the exoplanet/blue-blocker filter and transformed to the Sloan
r’ band. During the merger of the two data sets the zero points of

Year: 2022 Phased Plot: 1541 Estonia

one set had to be adjusted by about 0.17 magnitudes to obtain best 14.601- (i 172202028 1
fit to the other set. Lightcurve construction and period solution was 1462 E%ggﬁ; g
done with MPO Canopus software. 1464 | + 17670410 ja = ]
14.66)- | ¥ 1819-02110| . i
MPO Canopus software uses the FALC algorithm written by Alan _ 168 e . ".ﬁ‘ “%A .
Harris to find the rotation period that best fits the data within the @ 14700 goat " . 1
range specified by the user. This algorithm finds the coefficients of £ a2 ‘1 .@.& = i
each order of the Fourier series up to a user specified maximum %14.747 H ﬁ;;gu ™ 1
number, 10 in the calculations performed here, for a specified range 3 1a76f » 'f’d"" 3 ¢ ]
of periods, and computes for each period within that range the rms S1a7sl ‘gﬁ t;g . e i -
residual, in units of 0.01 magnitudes, of all the individual data = 1a80] " og} .
points from the graph specified by the Fourier components. It then 14.82] ’gg i -
plots the lightcurve for that period within the specified range for 14.84] . |
which the rms is a minimum and writes the both the period and rms tasel o i
residual of the individual data points. The saved lightcurves do not 14.88]- i
state the rms residual, but the first author has written them onto each | Pertod:12.889:£0.000h  JDo(LTC)::2459619.772260 .
lightcurve. 0.00 010 020 030 040 050 060 0.70 0.80 0.90 1.00

Figure 2. Lightcurve of 1541 Estonia, 2022/02/09 to 2022/04/04

For all twelve sessions, range of phase angles 12.9° to a minimum phased to 12.889 hours.

of 1.6° to 10.6°, lightcurves were to drawn to 6.445 hours (Fig. 1)
with a mean residual of 1.3932 x 0.01 magnitudes and to 12.889

Number Name yyyy/mm/dd Phase Lras  Breas Period(h) P.E Amp A.E.
1541 Estonia 2022/02/09-2022/04/04 *12.9, 10.6 170 1 12.889 0.001 0.16 0.01

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date, unless a
minimum (second value) was reached. Lpag and Beag are the approximate phase angle bisector longitude and latitude at mid-date range (see
Harris et al.. 1984).
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Figure 3. Split halves lightcurve of 1541 Estonia for the interval
2022/02/09 to 2022/04/04.

A long interval of observations, nearly two months for the study in
this paper, covers a larger number of rotational cycles and provides
a more accurate period. There is a trade-off, in that the shape of the
lightcurve changes with phase angle and reduces any shape
differences in any bimodal lightcurve. A subset of five sessions
from 03/08 at phase angle 1.6° through 03/24 at phase angle 6.0°
does not include a large enough change of phase angle for this effect
to be apparent. A lightcurve drawn to a period of 6.449 hours (Fig.
4) shows a rms residual of 1.2382 x 0.01 magnitudes and a
bifurcation of data points near the single minimum. A lightcurve
drawn to a period of 12.894 hours (Fig. 5) shows a clearly
asymmetric lightcurve with rms residual only 0.7010 x 0.1
magnitudes. The split halves lightcurve for the interval March 08 to
March 24 (Fig. 6) also shows a distinct separation of many
corresponding segments of the two halves. The evidence at a small
range of phase angles favoring the longer period is now very strong.
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Figure 4. Lightcurve of 1541 Estonia, 2022/03/08 to 2022/03/24
phased to 6.449 hours.
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Figure 5. Lightcurve of 1541 Estonia, 2022/03/08 to 2022/03/24
phased to 12.894 hours.
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Figure 6. Split halves lightcurve of 1541 Estonia for the interval
2022/03/08 to 2022/03/24.

We conclude that the synodic rotation period of 1541 Estonia is
12.889 + 0.001 hours and the amplitude is 0.16 + 0.01 magnitudes.
The new observations are consistent with Polakis (2021) and rule
out the 10.1-hour period reported by Behrend (2015web).
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Photometric observations of the main-belt asteroid 3616
Glazunov were conducted in order to determine its
synodic rotation period. We found P = 18.932 + 0.004 h,
A=0.14 £ 0.03 mag.

CCD photometric observations of the main-belt asteroid 3616
Glazunov were carried out in 2022 May-July at the Astronomical
Observatory of the University of Siena (K54), a facility inside the
Department of Physical Sciences, Earth and Environment (DSFTA,
2022). We used a 0.30-m f/5.6 Maksutov-Cassegrain telescope,
SBIG STL-6303E NABG CCD camera, and clear filter; the pixel
scale was 2.30 arcsec when binned at 2x2 pixels and all exposures
were 300 seconds.

Data processing and analysis were done with MPO Canopus
(Warner, 2018). All images were calibrated with dark and flat-field
frames and the instrumental magnitudes converted to R magnitudes
using solar-colored field stars from a version of the CMC-15
catalogue distributed with MPO Canopus. Table 1 shows the
observing circumstances and results.

A search through the asteroid lightcurve database (LCDB; Warner
et al., 2009) indicates that our result may be the first reported
lightcurve observations and results for this asteroid.

3616 Glazunov (1984 JJ2) was discovered on 1984 May 3 at
Nauchnyj by L. V. Zhuravleva and named in honor of Il'ya
Sergeevich Glazunov, a well-known Russian painter who died in
2017. It is a main-belt asteroid with a semi-major axis of 2.600 au,
eccentricity 0.123, inclination 12.769°, and an orbital period of 4.19
years. Its absolute magnitude is H = 12.40 (JPL, 2022). The
WISE/NEOWISE satellite infrared radiometry survey (Masiero et
al., 2014) found a diameter D =9.811 + 0.145 km using an absolute
magnitude A= 12.2.

Observations were conducted over nine nights and collected 275
data points. The period analysis shows a possible solution for the
rotational period at P = 18.932 + 0.004 h with an amplitude
A =0.14 + 0.03 mag as the most likely bimodal solution for this
asteroid. Because of the low amplitude and the precision of the
photometry due to the not optimal sky conditions, further
observations are highly recommended in future apparitions to verify
the result.
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Number Name 2022/mm/dd Phase

Period(h) P.E. Amp A.E. Grp

LPAB BPAB

3616 Glazunov 05/31-07/03

*8.1,12.3

259 11 18.932 0.004 0.14 0.03 EUN

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Lpag and Beag are the approximate phase angle bisector longitude/latitude at mid-date range (see Harris

et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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We present our composite lightcurve for Koronis family
asteroid (1363) Herberta. Based upon six nights in 2022
we obtained an improved rotation period of 3.016 £ 0.002
h with amplitude 0.13 £ 0.02 mag.

We have begun a program to observe members of the Koronis
asteroid family in order to determine improved periods for use in
obtaining spin solutions and shape models (Kaasalainen et al., 2001;
Slivan et al., 2003).

Observation planning used the Koronisfamily.com web tool
(Slivan, 2003), and images were obtained using four telescopes
including the Union College Observatory and remote access
through the networks iTelescope.net (T21) and Telescope.Live
(Spa-2 and Chi-3; see Table 1). Exposure times were generally 240
s and binning 2x2 except on Chi-3 where they were 180 s and 1x1
respectively. All observations used a red filter but specific filters
varied by observatory due to availability.

A total of six observing nights spanning approximately 40 days was
obtained. The specific nights are indicated by the legend of the
lightcurve figure, and parameter values for phase and phase angle
bisector appearing in Table II were found using the NASA Horizons
ephemeris tool. Images were processed for bias, dark, and flat field
corrections. We used AstrolmageJ software (Collins et al., 2017) to
process the Union College images and to perform photometry on all
images. Light-time corrections were applied using NASA Horizons
ephemerides.

Because the individual nights were not calibrated to a common
brightness zero-point, constant brightness offsets were used to shift
each night's data to arrive at a self-consistent lightcurve. We
obtained a best fit synodic period P =3.016 £ 0.002 h, in agreement
with the previous value of 3.015 + 0.005 (Black et al., 2016). The
amplitude (from trough to peak) is 0.13 + 0.02 mag.

253

(1363) Herberta

Relative R magnitude
°
°
°

150
UT hours on 2022 Feb 21
Acknowledgements

FPW received funding from the Union College Faculty Research
Fund. We are grateful to S. Slivan for helpful suggestions. Student
researchers were funded by the Union College Research Assistant
work-study program. We thank A. Quirk and D. Zuckerman of the
Scholars Program for making this opportunity available.

References

Black, S.; Linville, D.; Michalik, D.; Wolf, M.; Ditteon, R. (2016).
“Lightcurve Analysis of Asteroids Observed at the Oakley Southern
Sky Observatory: 2015 December - 2016 April.” Minor Planet Bull.
43,287-289.

Collins, K.A.; Kielkopf, J.F.; Stassun, K.G.; Hessman, F.V. (2017).
“AstrolmagelJ: Image Processing and Photometric Extraction for
Ultra-precise Astronomical Light Curves.” Astron. J. 153, 77-89.

Kaasalainen, M.; Torppa, J.; Muinonen, K. (2001). “Optimization
methods for asteroid lightcurve inversion. II. The complete inverse
problem.” Icarus 153, 37-51.

NASA Horizons. https://ssd.jpl.nasa.gov/horizons/app.html#/

Slivan, S.M. (2003). “A Web-based tool to calculate observability
of Koronis program asteroids.” Minor Planet Bull. 30, 71-72.

Slivan, S.M.; Binzel, R.P.; Crespo de Silva, L.D.; Kaasalainen, M;
Lyndaker, M.M.; Kr¢o, M (2003) “Spin vectors in the Koronis
family: comprehensive results from two independent analyses of
213 rotation lightcurves.” Icarus 162, 285-307.

Name Site Telescope Camera Array Filter  FOV(') Scale ("/pix)
uco Schenectady, NY 0.50-m RC £/8.1 SBIG STXL-11002 2004x1336x9um R 30x20 0.93

T21 Mayhill, NM 0.43-m CDK f/6.8 FLI-PL6303 3072x2048x9um R 33x49 1.92

Spa-2 Oria, Spain 0.70-m RC f/8 FLI-PL16803 2048%x2048x9um r' 29x29 0.86

Chi-3 Rio Hurtado, Chile 1.0-m RC £/6.8 FLI-PL16803 4096x4096x9um Red 19%x19 0.27

Table |. Telescopes and Cameras: RC=Ritchey-Chrétien. CDK = Planewave with /4.5 focal reducer. UCO = Union College Observatory.

Number Name

yyyy mm/dd

Phase LPAB

BPAB

Period(h)

P.E.

Amp A.E.

Grp

1363

Herberta

2022 02/21-04/21

0.5,17.3 151

-1 3.016

0.002

0.13 0.02 Kor

Table 1. Observing circumstances and results. The phase angle is given for the first and last dates. Lpag and Bpag are the approximate phase
angle bisector longitude/latitude at mid-date range.
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Photometric monitoring of 1664 Felix was carried out in
2022 February through a Johnson V filter. Based on 90
images collected over two nights, we find a best-fit
rotation period of 3.345+0.001 hours, in good agreement
with previous results, and a V-band variability amplitude
of 0.45+0.02 mag that is slightly larger than previously
reported from observations through a clear filter.

Asteroid 1664 Felix was discovered on 1929 February 04 by
Belgian astronomer Eugene Delporte at the Royal Observatory of
Belgium in Uccle (JPL, 2022). 1664 Felix is an inner main belt
asteroid (family 9104; Warner et al., 2009) with orbital semi-major
axis a = 2.34 AU. Observations of 1664 Felix in 2008 March by
Higgins et al. (2008) constrained its rotation period to be
3.3454+0.0002 h, with a variability amplitude of 0.38+0.01 mag
through a clear filter. A similar rotation period of
3.344855+0.000010 hours was determined by Durech et al. (2020)
from observations collected by the Asteroid Terrestrial-impact Last
Alert System (ATLAS) program.

As part of the course work for the Georgia State University class
Astronomical Techniques and Instrumentation, observations of
1664 Felix were obtained at GSU’s Hard Labor Creek Observatory
in 2022 February. Monitoring through the Johnson V filter was
carried out with the 24-inch Miller Telescope, an f/6.5 Planewave
Corrected Dall-Kirkham Astrograph, equipped with an Apogee
Alta CCD with 2048x2048 pixels, giving a field of view of 26.3
arcmin x 26.3 arcmin and a pixel scale of 0.77 arcsec. A total of 36
images were collected on UT date Feb 12 with exposure times of 4
min, and an additional 54 images were collected on UT date Feb 20
with exposure times of 5 min.

All images were reduced in /RAF following standard procedures,
which included bias and overscan subtraction, dark subtraction, and
flat fielding. Aperture photometry of the asteroid and 7 field stars
was carried out in IRAF with an aperture radius of 7 pix for the Feb
12 images and a radius of 9 pix for the images collected on Feb 20.
APASS V-band photometry of the field stars (Henden et al., 2009)
was used to convert instrumental magnitudes to calibrated
magnitudes.

The rotation period of 1664 Felix was determined from the
calibrated magnitudes with MPO Canopus, which implements the
Fourier Analysis of Light Curves (FALC) algorithm of Harris et al.
(1989). The best-fit period was found to be 3.345+0.001 hours with

a V-band variability amplitude of 0.45+0.02 mag. This rotation
period is in excellent agreement with that determined by Higgins et
al. (2008) and Durech et al. (2020). The V-band variability
amplitude we find is somewhat larger than that reported for
observations through a clear filter by Higgins et al. (2008).

Phased Plot: 1664 Felix
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Number Name

yyyy mm/dd Phase

Lpag Bpas Period(h) P.E. Amp A.E. Grp

1664 Felix 2022 02/12-02/20

10.15,7.24

154 9 3.345 0.001 0.45 0.02 9104

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Leag and Beag are the approximate phase angle bisector longitude/latitude at mid-date range (see Harris

et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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Broad-band photometric monitoring of 1226 Golia and
6349 Acapulco was carried out in 2021 February-March.
For 1226 Golia, we report a rotation period of 4.46 + 0.05
h and a V-band variability amplitude of 0.41 + 0.02 mag,
which are in agreement with the range of previously
reported measurements. For 6349 Acapulco, we find
typical colors for a C-type asteroid of B-V = 0.7 + 0.1
mag and V-R = 0.3 + 0.1 mag and little evidence for color
changes as a function of time. We report a rotation period
0f 4.48 £0.05 h that is in good agreement with a previous
measurement, and a variability amplitude of 0.55 + 0.02
mag that is three times larger than previously reported.

Asteroids 1226 Golia and 6349 Acapulco were monitored through
broad-band filters over the course of a few nights in 2021 February
and March. Observations were obtained as part of the course work
for the Georgia State University class Astronomical Techniques and
Instrumentation at GSU’s Hard Labor Creek Observatory.
Monitoring was carried out with the 24-inch Miller Telescope, an
116.5 Planewave Corrected Dall-Kirkham Astrograph, equipped
with an Apogee Alta CCD with 2048x2048 pixels, giving a field of
view of 26.3 arcmin x 26.3 arcmin and a pixel scale of 0.77 arcsec.

All images were reduced in /RAF following standard procedures,
which included bias and overscan subtraction, dark subtraction, and
flat fielding. Aperture photometry of the asteroids and field stars
was carried out in JRAF. APASS B- and V-band photometry of field
stars (Henden et al.,, 2009) was used to convert instrumental
magnitudes to calibrated magnitudes, while the transformation
equations of Jordi et al. (2006) for Population I stars were used to
determine the effective R magnitudes for field stars using the Sloan
7' magnitudes and the g'-7' colors from APASS.

Rotation periods and variability amplitudes of the asteroids were
determined using MPO Canopus, which implements the Fourier
Analysis of Light Curves (FALC) algorithm of Harris et al. (1989).
Below, we discuss our analysis and findings for each asteroid
separately.
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1226 Golia was discovered on 1930 April 22 by Dutch astronomer
Hendrik Van Gent at Leiden Southern Station, Johannesburg (JPL,
2022). 1226 Golia is an S-type (stony) asteroid in the inner main
belt (family 9104; Warner et al., 2009). Observations were collected
through the Johnson ¥ filter on UT dates Feb 8 and Feb 21. A total
of 74 images with exposure time 90 s were collected on Feb 8, while
wind and cloud conditions on Feb 21 only allowed for 23 images
with exposure times of 210 s to be collected. The amplitude of
variability in /" was found to be 0.41 + 0.02 mag, while the final
determination of the rotation period is sensitive to the choice of
order in MPO Canopus: the adoption of order = 5,7,8 all give a best-
fit period of 4.409 + 0.001 h while order = 6 gives a best-fit period
of 4472 + 0.001 h. If the period finder is restricted to the
observations collected on Feb 8, then periods of 4.48-4.52 h are
found. We therefore adopt a best-fit period of 4.46 + 0.05 h.
Previous determinations of the rotation period have found values
that range between 4.10 h (di Martino et al., 1994; Waszczak et al.,
2015) and 4.47 h (Behrend, 2021web; Durech et al., 2018) and
include variability amplitudes of 0.24-0.40 mag. Our measurements
agree well with the upper ends of these ranges.
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Period: 4.409 £0.001 h Amp: 0.41  JDo(HJD) : 2459253.756902

6349 Acapulco was discovered on 1995 February 8 by Japanese
astronomer Masahiro Koishikawa at the Ayashi Station of the
Sendai Astronomical Observatory (JPL, 2022). It is a member of
the Adeona family of carbonaceous (C-type) main-belt asteroids,
which are believed to have formed when the parent body, 145
Adeona, underwent a massive collision about 600 million years ago
(Carruba et al., 2003). Observations through the Johnson-Cousins
B, V, and R filters were collected on UT date 2021 March 5 with
typical exposure times of 240 s for each of the 63 good frames.
Exploration of the asteroid color shows little evidence for color
changes as a function of time, with B-V = 0.7 + 0.1 mag and
V-R = 0.3 £+ 0.1 mag. These colors are typical for other C-type
asteroids (Dandy et al., 2003). A rotation period of 4.48 + 0.05 h
and variability amplitude of 0.55 + 0.02 mag was determined by
adjusting the B- and R-band light curves to match the /" band and
then fitting all three bands simultaneously. Given the low signal-to-
noise of the B-band measurements (blue boxes in the figure below),
we also fit each band separately:

Lpag Bpas Period(h) P.E. Amp A.E. Grp

Number Name 2021 mm/dd Phase
1226 Golia 02/08-02/21 10.12,5.42
6349 Acapulco 03/05 12.62

156 9 4.46 0.05 0.41 0.02 9104
138 1 4.48 0.05 0.55 0.02 505

et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Lpag and Bpag are the approximate phase angle bisector longitude/latitude at mid-date range (see Harris
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B: rotation period = 4.50 £ 0.06 h, amplitude = 0.57 + 0.02 mag
V. rotation period = 4.49 £ 0.04 h, amplitude = 0.54 £+ 0.02 mag
R: rotation period = 4.38 £ 0.09 h, amplitude = 0.62 + 0.02 mag

The results of analyzing each band separately agree with the results
derived from fitting all bands simultaneously, although the scatter
in variability amplitude is a bit larger than the formal uncertainties
and appears to be driven by the low sampling rate in each band and
a few discrepant measurements. The only previously reported
period is 4.376 £ 0.002 h with a variability amplitude of 0.18 mag,
determined from 64 observations collected over 51 days through the
Mould R filter as part of the Palomar Transient Factory survey
(Waszczak et al., 2015). The rotation period we find from
observations collected in a single night is just slightly longer than
this previous measurement, but we find a variability amplitude that
is three times larger and does not seem to be strongly dependent on
the filter choice.
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Photometric monitoring of 782 Montefiore was carried
out in 2020 February through a Johnson V filter. Based
on 247 images collected over three nights, we find a best-
fit rotation period of 4.073+£0.001 h and a V-band
variability amplitude of 0.50+0.02 mag, in good
agreement with previous results.

Asteroid 782 Montefiore was discovered on 1914 March 18 by
Austrian astronomer Johann Palisa at Vienna Observatory (JPL,
2022). A member of the inner main belt (family 9104; Warner et
al., 2009), 782 Montefiore is an S-type (stony) asteroid.

As part of the course work for the Georgia State University class
Astronomical Techniques and Instrumentation, observations of 782
Montefiore were obtained at GSU’s Hard Labor Creek Observatory
near Rutledge, GA in 2020 February. Monitoring through the
Johnson V filter was carried out with the 24-inch Miller Telescope,
an f/6.5 Planewave Corrected Dall-Kirkham Astrograph, equipped
with an Apogee Alta CCD with 2048x2048 pixels, giving a field of
view of 26.3 arcmin x 26.3 arcmin and a pixel scale of 0.77 arcsec.
A total of 247 individual images with exposure times of 4-5 min
were obtained over the course of three separate nights: UT dates
Feb 08, Feb 23, and Feb 28.

All images were reduced in /RAF following standard procedures,
which included bias and overscan subtraction, dark subtraction, and
flat fielding. Aperture photometry of the asteroid and several field
stars was carried out in /RAF with an aperture radius of 11 pixels
(Feb 08) or 9 pixels (Feb 23 and Feb 28). APASS V-band
photometry of the field stars (Henden et al., 2009) was used to
convert instrumental magnitudes to calibrated magnitudes.

The asteroid rotation period was determined from the calibrated
magnitudes with MPO Canopus, which implements the Fourier
Analysis of Light Curves (FALC) algorithm of Harris et al. (1989).
The best-fit period was found to be 4.073+0.001 h with a V-band
variability amplitude of 0.50+0.02 mag. Several high-quality
measurements of the rotation period already exist, with values
ranging from 4.069-4.08 h (Wisniewski et al., 1997; Behrend,
2007web; Galad, 2008; Han et al., 2013; Schmidt, 2015; Benishek,
2016; Durech et al., 2020; Franco et al., 2020; Pal et al., 2020).
While previous measurements of the rotation period have agreed
quite well, the variability amplitude has been reported as ranging
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from 0.31-0.54 mag. The higher end of this range is generally from
filtered photometry (Bessel R), while unfiltered, near-infrared, or
very wide-band photometry has led to smaller values of the
variability amplitude. Our measurements appear to be the first
reported for the Johnson V filter, and agree well with the upper end
of previous amplitude measurements.

782 Montefiore
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We have observed minor planet 2022 KK5 during a close
approach on 30th of May 2022 and determined that it is a
fast rotator, having a rotational period of 0.0830+0.0002
h, with uneven minima and maxima.

Minor planet 2022 KKS5, discovered on May 27", 2022, is small
(H = 25.1) Apollo type NEA. It passed at a nominal distance of
0.00893 UA from the Earth two days after the discovery. This is
part of the “observations on alert” program started using the
telescope facilities owned by the Astronomical Institute of the
Romanian Academy whose results were already published in the
past (Gornea et al., 2018; Sonka et al., 2018, 2019, 2021).

Usually, small NEAs can be observed for a short period of time
(Birlan et al., 2015), at their closest approach, at their maximum
apparent brightness, but with a large sky motion. This object in
particular will not become brighter than 24" magnitude in the
foreseeable future. We observed the asteroid one night after the
closest approach, during a 2-hour observing run.

Observations were made from Bucharest Observatory (IAU MPC
073 code), branch of The Astronomical Institute of the Romanian
Academy. We used Riccardi Dall-Kirkham telescope, with a 0.5-m
primary mirror and 3,500 mm focal length, a FLI CCD camera
PL16803 with a 4096x4096 array, 9 pm size pixels and 60%
maximum Quantum Efficiency. The combination gives a visual
field of 36'x36', with 1.07"/pixel at binning of 2x2 (Birlan et al.,
2019).

We started to observe the asteroid on May 30™, 2022, in order to
secure astrometry, with exposure time of 30 seconds, and no filter.
During our observing run we noticed large brightness variations
from one image to another and continued to observe the asteroid for
2.2 hours.

Our data was properly reduced (dark, bias, flat) and analyzed with
Tycho-Tracker software (https://www.tycho-tracker.com).
Comparison stars V magnitudes were automatically chosen from
The ATLAS All-Sky Stellar Reference Catalog (Tonry et al., 2018).

The raw (unphased photometric data) lightcurve shows a large
amplitude brightness variation and uneven minima and maxima,
together with a very short rotational period.

Number Name yyyy mm/dd Phase

Period(h) P.E. Amp A.E. Grp

LPAB BPAB

2022 KK5 2022 05/30

44.4,44.1

242 22 0.0830 0.0002 0.81 0.30 NEA

Table . Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Leag and Bpag are the approximate phase angle bisector longitude/latitude at mid-date range (see
Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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Using the period search module in Tycho-Tracker we were able to
fit our data with a 2" degree order Fourier fit. The rotational period
was computed for a value of 0.0830+0.0002 h. The amplitude of the
Fourier fit is 0.81 magnitudes although we could observe deeper
minima (visible as data points well below the Fourier fit).

Of great concern was the possibility of rotational smearing as
identified by Pravec et al. (2000). For exposure times longer than
0.187 times the rotation period, an accurate rotational period cannot
be found from data. In our case the limit of exposure time is 55
seconds, while our exposure is only 30 seconds. In this way the
rotational period determined can be regarded as a solid result.

Spline interp of "Mag"

15.5
.
.
16.0 |, s . 5 Yl %
LIRS o é £0E 1 ole.] .
M . o ‘e :.  § : . t
. st 48, 1 (196 frie ks AR LI | 1 2185
. . 2 .
-3165 . il A -o‘".. -..-.._'S.ol__..
= 4 o/ ala| T |[o] [|iamm | ™1 iallfl Il S . . o .0
c . ! e : .
& i Sk o k! :.'." ‘e
. ' s .
£ 170 il 11 .'o it . : i * i rd
g i I a1 L 1 .
2 . ' .
2 | : !
e 175 4 * .
| .
i .
18.0
.
18.5
7.0 7.5 8.0 85 9.0

Hours from JD 2459730

Figure 1. Raw lightcurve for 2022 KK5, with data points and a spline
interpolation between them.
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Figure 2: Phased lightcurve of 2022 KK5. Color code corresponding
to each field of star used to fold the date for the computed period.
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We report that asteroid (29606) 1998 QN94 is a binary
asteroid. The primary lightcurve has a period of
2.8965+0.0001 h and an amplitude 0.17 mag. The orbital
period of the secondary matches what we deduce as its
own rotation period: 19.666 + 0.004 h.

Observations of this member of the Phocaea dynamical family
(Nesvorny, 2015; Nesvorny et al., 2015) were made at the Center
for Solar System Studies in 2022 May. Either a 0.35-m f/10
Schmidt-Cassegrain and FLI Microline CCD camera or a 0.4-m f/10
Ritchey-Chretien and FLI Proline CCD camera was used to acquire
images. Both cameras use a KAF-1001E chip, which has a
1024%1024x24m array of pixels.

All lightcurve observations were unfiltered since a clear filter can
cause a 0.1-0.3 mag loss. The exposure duration ranged from 180
to 360 seconds, depending on the asteroid’s brightness and sky
motion.

Measurements were made using MPO Canopus. The Comp Star
Selector utility in MPO Canopus found up to five comparison stars
of near solar-color for differential photometry. To reduce the
number of adjusted nightly zero points and their amounts, the
analysis of the data used the ATLAS catalog r" (SR) magnitudes
(Tonry et al., 2018). The rare zero-point adjustments of
> +0.03 mag may be related in part to using unfiltered observations,
poor centroiding of the reference stars, not correcting for second-
order extinction, or selecting a star that is an unresolved pair.

The Y-axis values are ATLAS SR “sky” (catalog) magnitudes. The
two values in the parentheses are the phase angle (a) and the value
of G used to normalize the data to the comparison stars used in the
earliest session. This, in effect, corrected all the observations to
seem to have been made at a single fixed date/time and phase angle,
leaving any variations due only to the asteroid’s rotation and/or
albedo changes. The X-axis shows rotational phase from -0.05 to
1.05. If the plot includes the amplitude, e.g., “Amp: 0.65”, this is
the amplitude of the Fourier model curve and not necessarily the
adopted amplitude for the lightcurve.

No previous periods were found in the asteroid lightcurve database
(Warner et al., 2009). Quickly it became apparent that there were
deviations from the Fourier curve suggestive of a binary asteroid.
Because of interference from high winds and a near Full Moon, the
error bars for several sessions were larger than desired. The plot
labeled “NoSub” shows the raw plot with suggestions of a
secondary frequency in several sessions.
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A search for a secondary frequency was done using the dual-period
search feature in MPO Canopus. A primary period of
2.8965 + 0.0001 h (Plot “P1”) and a secondary period of
19.666 + 0.004 h (Plot “P2”) were found.
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Number Name 2022 mm/dd Phase Leas  Breas Period(h) P.E. Amp A.E. Grp/DsDp
29606 1998 QN94 05/02-05/21 25.9,30.1 192 2.8965 0.0001 0.17 0.01 PHO
19.666 0.004 0.21 0.02 20.29

Table Il. Observing circumstances. The first line gives the primary or dominant period for the system. The additional line gives the secondary
period(s). The phase angle (a) is given at the start and end of each date range. Lrag and Bpags are, respectively the average phase angle

bisector longitude and latitude (see Harris et al.,1984).

After 21 May, the lightcurve started to evolve as, over the course of
observations, the phase angle increased from 26° to 30°. On the last
night of observations, the mutual event (deep minimum) at phase
0.65 disappeared, leaving just the secondary lightcurve from the
elongation of the satellite.
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This lightcurve evolution, producing both mutual events, which
eventually vanished, and what we deduce as the secondary’s own
rotation, allows us to determine both the secondary’s orbital period
and the secondary’s rotational period. These values appear to be
synchronous, i.e., the satellite’s orbital period matches its
19.666 + 0.004 h rotation. The satellite-to-primary effective
diameter ratio is Ds/Dp > 0.29 + 0.03.

Looking ahead, the 2026 July (16.9, +22°) is the next good chance
for observations. However, the asteroid will be embedded in the
galactic bulge at that time.
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Analysis of CCD photometric observations of seven
asteroids from 2022 March to June at the Center for Solar
System Studies indicate that, by virtue of a suspected or
distinct second period, they are either suspected or
confirmed binary asteroids.

CCD photometric observations of five near-Earth and two inner
main-belt asteroids were made at the Center for Solar System
Studies from 2022 March to June. Each one is considered to be a
suspected or confirmed binary asteroid. This is based on there being
a sufficiently distinct secondary period, even if it might be a simple
harmonic of the primary period.

The observations were made with a 0.35-m Schmidt-Cassegrain and
either an FLI Proline or Microline CCD camera as well as a 0.40-m
Schmidt-Cassegrain with FLI Proline CCD camera. All cameras use
a KAF-1001E chip, which has a pixel array of 1024x1024x24p.
The field-of-view and image scale were about 26x26 arcminutes
and 1.5 arcsec/pixel, respectively, for the 0.35-m telescopes. The
0.4-m values were 20x20 arcminutes and 1.2 arcsec/pixel.

All lightcurve observations were unfiltered or with a clear filter,
even though the clear filter can cause a 0.1-0.3 mag loss. The
exposures varied depending on the asteroid’s brightness and sky
motion. Whether guiding on a field star or not, sometimes the
asteroid was trailed on the image.

Measurements were made using MPO Canopus. The Comp Star
Selector utility in MPO Canopus found up to five comparison stars
of near solar-color for differential photometry. To reduce the
number of adjusted nightly zero points and their amounts, the
analysis of the data used the ATLAS catalog r" (SR) magnitudes
(Tonry et al., 2018). The rare zero-point adjustments of
>+0.03 mag may be related to using unfiltered/clear observations,
poor centroiding of the reference stars, not correcting for second-
order extinction, or selecting a comp star that is an unresolved pair.

The Y-axis values are ATLAS SR “sky” (catalog) magnitudes. The
two values in the parentheses are the phase angle (a) and the value
of G used to normalize the data to the comparison stars used in the
earliest session. This, in effect, corrected all the observations to
appear that they were made at a single fixed date/time and phase
angle, presumably leaving any variations due only to the asteroid’s
rotation and/or albedo changes. The X-axis shows rotational phase

from -0.05 to 1.05. If the plot includes the amplitude, e.g., “Amp:
0.65”, this is the amplitude of the Fourier model curve and not
necessarily the adopted amplitude for the lightcurve.

References to previous works were taken from the asteroid
lightcurve database (Warner et al., 2009), known as “LCDB” from
here on. Since most listed rotation periods for the primary were very
similar, only a few of the LCDB references have been used.

2778 Tangshan. We observed this inner main-belt asteroid twice
before (Warner, 2004; Stephens and Warner, 2019). Behrend
(2018web) found a period of 3.457 h, which is in good agreement
with our earlier results of 3.461 h and 3.468 h, respectively.
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The 2020 observations led to a dominant period of 3.4607 h, in
keeping with the previous results. However, unlike previous years,
they also appeared to include a secondary period. This was
extracted using the dual-period search of MPO Canopus and found
to be a bimodal lightcurve with a period 27.75 h and amplitude of
0.09 mag. This is within the typical range of for the orbital period
of the satellite in small asteroid binaries (Pravec et al., 2018).

There were no mutual events (occultation/eclipses) so it was not
possible to determine the ratio of the effective diameters of the
satellite versus the primary (Ds/Dp). However, the 0.09 mag
amplitude indicates a nearly spheroidal object (a/c = 1.09) with its
rotation period tidally-locked to the orbital period.

(6455) 1992 HE. The estimated diameter of this NEA is
4.6 km (Mainzer et al., 2019). Based on observations in 2002,
Pravec et al. (2002web) found several synodic periods as the
viewing aspect changed. The average period was about 5.48 h with
amplitudes 4 < 0.13 mag. Observations made by Gaftonyuk and
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Krugly (2004), led to period of 2.736 h, or half that of the Pravec et
al. (2002web) period. Wolters et al. (2005) also observed in 2002
(late September) and found a similar half-period: 2.736 h. The
amplitude of their lightcurve was 0.21 mag. Many other reports in
the LCDB also indicate a period near 2.7 h, including ours from
observations in 2019 (Warner and Stephens, 2020).

When low lightcurve amplitudes are involved, 4 < 0.2 mag and
especially 4 < 0.10 mag, it should not be assumed that a lightcurve
will be bimodal, i.e., two min/max pairs per rotation (Harris et al.,
2014). Even with the larger amplitude from Wolters et al. (2005),
the true period of the asteroid was at least somewhat ambiguous.
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Our 2022 observations also produced a low amplitude primary
lightcurve (0.06 mag). Using a liberal interpretation, our lightcurve
is bimodal that is asymmetrical (minimums at about 0.1 and 0.8
rotation phase). Even so, we found that looking for and finding a
secondary period produced a much “cleaner” primary lightcurve.

The secondary lightcurve is noticeably asymmetrical, which casts
some doubt about the solution since one explanation would be an
unusually eccentric orbit for a satellite. However, the assumed
orbital period is in keeping with those of other small binary
asteroids (Pravec et al., 2018). As with 2778 Tangshan above, the
low amplitude of the secondary lightcurve could imply a nearly
spheroidal satellite and, as with all other asteroids included here, we
highly recommend follow-up observations in the future.

(7889) 1994 LX. The synodic rotation period for the primary of this
NEA is well-established at about 2.74 h, e.g., Warner (2015).
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Our 2022 observations clearly indicated a secondary period in the
data (“NoSub” plot). No listing in the LCDB indicated that the
asteroid is binary and a check with the Johnston binaries web site
(Johnston, 2022web) seemed to confirm that ours are the first
observations to confirm that the asteroid is binary.

It took almost a fortnight to obtain the necessary data to establish
that the asteroid is binary with an orbital period of 45.13 h. It seems
to be comprised of two nearly equal-sized bodies, as indicated by
the two mutual events differing by only 0.01 mag amplitude. The
lesser amplitude of 0.11 mag gives an effective secondary-primary
diameter ratio of Ds/Dp > 0.33 £+ 0.02.
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9509 Amfortas. The only previous period listed in the LCDB was
ours (Stephens and Warner, 2020), which was 3.996 h with a
lightcurve amplitude of 0.07 mag. Our 2022 observations were of
similar quality: error bars near the amplitude of the lightcurve. Our
analysis found a dominant period of 3.849 h, significantly different
from the previous result, as well as a secondary period.
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The signal for the secondary period is somewhat weak. The greatest
concern is that P2:P] = 3.03, or nearly an integral ratio. This is
followed by the distinct asymmetry of the primary lightcurve. The
true nature of this asteroid may be found only with additional
observations at future apparitions at usefully different phase angle
bisector longitudes and/or phase angles.

(85628) 1998 KV2. This is a known binary discovered at CS3 in
2020 (Warner et al., 2020a, 2020b; Pravec et al., 2020web).

T T T T T T T T T T T

woE (85628) 1998 KV2 P1-

16.95 - Period: 2.8231 + 0.0002 h Amp: 0.15 ]
317.00 - —
S17.05[ .
01710} -
21745 -
]
g1720f .
17251 -
4
0 17.30 | -
T17.35| -
£17.40 |- Year:2022 ¢ 20140-04/07 | |
L} ¢ 20124 -03/30 m 20144 - 04/08
=745 + 20125 -04/02 @ 20150 -04/09 | |

17.50 |- A 20130-04/04 Vv 20155-04/14 | _|

4 20133 -04/05 @ 20161 -04/21
W 20136 - 04/06 — 6th Order
JDo(LTC): 2459668.926666
| 1 1 1 1 1 1 1 1 1 1

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

T T T T T T T
030} (85628) 1998 KV2 P2 -
-0.25 |- Period: 21.16 £ 0.02 h Amp: 0.09 -
5-0.20 -
S-045| i
o
& -0.10 |- B
& -0.05 -
< 0.00 g
z
@ 0.05 |- B
$ 010 |- -
2
S 015 -
o Year: 2022 + 20140 - 04/07
= 0.20 - # 20124-03/30 m 20144 -04/08 ||
+ 20125-04/02 @ 20150 - 04/09
0.25 - A 20130-04/04 v 20155 -04/14 |
+ 20133-04/05 @ 20161 - 04721
0.30 W 20136 -04/06 — 6th Order G

_JDO(II.TC):12459J671.9171377| | | , , [
|l
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

Our 2020 observations indicated Ds/Dp > 0.28 + 0.02 based on
event amplitudes of 0.08 and 0.13 mag. In 2022, they were 0.05 and
0.06 mag, giving Ds/Dp > 0.22 +0.02 and indicating a significantly
different viewing aspect of the binary orbit. The orbital periods
derived from data analysis in 2020 and 2022 are statistically the
same. The changes in the events should prove useful for modeling
the system at some point.

(377732) 2005 XJ8. Vaduvescu et al. (2017) reported a very short
period of 0.132 h (7.92 min). Keeping this mind, our initial
exposures were kept short to avoid what can be called “rotational
smearing,” as explained by Pravec et al. (2000). In short, exposures
must be no longer than 0.185 * P (the rotational period). Otherwise,
lightcurve features will blend into one another and so make it hard,
if not impossible, to find the true period.
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It became clear after the first session that a very short period was
unlikely and so exposure times were increased. As more data were
obtained, it was apparent that the period was tens of hours.
Furthermore, the growing lightcurve showed distinct signs of a
second period (“NoSub” plot).

Our final data set covered nine out of ten nights from 2022 June 21
to 29. Dual-period analysis of the data with MPO Canopus found a
primary period of P; = 42.89 h and a strong, but ambiguous,
secondary period (“P2 period spectrum”). We have adopted
P> = 9396 h because 1) it is likely, but not certain, that the
lightcurve should be bimodal (Harris et al., 2014) and 2) a split-
halves plot (Harris et al., 2014) shows a distinct asymmetry of the
halves at the adopted period and too much symmetry for the
doubled period.

As to the physical cause of the second period, one possibility is that
the asteroid is a very wide binary (Warner and Stephens, 2019; and
references therein). This is a system where the primary has spun
down to a long period as the secondary “stole” rotational angular
momentum, converting it to orbital angular momentum to migrate
outward. (Angular momentum is conserved.) Usually, the
secondary period is in the range of 2-4 hours, but it can be much
longer. The two periods here are within the ranges seen so far in
very wide binary candidates.

(475665) 2006 VY13. Our previous observations in 2017 (Warner,
2017) were split into two sets: one centered on early April and the
other on early June. The first set gave a synodic period
P =17.507 h and amplitude 1.39 mag at phase a phase angle of 32°.
The second set, at phase angle 14°, had a longer sideral period
(17.544 h) and smaller amplitude (0.89 mag). There were no signs
of a satellite. Monteiro et al. (2018) found 17.545 h based on
observations in 2012.
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The decrease in amplitude in 2017 as the phase angle decreased is
expected behavior (Zappala et al., 1990). In the meantime, the phase
angle bisector longitude (Harris et al., 1984) in 2017 was
decreasing as the asteroid approached opposition (minimum phase
angle); this implies a retrograde rotation for the asteroid (Alan
Harris, private communications).

The P1 lightcurve was made considerably better (lower RMS) by
finding and subtracting a second period. As with 9509 Amfortas, if
the secondary lightcurve was more certain (and longer in this case),
it would look similar to one of a satellite displaying mutual events.
However, also as with 9509 Amfortas, the secondary period is very
close to a 3:1 ratio with the primary period. Observations at future
apparitions are needed to define the true nature of the asteroid.
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Number Name 2022 mm/dd Phase Lpag  Bpas Period(h) P.E. Amp A.E. Grp/Dr
2778 Tangshan 03/30-04/09 9.5,13.4 176 5 3.4607 0.0002 0.30 0.01 MB-I
27.75 0.03 0.09 0.01 UD
6455 1992 HE 04/06-04/25 19.8,28.6 178 21 2.7346 0.0003 0.06 0.01 NEA
17.58 0.01 0.06 0.01 UD
7889 1994 LX 06/01-06/13 44.6,42.5 222 48 2.74001 0.00007 0.33 0.02 NEA
45.13 0.08 0.15 0.01 0.33
9509 Amfortas 05/27-06/08 14.8,20.1 225 7 3.849 0.001 0.10 0.01 MB-I
11.67 0.02 0.13 0.02 UD
85628 1998 KV2 03/30-04/21 31.9,16.4 211 19 2.8231 0.0002 0.15 0.02 NEA
21.16 0.02 0.09 0.01 0.22
377732 2005 XJ8 06/24-06/29 34.3,16.3 301 8 42.89 0.03 0.90 0.03 NEA
9.396 0.004 0.19 0.03 UD
475665 2006 VY13 04/29-05/02 17.6,15.3 234 9 17.52 0.01 0.94 0.03 NEA
5.95 0.01 0.15 0.02 UD
Table II. Observing circumstances. The first line for an asteroid gives the primary or dominant period. The second line gives the secondary
period. The phase angle (o) is given at the start and end of each date range. Lrag and Bpag are, respectively the average phase angle bisector
longitude and latitude (see Harris et al.,1984). For the Grp/Dr column, the first line gives the group/family: MB-I: inner main-belt, PHO:
Phocaea; NEA: near-Earth asteroid. The code “UD” on the second line in the Grp/Dr column means “undetermined,” primarily because there
were no mutual events. Otherwise, the value is the ratio of the secondary-to-primary effective diameters.

This paper made use of the services provided by the SAO/NASA
Astrophysics Data System, which is operated by the Smithsonian
Astrophysical Observatory under NASA Cooperative Agreement
8ONSSC211M0056.
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LIGHTCURVES FOR
THREE KORONIS FAMILY ASTEROIDS
FROM THE UNION COLLEGE OBSERVATORY
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Department of Physics and Astronomy, Union College
807 Union St., Schenectady, NY 12308
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We present lightcurves for Koronis family asteroids (243)
Ida, (321) Florentina, and (2713) Luxembourg. All had
periods consistent with previously reported values and
showed classic doubly-periodic lightcurves.

At the Union College Observatory we have undertaken a program
to observe rotation lightcurves of Koronis family asteroids in
support of determining spin vectors and shape models (Kaasalainen
et al., 2001; Slivan et al., 2003). Members of this family (named for
its lowest numbered member (158) Koronis) are believed to share a
common progenitor which was broken up in a collision long ago;
thus, they share similar orbits in the outer asteroid belt and similar
S-type spectral characteristics. Long-term interaction with solar
radiation via the YORP effect has modified members' spin
properties (Slivan, 2002; Vokrouhlicky et al, 2003), and
determination of spin vectors for a sufficiently large sample of
Koronis members may shed light on YORP-driven evolution in the
solar system.

We have obtained lightcurves for three Koronis Family asteroids
using observations at the Union College Observatory during
2018-2019. This represents the first published asteroid data from
the Union College Observatory. Target selection and ephemerides
were based upon the Koronis family asteroids web tool (Slivan,
2003). The three selected objects for our first study were chosen
because they have well-established short periods and large enough
amplitudes. All observations were conducted at the 0.51-m Optical
Guidance Systems /8.1 Ritchey-Chrétien telescope using an SBIG
STXL 11002 CCD camera, cooled to -30°C, with an Astrodon
Bessel R filter. The detector has 4008 x 2672 9um square pixels.
With 2x2 binning, the pixel scale is 0.93 "/pix and the field of view
is 30'x20".

Bias, dark, flat field corrections and subsequent photometry were
performed in AstrolmageJ software (Collins et al., 2017). We
corrected for light travel time for all three targets using ephemerides
from the NASA Horizons website.

(243) 1da has the distinction in that it is only the second asteroid to
have been photographed at close range by a spacecraft. On 1993
Aug 28 NASA's Galileo flew by Ida at a distance of roughly 1,500
miles on its way to Jupiter. Its sidereal period was determined to be
4.633632 + 0.000007 h (Binzel et al., 1993) using pre-Galileo
observations. Because the pre-encounter analysis was based upon 9
years of observations and the flyby extended this by only three
months, the Galileo spacecraft trajectory was not well-suited to

Number Name yyyy mm/dd Phase Lpag Bpas Period(h) P.E. Amp A.E. Grp
243 Ida 2019 9/18 6.9 338 0 4.67 0.04 0.76 0.04 KOR
321 Florentina 2019 10/24-11/4 19.1,17.0 86 2 2.8708 0.0003 0.35 0.03 KOR
2713 Luxembourg 2018 12/05-12/11 5.6,7.9 59 2 3.581 0.002 0.53 0.05 KOR

Table I. Observing circumstances and results. The phase angle is given for the first and last date. Lpag and Bpag are the approximate phase
angle bisector longitude/latitude at mid-date range. Grp is the asteroid family/group.
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refinement of that period (Davies et al., 1996). Given the years since
the intense study of the 1990s, new observations of the object may
prove useful for this purpose. The single-night lightcurve from
Union College Observatory yields a rotation period of 4.67 + 0.04
h, which is consistent with published periods. We obtain an
amplitude of 0.76 + 0.04 mag.
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(321) Florentina has a sidereal rotation period of 2.87086579 +
0.00000019 h determined by Slivan et al. (2003), who also reported
a spin pole and shape model. We observed this object on 2019 Oct
23 and 2019 Nov 3. We determined a period of 2.8708 = 0.0003 h,
consistent with previously-reported values, and amplitude
0.35 £ 0.03 mag.
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(2713) Luxembourg. A complete lightcurve and unambiguous
period of P=3.579 £ 0.002 h were presented by Mailhot and Midkiff
(2014). They remarked that the relative brightness of the minima
changed noticeably over the range of solar phase angle observed.
We observed Luxembourg two nights in 2018 Dec. The magnitude
values of Dec 11 were shifted visually for a self-consistent
composite by a constant offset relative to those of Dec 5. Our best-
fit period of 3.581 + 0.002 h is in agreement with that of Mailhot
and Midkiff. Amplitude was 0.53 + 0.05 mag for Luxembourg in
Dec 2018.
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CCD photometric observations of four Hilda asteroids
were made at the Center for Solar System Studies
between 2022 March and May. Of those, 3561 Devine
and 8551 Daitarabochi had distinct secondary periods.

CCD photometric observations of four Hilda asteroid were carried
out at the Center for Solar System Studies (CS3) from 2022 March-
May as part of an ongoing study of the family/group that is located
between the outer main-belt and Jupiter Trojans in a 3:2 orbital
resonance with Jupiter. The goal is to determine the spin rate
statistics of the Hildas and to find pole and shape models when
possible. We also look to examine the degree of influence that the
YORP (Yarkovsky-O'Keefe-Radzievskii-Paddack) effect
(Rubincam, 2000) has on distant objects and to compare the spin
rate distribution against the Jupiter Trojans, which can provide
evidence that the Hildas are more “comet-like” than main-belt
asteroids.

Cameras
FLI Microline 1001E
FLI Proline 1001E
SBIG STL-1001E

Telescopes
0.30-m £/6.3 Schmidt-Cass
0.35-m /9.1 Schmidt-Cass
0.35-m /11 Schmidt-Cass
0
0

.40-m £/10 Schmidt-Cass
.50-m f/8.1 Ritchey-Chrétien

Table I. List of available telescopes and CCD cameras at CS3. The
exact combination for each telescope/camera pair can vary due to
maintenance or specific needs.

Table I lists the telescopes and CCD cameras that are available to
make observations. All the cameras use CCD chips from the KAF
1001 blue-enhanced family and so have essentially the same
response. The pixel scales ranged from 1.24-1.60 arcsec/pixel. All
lightcurve observations were unfiltered or with a clear filter, even
though the latter can result in a 0.1-0.3 magnitude loss. The
exposures varied depending on the asteroid’s brightness.

To reduce the number of times and amounts of adjusting nightly
zero-points, the ATLAS catalog r (SR) magnitudes (Tonry et al.,
2018) are used. Those adjustments are usually < +0.03 mag. The
rare greater corrections may have been related in part to using
unfiltered observations, poor centroiding of the reference stars, and
not correcting for second-order extinction. Another cause may be
selecting what appears to be a single star but is actually an
unresolved pair.

The Y-axis values are ATLAS SR “sky” (catalog) magnitudes. The
two values in the parentheses are the phase angle (a) and the value
of G used to normalize the data to the comparison stars used in the
earliest session. This, in effect, made all the observations seem to
be made at a single fixed date/time and phase angle, leaving any
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variations presumably due only to the asteroid’s rotation and/or
albedo variations. The X-axis shows rotational phase from -0.05 to
1.05. If the plot includes the amplitude, e.g., “Amp: 0.65”, this is
the amplitude of the Fourier model curve and not necessarily the
adopted amplitude for the lightcurve.

For brevity, only some of the previous results are referenced. A
more complete listing is in the asteroid lightcurve database (Warner
et al, 2009; “LCDB” from here on).

2067 Aksnes. Dahlgren et al. (1998) reported a period of 17.75 h
and amplitude of 0.24 mag. From observations in 2021, we (Warner
and Stephens, 2021) found a similar period of 17.677 h and an
identical amplitude. Our 2022 results are consistent with the
previous results. We note the unusual shape of the lightcurve.
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3561 Devine. Our previous results include Stephens (2016;
4.376 h), Warner et al. (2018; 9.61 h), and Warner et al. (2021;
4.7985 h). In very sharp contrast, Pal et al. (2020) reported a period
of 108.068 h using data from TESS. Reviewing their frequency
spectrum, there were much less prominent solutions at 3.077 h,
3.840 h, and 4.948 h, the last being somewhat close to our 2021
result.

Our 2022 observations unexpectedly showed a primary period of
39.16 h and a secondary period of 16.038 h that were found with
the dual-period search in MPO Canopus. Those two periods do not
have a simple integer ratio, which helps remove the possibility, but
not completely, that they are harmonically related. On the other
hand, the Pél et al. and our primary period have a close to 11:4 ratio
(11.039). Allowing for uncertainties in one or both periods, it’s
possible that two are harmonically tied to one another.
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Given the shape of the P2 lightcurve, it seems unlikely that it is due
to a satellite. Instead, it may be one of the byproducts of MPO
Canopus doing what it not designed to do: find the periods of
rotation and precession of a tumbling asteroid. The most optimistic
estimate of the tumbling damping time for the asteroid (0.2 Gyr)
requires a period of 101 h (Pravec et al., 2014; 2005), which is close
to the period from Pal et al. (2020). Future observations are highly
recommended.

8551 Daitarabochi. Our previous result of P = 6.62 h (Warner et al.,
2018) was the only one listed in the LCDB. The results from the
2022 data are dramatically different, the most significant being a
much longer dominate period and finding a secondary period.
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As with 3561 Devine, there were two distinct periods extracted
from the data, the periods don’t have a simple integral ratio, and the
secondary period is unlikely due to a satellite. “More Data!”

A side note: the data from the first night, March 30, were
inexplicably 0.7 mag too bright even after confirming that SR
magnitudes were being used and the asteroid correctly identified.
As aresult, the data were not used in period analysis since they were
an obvious outlier compared to the rest of the data set, even if
considering the possibility of tumbling.

8743 Keneke. Pal et al. (2020) found a period of 99.3073 h. In our
previous work (Warner and Stephens, 2021), we found a period of
46.74 h based on 2021 observations and, after remeasuring the
original images from 2016, a revised period of 63.7 h. Instead of
our 2022 data analysis removing ambiguities it only added to them.

The period spectrum indicates several possible solutions, including
some close to those in Warner and Stephens (2021). None of the
four periods given here has a simple integer period ratio with the
other three.
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Number Name 2022/mm/dd Phase Lpas Bras Period(h) P.E. Amp A.E.
2067 Aksnes 04/05-04/18 15.2,16.3 137 0 17.647 0.003 0.21 0.02
3561 Devine 04/05-04/28 3.5,8.3 189 11 39.16 0.02 0.21 0.02

16.038 0.005 0.09 0.01
8551 Daitarabochi 03/30-04/25 4.1,8.9 179 12 57.48 0.03 0.52 0.02
22.08 0.01 0.19 0.02
8743 Keneke 05/04-05/31 8.1,13.3 201 16 32.18 0.02 0.14 0.02

Table Il. Observing circumstances and results. The phase angle () is given at the start and end of each date range. The asterisk indicates
that the phase angle reached an extremum over the span of the observations. Lpag and Bpag are the average phase angle bisector longitude

and latitude (see Harris et al., 1984).
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Rotational periods of four Mars-crossing asteroids (MCs)
were determined from lightcurves acquired at the
Observatorio Astrondmico do Sertdo de Itaparica (MPC
Y28, OASI) between 2020 July to 2021 October.

CCD photometric observations of four Mars-crossers were made at
the Observatorio Astronomico do Sertdo de Itaparica (MPC code
Y28) between 2020 July and 2021 October. Images were obtained
with the 1.0-m f/8 telescope of the IMPACTON project and an FLI
PL424 CCD camera (2048x2048 pixels) set to 2x2 binning
(Rondoén et al., 2020) and Johnson-Cousins R filter. The raw images
were calibrated with dark and flat frames. MPO Canopus (Warner,
2017) was used for magnitude measurement, Fourier analysis
(Harris et al., 1989), and to produce the final lightcurve.

The observational circumstances for each observed object are given
in Table I along with the results, which are discussed individually
below. The phased rotational lightcurve and the periodogram are
shown for each object.

(27995) 1997 WL2. The only previously reported rotational period
in the LCDB (Warner et al. 2009) for this small Solar System body
is from Behrend et al. (2021web), who reported a period of
9.229 + 0.001 h with 0.49 mag amplitude. Our results used
observations from 2021 May and June and showed a period of
9.235 + 0.001 h with an amplitude of 0.50 mag. The resulting
two-peaked lightcurve is consistent with the previously published
value both in period and amplitude.
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(46780) 1998 HHS2. One previously reported period in the LCDB
for this Mars-crosser (Pravec et al., 202I1web) showed
P =3.6122 £ 0.0008 h and amplitude 0.09 mag. Our observations
from 2021 November 12, 13, and 14 best fit a rotational period
of 3.611 + 0.002 h and an amplitude of 0.13 mag. Our result is
in concordance with the one previously reported.
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(61343) 2000 PCS5. A search in the Asteroid Lightcurve Photometry
Database did not find any previously reported result for this
asteroid. It was possible to derive a rotational period of
2.828 + 0.002 h from observations acquired on 2020 June 27 and
28. The lightcurve has an amplitude of 0.24 mag and displays two
maxima and two minima per rotational cycle.
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Number Name yyyy mm/dd Phase Lpas Bpas Period(h) P.E. Amp A.E.
27995 1997 WL2 2021 05/08-06/10 *2.0,20.7 229 2 9.235 0.001 0.50 0.02
46780 1998 HH52 2021 10/12-10/14 17.0 40 0 3.611 0.002 0.13 0.01
61343 2000 PC5 2020 07/27-07/28 8.0 295 -1 2.828 0.002 0.24 0.01
351068 2003 TS13 2020 11/16-12/16 *3.0,15.0 58 -1 14.010 0.005 0.44 0.02

Table |. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Lpag and Bpag are the approximate phase angle bisector longitude/latitude at mid-date range (see

Harris et al., 1984).
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(351068) 2003 TS13. A search in the LCDB (Warner et al., 2009)
did not find any previously reported period for this object. Our
analysis using the photometric observations carried over several
nights in 2020 November and December indicate a possible period
0f 14.010 £ 0.005 h with an amplitude of 0.44 h.

" (351068) 2003 TS13
030 Period: 14.010 £ 0.005 !1 Amp: 0.44

025
020 :
-0.15}- o 3 ]
010}
-0.05|-

0.00

Reduced Magnitude(R) alpha(3.5°)

0.05] Year: 2020) 1
| 71-11/09

0.10- *72-11116 g
73-1116

0.151- ® 74-11116 e
AT75-11116

L v 76-1117 A
020 * 77-1117
+78-11118

0.25- #*79-11/22 b
H 80-12/16

0.30- — 3rd Order 1

JDo(LTC): 2459162.572837
I I I L ! I I I I I I
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

.l (351068) 2003 TS13

RMS error (x 0.01 ma
I

Period (hours)
10 15 20 25 30 35 40 45 50

The true period might be about 28 h, or double our result; the
periodogram shows a second RMS minima between 25 and 30 h. It
was not possible to follow this Mars-crosser long enough to derive
a “full” bimodal lightcurve, so our result is based on the best fit to
a monomodal lightcurve.
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CCD photometry of 11 near-Earth asteroids (NEAs)
obtained at the Center for Solar System Studies (CS3) in
2022 March to June were analyzed for rotation period,
peak-to-peak amplitude, and signs of satellites or
tumbling. While there were no signs of any of the
asteroids being binary, seven of them are suspected
tumblers: (10302) 1989 ML, (100756) 1998 FMS5,
(163692) 2003 CY18, (388945) 2008 TZ3, (464798)
2004 JX20, and 2018 X V5.

CCD photometric observations of 11 near-Earth asteroids (NEAs)
were made at the Center for Solar System Studies (CS3) in 2022
March to June. Seven of the set were found to be tumbling, though
the true periods of rotation and precession could not be determined.

Table I lists the telescopes and CCD cameras that were available to
make observations. All the cameras use a KAF-1001E blue-
enhanced CCD and so have essentially the same response. The pixel
scales ranged from 1.24-1.60 arcsec/pixel.

Telescopes Cameras

0.30-m 710 Schmidt-Cass
0.35-m £79.1 Schmidt-Cass
0.40-m £710 Schmidt-Cass
0.40-m 710 Schmidt-Cass
0.50-m f78.1 Ritchey-Chrétien
Table |. List of telescopes and CCD cameras at CS3 used for this
paper. The exact combination for each telescope/camera pair is
chosen to meet specific needs.

FLI Microline 1001E
FLI Proline 1001E
SBIG STL-1001E

All lightcurve observations were unfiltered or with a clear filter,
even though the latter can cause a 0.1-0.3 mag loss. The exposure
duration varied depending on the asteroid’s brightness and sky
motion. Not all images were guided. Regardless, sometimes the
asteroid was trailed on the image. In those cases, elliptical apertures
were used to increase the target’s SNR during measuring.

Measurements were made using MPO Canopus. The Comp Star
Selector utility in MPO Canopus found up to five comparison stars
of near solar-color for differential photometry. To reduce the
number of times and amounts of adjusting nightly zero points, we
use the ATLAS catalog r” (SR) magnitudes (Tonry et al., 2018).
Those adjustments are usually |[Amag| < 0.03. The rare larger
corrections may have been due in part to using unfiltered
observations, poor centroiding of the target and stars, not correcting
for second-order extinction, and/or selecting what appears to be a
single star but is actually an unresolved pair.

The Y-axis values are ATLAS SR “sky” (catalog) magnitudes. The
two values in the parentheses are the phase angle (a) and the value
of G used to normalize the data to the comparison stars used in the
earliest session. This, in effect, corrects all the observations to seem
to have been made at a single fixed date/time and phase angle,
presumably leaving any variations due only to the asteroid’s
rotation and/or albedo changes. The X-axis shows rotational phase
from -0.05 to 1.05. If the plot includes the amplitude, e.g., “Amp:
0.65”, this is the amplitude of the Fourier model curve and not
necessarily the adopted amplitude for the lightcurve.

“LCDB?” substitutes for “Warner et al. (2009)” from here on.

4055 Magellan. Pravec et al. (2000web) first reported a period of
7.475 h based on observations made in 2000. Several other results
were obtained over the years and listed in the LCDB, including two
of our previous efforts (Warner, 2015b; 2017). All entries had
periods close to 7.50 h, save Warner (2014), who reported 6.384 h.
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6569 Ondaatje. Pravec et al. (1996) found a period of 5.959 h and
amplitude of 0.98 mag. We (Warner and Stephens, 2020b) faced a
highly symmetrical lightcurve with 0.92 mag amplitude based on
our 2020 observations that had one of two periods: 5.295 h or
5.956 h, which happened to be 0.5 rotations difference per 24 hours.
We adopted the shorter period for its slightly lower RMS, but that
now seems to be incorrect. Our latest results reinforce a period near
5.96 h with no ambiguity because of the asymmetrical lightcurve.
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(8566) 1996 EN. The only previously reported period in the LCDB
was ours of 4.849 h (Warner and Stephens, 2020a) based on data
from 2020. The analysis of the 2022 data gave a similar value,
P = 4.80 h. The slight difference is probably due to the lower
amplitude (0.15 vs. 0.20 mag) and amount of available data.
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(10302) 1989 ML. Pravec et al. (2019web) found a period of
19.164 h and indications that the asteroid is tumbling. Our 2022
observations support both conclusions.
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Pravec et al. (2019web) can analyze tumbling asteroids properly
(Pravec et al., 2005; 2014). MPO Canopus cannot. Even so, we used
it to extract the dominant period and two others that, when
subtracted from the full data set, allowed a good fit to a bimodal
lightcurve with P; = 19.228 h. The other periods, P> =20.46 h and
P3; =18.90 h, are unlikely to have a direct physical cause but are,
instead, artifacts of holding two periods constant while searching
for a third. Proper analysis would have two periods solved
simultaneously.
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(25916) 2001 CP44. Rare within this work is found a simple
lightcurve with easily determined period. This NEA was one of
those rare occurrences. There are numerous entries in the LCDB
with a period near 4.6 h. Our latest results are in good agreement.
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(66251) 1999 GJ2. Pravec et al. (2005web) first reported a period
of 2.4621 h. Polishook (2012) found a somewhat reliable solution
of 2.50 h. In 2020 (Warner and Stephens, 2020b) determined a
period of 50.9 h, but this was based on a data set where the error
bars were comparable to the amplitude (0.14 mag) of the lightcurve.
Our result from 2022, P = 2.573 h, is in alignment with previous
results, but not perfectly so since it’s 0.07 to 0.11 h longer. What’s
more is that the doubled period (~5.14 h; bimodal lightcurve),
cannot be formally excluded (Harris et al., 2014).
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(100756) 1998 FMS. Pravec et al. (1998web) reported a period of
6.35 h based on data obtained in 1998.We observed the asteroid in
2014 (Warner, 2015a) and found a similar result of 6.369 h.
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The 2022 data set led to a dominant period of about 6.36 h, but as
with many others in this work, would not resolve to a single period.
In the end, periods of P> =33.6 h and P; = 2.54 h were required to
get a clear dominant period of P; = 6.359 h. As mentioned before,
these are probably the artifacts of an improperly executed dual-
period search on a tumbling asteroid.

(163692) 2003 CY18. This appears to be the first reported rotation
period for 2003 CY18. We were again faced with a data set that
could not be properly analyzed because the asteroid appears to be
tumbling. The “NoSub” plot clearly shows that a single-period
solution does not work. After many trial solutions and iterations of
holding two periods constant to find a third, we found a good fit to

a dominant period of P; =27.66 h.
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be about half the second period found by Pravec et al. (2019web;
2020web). Our final periods, 17.04 h and 9.15 h, are the best we
could find but they are far from being in agreement with earlier
results.
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(388945) 2008 TZ3. Pravec et al. (2019web; 2020web) determined
that this is a tumbling asteroid with a dominant period of 39.15 h in
both cases and a second period of 34.11 h (2019) or 34.16 h (2020).
It’s rated -3 on the tumbling scale (Pravec et al., 2005), meaning
that the solution is considered secure.

In 2016 (Warner, 2016), we suspected that the asteroid was
tumbling when we found periods of 44.2 h and 52.4 h. These have
no simple relation to the periods from Pravec et al. (2019web;
2020web). The results from our 2022 observations are even more
divergent. The “NoSub” lightcurve shows some deviations from a
single period solution, but not so much that the final result would
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(464798) 2004 JX20. We observed this asteroid in 2016 (Warner,
2016) and found a single period of 36 + 1 h. There was reasonable
reason to believe that it was tumbling but a second period could not
be found. Skiff (2019web) also had sufficient reason to suspect
tumbling and reported periods of 10.758 h and 9.24 h. Then came
our 2022 observations. These also indicate tumbling but with
periods dissimilar to those reported before.
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2018 XV5. There were no previously reported rotation periods for
this NEA. We had a relatively sparse data set on which to do
analysis, so our results have more than the usual uncertainty.

The “Single-Period” lightcurve clearly shows that trying to find
one, even with more data, would probably be to no avail. As
described previously, we attempted to extract one or two periods
that, when subtracted from the data set, would at least give a good
fit to a dominant period. We were able to do this. However, once
again, the two additional periods are more likely due to the inability
of MPO Canopus to properly handle a dual-period search on a
tumbling asteroid. Regardless, it’s intriguing that P> and P3, are
close to one another and that the P3 lightcurve would be a welcome
single-period solution under other circumstances.
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Number Name 2022/mm/dd Phase Lpas Bras Period(h) P.E. Amp A.E.
4055 Magellan 03/30-04/04 9.3,12.0 177 10 7.501 0.003 0.45 0.03
6569 Ondaatje 05/19-05/22 41.0,41.3 230 39 5.96 0.01 0.89 0.03
8566 1996 EN 03/24-03/25 36.4,37.4 187 34 4.80 0.01 0.15 0.02
10302 1989 ML 06/02-06/15 22.0,24.6 250 11 719.228 0.002 1.15 0.03

20.46 0.01 0.35 0.04
18.90 0.02 0.15 0.04

25916 2001 CP44 03/24-03/25 18.5,18.3 206 21 4.59 0.01 0.25 0.02
66251 1999 GJ2 06/21-06/26 27.8,30.5 267 21 2.573 0.002 0.11 0.02

100756 1998 FM5 04/29-05/02 13.8,13.0 225 15 6.359 0.001 0.82 0.03

33.3 0.2 0.20 0.03

2.54 0.01 0.08 0.01

163692 2003 CY18 04/29-05/05 37.1,44.2 219 27 27.66 0.01 1.22 0.05
16.38 0.01 0.41 0.04

15.73 0.02 0.19 0.03

388945 2008 TZ3 04/29-05/02 42.6,47.4 196 8 17.04 0.02 0.59 0.03
9,15 0.01 0.16 0.02

464798 2004 JX20 05/23-05/31 52.9,43.8 252 30 T16.34 0.01 0.63 0.03
19.15 0.01 0.34 0.05

2018 XV5 06/09-06/16 48.2,57.3 256 37 779.64 0.08 1.25 0.10

15,19 0.01 0.40 0.03

15.85 0.01 0.25 0.03

Table Il. Observing circumstances and results. The phase angle (a) is given at the start and end of each date range. Lpag and Bpag are the

average phase angle bisector longitude and latitude (see Harris et al., 1984). If more than one line for an asteroid, the first line gives the

dominant solution and has a T superscript. Subsequent lines are additional, not alternate, periods. See the text for more details.
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Lightcurves and amplitudes for seven near-Earth
asteroids observed from Great Shefford Observatory
during close approaches between 2022 April and June are
reported. Four are superfast rotators with periods
P <1 minute. The effects of lightcurve smoothing due to
an inappropriately chosen exposure length are modelled
for 2022 JL.

Photometric observations of near-Earth asteroids during close
approaches to Earth between 2022 April and June were made at
Great Shefford Observatory using a 0.40-m Schmidt-Cassegrain
and Apogee Alta U47+ CCD camera. All observations were made
unfiltered and with the telescope operating with a focal reducer at
f16. The 1Kx1K, 13-micron CCD was binned 2x2 resulting in an
image scale of 2.16 arc seconds/pixel. All the images were
calibrated with dark and flat frames and Astrometrica (Raab, 2018)
was used to measure photometry using APASS Johnson V band
data from the UCAC4 catalogue (Zacharias et al., 2013). MPO
Canopus (Warner, 2022), incorporating the Fourier algorithm
developed by Harris (Harris et al., 1989) was used for lightcurve
analysis.

No previously reported results for any of the objects reported here
have been found in the Asteroid Lightcurve Database (LCDB)
(Warner et al., 2009), from searches via the Astrophysics Data
System (ADS, 2022), or from wider searches unless otherwise
noted. All size estimates are calculated using H values from the
Small-Body Database Lookup (JPL 2022b), using an assumed
albedo for NEAs of 0.2 (LCDB readme.pdf file) and are therefore
uncertain and offered for relative comparison only.

2022 GY2. With H = 21.7 and a Minimum Orbit Intersection
Distance (MOID) from Earth of 0.0011 au = 0.4 Lunar Distances
(LD), this Apollo is classified by the Minor Planet Center as a PHA,
a potentially hazardous asteroid, with an estimated diameter of
~135 m. It was a mag 15 discovery from the ATLAS-HKO,
Haleakala site on 2022 Apr 7 (Serrano et al., 2022) and was
observed over the next three nights, fading from mag +16.2 to +18.0
during that time. Initial measurement of the 2549 usable images
obtained showed variation over several hours. The images were
then stacked using Astrometrica to produce 154 data points, with
each measurement typically combining 16 images. A period
spectrum from continuous observation of 5.9 h on Apr 7, 4.4 h on
Apr 8 and 4.8 h on Apr 9 indicated the lightcurve is probably
bimodal with a period of 9.26 h with the data points covering almost
the entire lightcurve. A quadrimodal solution at 18.5 h also fits the
data but with the limited coverage, is rejected in favour of the
shorter period. The longest effective exposure (At), from start of the
first to the end of the last exposure in any one stack was 10.4
minutes and so At /P = 0.019, indicating that lightcurve smoothing
due to the stacking process is negligible (Pravec et al., 2000).
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2022 HA. This Aten, with an estimated diameter of ~40 m, was
discovered by the ZTF team at Palomar on 2022 Apr 18.37 UTC,
just three hours before a close approach to within 7 LD of Earth
(Bacci et al., 2022a). It was observed for 5.8 h starting at 2022 Apr
18.87 UTC and initial 4 s exposures did not show any significant
variability between consecutive images. With the apparent motion
of 50 arcsec/min, exposures were then lengthened to 10 s and 585
usable images obtained. Although relatively faint at mag +17,
conditions were good and the resulting lightcurve reveals a large
amplitude and rotation period of 19 minutes, meaning that 18
revolutions occurred during the observing session.
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2022 HC. This was a discovery made on 2022 Apr 19.52 UTC by
the 1.05-m Schmidt at the Tokyo-Kiso station, about eight hours
after an approach to 3 LD of Earth (Bacci et al., 2022b). With
H =251, its estimated diameter is ~28 m. Observations were made
on 2022 Apr 19.92 UTC for 78 min when its sky motion was 90
arcsec/min and again on Apr 21.05 UTC for 62 min when sky
motion had decelerated to 30 arcsec/min. Although fading as it
receded from Earth, the 1.2 mag decrease in brightness due to
changing geometry was partially offset by the expected ~0.8 mag
brightening due to the phase angle reducing from 34° to 10°. On
both nights, it was relatively faint, with significant noise in the
measurements, but, especially on the first date, very short-term
magnitude variations were obvious. Exposures were limited to
between 2-6 s on the first date and 8 s on the last. Independent
period spectra from the two dates are given here, together with a
solution combining data from both dates, showing that very similar
periodicities are detected in the data from the two nights.
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Although the lightcurves are very noisy, as expected the amplitude
is seen to decrease as the phase angle reduced. The lightcurve from
the combined nights indicates that the period is 51 seconds and that
91 and 72 revolutions, respectively, would have occurred during the
periods of observation on the two nights.
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2022 JL. Another Apollo, it was discovered at mag +16 by the
Catalina Sky Survey on 2022 May 3 (Melnikov et al., 2022a) just a
few hours past its closest approach to 6 LD. With H = 23.36, it has
an estimated size of ~63 m. Even though receding from Earth, with
increasing elongation from the Sun and decreasing phase angle, its
magnitude peaked about 0.5 mags brighter two days after discovery.
It was observed for 7.5 minutes starting on 2022 May 4.91 UTC to
measure astrometry and with motion of 35 arcsec/min, 72 usable
images were obtained with 4 s exposures. Images were visually
checked for any rapid change in brightness but nothing was
obvious. Exposures were then increased immediately afterwards to
14.3-15 s, for an extended run of 3.3 h to gather images for
photometry. When both set of images were measured it was obvious
that the rotation period was actually very short. The linearly scaled
period spectrum spanning 10 s to 3.6 minutes indicates the best
fitting solution has a rotation period of P =0.014 h (52 s).
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This result implies the exposure length, At, during the photometry
run was long enough to cause significant lightcurve smoothing,
where At/P reached 0.290. The next night provided another
opportunity to observe 2022 JL and this time exposure length was
set at 8 s, where At/P = 0.155 was chosen as a good compromise
between maximising signal to noise ratio (at At/P = 0.185) and
minimising lightcurve smoothing (Pravec et al., 2000). The
resulting lightcurves, from exposure lengths of 4 s, then 14.3-15 s,
both from 2022 May 4.91-5.06 UTC, and finally 8 s from 2022 May
5.95-6.01 UTC, show the effects of lightcurve smoothing on the
shape of the lightcurve due to the different exposure lengths, the
rotation period itself being secure in each analysis. Three
independent phased reductions are given, the first, with At =4 s
shows a small minimum occurring at phase = 0.84 and a third
maximum at phase = 0.94 in what would otherwise be a bimodal
lightcurve, with amplitude 0.32.
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The second set of observations, with At = 14.3-15 s was started by
chance about 8.7 minutes = 10.1 rotations later than the start of the
first lightcurve, so the main features are similarly positioned in the
two phased diagrams. There is no dip at the equivalent point in the
second lightcurve, at phase = 0.75, indeed the Fourier curve shows
a small hump in the overall descent between phase 0.64 and 0.98.
The amplitude is also significantly smaller at 0.17.
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The third phased plot, centred on 2022 May 5.98 UTC, with At =
8 s and with a different zero point for the phased curve, does again
show the small minimum, this time at phase = 0.28 and a small
increase in overall amplitude from the previous lightcurve, at 0.21.
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To model the effects of lightcurve smoothing, the factors fi — f5 that
would be expected to reduce the first five Fourier coefficients of the
true lightcurve for the range of exposures used were calculated and
are listed in Table I, together with the corresponding fraction of the
rotation period.

At At/P fi S S Ja S5

4 0.077  0.99 0.96 0.91 0.85 0.77
8 0.155  0.96 0.85 0.68 0.48 0.27
14.3 0.277  0.88 0.57 0.19  -0.10  -0.21
15 0.290  0.87 0.53 0.14  -0.13  -0.22

Table |. Factors fn reducing the strength of the first five
harmonics in the lightcurve of 2022 JL for exposure length values
of At (seconds) and rotation period of 51.64 s. (see Pravec et al.,
2000).

It can be seen that the factors for At = 14.3 and 15 s are significant,
e.g., for the normally dominant 2" harmonic its strength will be
almost halved, the 3" harmonic reduced to less than 20% of its true
strength and for the 4™ and 5™ harmonics, the factors are negative,
indicating that their contribution to the smoothed lightcurve will be
in the opposite sense of their true value.

Taking the observed At = 4 s curve as the least affected by
smoothing, its calculated Fourier coefficients were adjusted by 1/f
to approximate the true coefficients before smoothing. These were
then reduced using the factors fn for values of At=14.3 and 15.0' s
on the first night and At = 8 s on the second night to produce
estimates of the smoothing of the At = 4 s curve due to the longer
exposure times. The “Calculated smoothing” phased plot for May
4.99 UTC shows Fourier curves taken directly from the MPO
Canopus reductions of the At =4 s measurements (thin black line)
and At = 14.3 — 15 s (dashed red line). Two almost coincident
thicker blue lines are calculated from the At =4 s curve by applying
the factors for At = 14.3 and 15.0 s as described above, simulating
how the At = 4 s curve would appear if the longer exposures had
been used.
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2022 JL Calculated smoothing
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The calculated curve represents the observed lightcurve for At =
14.3-15 s well, including the disappearance of the small minimum
at phase = 0.84 and a reduction in amplitude to 0.15. A similar
phased diagram for May 5.98 UTC shows the equivalent
comparison of the observed curves for At =4 s (thin black line) and
8 s (dotted red line) together with a thick blue line calculated from
the At =4 s curve by applying the factors for At =8 s.
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The At=4 s feature at phase = 0.84 is evident in the calculated curve
but reduced in scale. As expected, the calculated overall amplitude
is reduced due to smoothing, to 0.27, though not as much as the
observed amplitude of 0.21 for the At =8 s curve. However, on that
second night, 2022 JL was at phase angle a = 17.8°, and therefore
the amplitude observed on that date would be expected to be
somewhat smaller than the previous night, when a = 28.1°.

Using the measurements from both nights, the period is further
refined, though the lightcurve shape has extra scatter due to the
different degrees of lightcurve smoothing. Small zero-point
adjustments with an RMS of 0.06 were applied to the 15 MPO
Canopus sessions (for each time the telescope was repositioned), to
reduce the overall scatter.
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time At Flds (h) Period(h) P.E Rotns Amp
4.92 4 72/1 0.12 0.01437 0.00003 8 0.32
4.99 15 630/9 3.34 0.0143456 0.0000007 232 0.17
5.98 8 362/5 1.56 0.014348 0.000001 108 0.21

Table Il. Details of periods of observation of 2022 JL, where Mid-
time is the day in 2022 May (UTC), At is the longest exposure
utilized (seconds), Pts is the number of data points used in the
reduction, Flds is the number of times the telescope was
repositioned to different fields, Span is the time from first to last
measurement used, Rotns is the number of rotations completed
during the Span and Amp is the Amplitude from the Fourier curve

AnrviviAnd fram tha AlheaAaniAatianne

2022 KKS5. This Apollo was another discovery made by the 1.05-m
Schmidt at the Tokyo-Kiso station, first detected on 2022 May
29.56 UTC at mag +17 and less than four hours after an approach
to with 3.5 LD of Earth (Melnikov et al., 2022b). Pre-discovery
astrometry was reported from the Catalina Sky Survey from 2.4
days before and orbit solutions from Sentry (JPL 2022a) list 2022
KKS5 as a virtual impactor with the earliest possible impact
predicted for May 2043 with a probability of 1 in 7,700. It was
observed from Great Shefford on 2022 May 31.96 UTC and 2022
June 1.98 UTC, on both occasions for just over one hour and on
both nights large amplitude magnitude variations were apparent
over a timescale of a few minutes. It had faded by about 0.5 mag on
the second night as it receded from Earth but on both nights was
visible on all images, where exposures ranged from 8 to 16 seconds.
The period spectrum shows the best fit solution has a period of just
under 5 minutes and the lightcurve indicates an amplitude of nearly
1 magnitude. About 13 rotations occurred during the first period of
observation and 14 rotations during the second. Assuming a phase-
relation slope parameter G = 0.15, the absolute magnitude (H)
derived from the solution is 24.87 + 0.19 which implies a diameter
about 10% larger than the ~28 m diameter inferred from the value
of H=25.09 + 0.40 given in the Small-Body Database Lookup (JPL
2022b).
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2022 MP. This Aten was discovered at mag 18 at the ATLAS
Mauna Loa facility on 2022 June 21 (Bacci et al., 2022c¢). It was
observed on 2022 June 21 and June 22 and was seen to show large
magnitude variations in 10s of seconds but was too faint for reliable
photometry. When 2022 MP was next observed, on 2022 June 25,
it was within 0.1 mags of its peak brightness for the apparition at
mag +16.
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2022 mm/ dd Phase Lpas Bpas Period(h) P.E. Amp A.E H
2022 GY2 04/07-04/10 37.4-28.7 181 2 9.26 0.01 0.6 0.1 21.69
2022 HA 04/18-04/19 42.5-47.5 198 20 0.31732 0.00008 1.3 0.2 24.39
2022 HC 04/19-04/21 34.3-9.9 203 9 0.0141989 0.0000002 0.3 0.3 25.10
2022 JL 05/04-05/06 28.2-17.3 223 12 0.0143465 0.0000001 0.32* 0.08* 23.38
2022 KK5 05/31-06/02 43.9-45.0 255 22 0.083063 0.000002 1.0 0.3 25.09
2022 MP 06/25-06/25 38.4-38.3 261 15 0.0156778 0.0000009 0.8 0.2 23.97
2022 MN1 06/27-06/27 71.9-73.0 248 24 0.015032 0.000009 0.8 0.3 27.30

4.91-4.92 UTC (with minimal lightcurve smoothing).

Table Ill. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase
angle reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range
(see Harris et al., 1984). Amplitude error (A.E.) is calculated as V2 * (lightcurve RMS residual). H is the absolute magnitude at 1 au from
Sun and Earth taken from the Small-Body Database Lookup (JPL, 2022b). Note: * Values are taken from the lightcurve from 2022 May

A set of 6 and 8 second exposures were obtained over a period of
1.6 h and the analysis of the 573 usable images shows a large
amplitude asymmetrical bimodal lightcurve with a period of 56.4
seconds, indicating that 101 rotations occurred during image
capture. About 76% of the images were from 6 s exposures, the
remainder 8 s. The 6 and 8 s exposure lengths as a fraction of the
period are 0.106 and 0.142, respectively, and therefore no
significant smoothing of the lightcurve shape is to be expected
(Pravec et al., 2000). The 6 s exposure length is likely to have
caused the observed amplitude to be ~0.07 mags less than the real
amplitude and the 8 s exposure length equivalently ~0.15 mags less,
both reductions being smaller than the likely error in amplitude of
0.16 due to measurement uncertainty.

2022 MP was also observed by Radar from Goldstone on 2022 June
25 (Benner, 2022), where it is noted that T. Lister had reported a
rotation period of 28 s (or possible 56 s) and a lightcurve amplitude
of 0.5 magnitudes. These figures are in good agreement with the
results determined in this paper. The Radar result includes the
statement, “If we adopt the preliminary period of 28 seconds
reported by T. Lister, then the bandwidth of ~300 Hz places a lower
bound on the maximum pole-on extent of 23 meters (or double that
if the period is 56 seconds).” Taking the 56 s period derived in this
paper and a value of H = 23.97 + 0.31 (JPL, 2022b), the size
estimate of 46 m implies an albedo of 0.23 + 0.06 for 2022 MP.

2022 MNI1. The Pan-STARRS 2 team discovered this Apollo at
mag +22 almost exactly one week before it passed Earth at 0.9 LD
(Wainscoat et al., 2022). With H = 27.3, its diameter is ~10 m. It
was followed during its approach on 2022 June 27 for 28 minutes,
when it was mag +17, at a range of 1.3 LD, and moving at 160
arcsec/min. Exposures were limited to 3.2 s or less to keep trailing
of the object within the measurement annulus of Astrometrica.
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Although relatively faint, it was showing obvious variations in
brightness between consecutive images taken with a cadence of
4-5 s and a period spectrum indicates the best fit to the data is a
solution with a period of 54 s. The overall RMS residual of the
lightcurve is 0.2 mag, contributing to another rather noisy
lightcurve.

Integration Times

Name Min/Max intg/Pd a/b Pts  Flds
2022 GY2 621% 0.019 1.3 154 27
2022 HA 9.6-10.1 0.009 1.7 585 13
2022 HC 2-8 0.157 1.2 469 9
2022 JL 4-15 0.290 1.2 1064 15
2022 KK5 8-16 0.054 1.5 348 6
2022 MP 6,8 0.142 1.4 573 7
2022 MN1 3.1,3.2 0.059 1.3 264 5

Table IV. Ancillary information, listing the integration times used
(seconds), the fraction of the period represented by the longest
integration time (Pravec et al., 2000), the calculated minimum
elongation of the asteroid (Kwiatkowski et al., 2010), the number
of data points used in the analysis and the number of times the
telescope was repositioned to different fields. Note: Z = Longest
elapsed integration time for stacked images (start of first to end
of last exposure used).

Acknowledgements

The author gratefully acknowledges a Gene Shoemaker NEO Grant
from the Planetary Society (2005) and a Ridley Grant from the
British Astronomical Association (2005), both of which facilitated
upgrades to observatory equipment used in this study.

Minor Planet Bulletin 49 (2022)



286
References

ADS (2022). Astrophysics Data System.
https://ui.adsabs.harvard.edu/

Bacci, P.; Maestripieri, M.; Tesi, L.; Fagioli, G.; Coffano, A.;
Marinello, W.; Micheli, M.; Pizzetti, G.; Soffiantini, A.; Buzzi, L.;
Ikari, Y.; Dupouy, P.; Emmerich, M.; Melchert, S.; Koch, B.; and
40 colleagues (2022a). “2022 HA.” MPEC 2022-H08.
https://minorplanetcenter.net/mpec/K22/K22H08.html

Bacci, P.; Maestripieri, M.; Tesi, L.; Fagioli, G.; Buzzi, L.;
Beniyama, J.; Ikari, Y.; Emmerich, M.; Melchert, S.; Koch, B.;
Lindner, P.; Jahn, J.; Urbanik, M.; Birtwhistle, P.; Gerhard, C.; and
11 colleagues (2022b). “2022 HC.” MPEC 2022-H12.
https://minorplanetcenter.net/mpec/K22/K22H12.html

Bacci, P.; Maestripieri, M.; Tesi, L.; Fagioli, G.; Dupouy, P.;
Urbanik, M.; De Pieri, A.; Holmes, R.; Linder, T.; Horn, L.; Losse,
F.; Birtwhistle, P.; Sioulas, N.; Lombardo, M.; Lombardo, K.; and
13 colleagues (2022c¢). “2022 MP.” MPEC 2022-M35.
https://minorplanetcenter.net/mpec/K22/K22M35. html

Benner, L.A.M. (2022). “Goldstone Radar Observations Planning:
(441987) 2010 NY65, 2022 LV, and 2022 MP.”

https://echo jpl.nasa.gov/asteroids/2010NY65/2010NY65.2022.gol
dstone.planning.html!

Harris, A.W.; Young, J.W.; Scaltriti, F.; Zappala, V. (1984).
“Lightcurves and phase relations of the asteroids 82 Alkmene and
444 Gyptis.” Icarus 57, 251-258.

Harris, A.W.; Young, J.W.; Bowell, E.; Martin, L.J.; Millis, R.L.;
Poutanen, M.; Scaltriti, F.; Zappala, V.; Schober, H.J.; Debehogne,
H.; Zeigler, K. (1989). “Photoelectric Observations of Asteroids 3,
24, 60, 261, and 863.” Icarus 77, 171-186.

JPL (2022a). Sentry: Earth Impact Monitoring.
https://cneos. jpl.nasa.gov/sentry/

JPL (2022b). Small-Body Database Lookup.
https://ssd jpl.nasa.gov/tools/sbdb_lookup.html

Kwiatkowski, T.; Buckley, D.A.H.; O’Donoghue, D.; Crause, L.;
Crawford, S.; Hashimoto, Y.; Kniazev, A.; Loaring, N.; Romero
Colmenero, E.; Sefako, R.; Still, M.; Vaisanen, P. (2010).
“Photometric survey of the very small near-Earth asteroids with the
SALT telescope - I. Lightcurves and periods for 14 objects.” Astron.
Astrophys. 509, A9%4.

Melnikov, S.; Hoegner, C.; Laux, U.; Ludwig, F.; Stecklum, B.;
Bacci, P.; Maestripieri, M.; Tesi, L.; Fagioli, G.; Aschi, S.; Pettarin,
E.; Kowalski, R.A.; Christensen, E.J.; Fay, D.; Fazekas, J.B.; and
32 colleagues (2022a). “2022 JL.” MPEC 2022-J30.
https://minorplanetcenter.net/mpec/K22/K22J30.html

Melnikov, S.; Hoegner, C.; Laux, U.; Ludwig, F.; Stecklum, B.;
Beniyama, J.; Wada, S.; Pettarin, E.; Hogan, J.K.; Gray, B.; Rankin,
D.; Shelly, F.C.; Dupouy, P.; Jahn, J.; Holmes, R.; and 13
colleagues (2022b). “2022 KK5.” MPEC 2022-K158.
https://minorplanetcenter.net/mpec/K22/K22KF8.html

Pravec, P.; Hergenrother, C.; Whiteley, R.; Sarounova, L.
Kusnirak, P.; Wolf, M. (2000). “Fast Rotating Asteroids 1999 TY2,
1999 SF10, and 1998 WB2.” Icarus 147, 477-486

Raab, H. (2018). Astrometrica software, version 4.12.0.448.
http://'www.astrometrica.at/

Serrano, A.; Christensen, E.J.; Farneth, G.A.; Fazekas, J.B.; Fuls,
D.C.; Gibbs, A.R.; Grauer, A.D.; Groeller, H.; Hogan, J.K,;
Kowalski, R.A.; Larson, S.M.; Leonard, G.J.; Rankin, D.; Seaman,
R.L.; Shelly, F.C.; and 42 colleagues (2022). “2022 GY2.” MPEC
2022-G114.
https://minorplanetcenter.net/mpec/K22/K22GB4.html

Wainscoat, R.; Wells, L.; Burdullis, T.; Weryk, R.; Bulger, J.;
Lowe, T.; Schultz, A.; Smith, I.; Chambers, K.; Dukes, T.; Chastel,
S.; de Boer, T.; Fairlamb, J.; Gao, H.; Huber, M.; and 7 colleagues
(2022). “2022 MN1.” MPEC 2022-M61.
https://minorplanetcenter.net/mpec/K22/K22M61.html

Warner, B.D.; Harris, A.W.; Pravec, P. (2009). “The Asteroid
Lightcurve Database.” Icarus 202, 134-146. Updated 2021 Dec.
https://minplanobs.org/mpinfo/php/lcdb.php

Warner, B.D. (2022). MPO Software, MPO Canopus version
10.8.6.9. Bdw Publishing, Eaton, CO.

Zacharias, N.; Finch, C.T.; Girard, T.M.; Henden, A.; Bartlett, J.L.;
Monet, D.G.; Zacharias, M.I. (2013). “The Fourth US Naval
Observatory CCD Astrograph Catalog (UCAC4).” Astron. J., 145,
44-57.

Minor Planet Bulletin 49 (2022)



LIGHTCURVE ANALYSIS OF L5 TROJAN ASTEROIDS
AT THE CENTER FOR SOLAR SYSTEM STUDIES:
2022 JUNE

Robert D. Stephens
Center for Solar System Studies (CS3)
11355 Mount Johnson Ct., Rancho Cucamonga, CA 91737 USA
rstephens@foxandstephens.com

Daniel R. Coley
Center for Solar System Studies (CS3)
Corona, CA

Brian D. Warner
Center for Solar System Studies (CS3)
Eaton, CO

(Received: 2022 July 5)

Lightcurves for three Jovian Trojan asteroids were
obtained at the Center for Solar System Studies (CS3) in
2022 June.

For several years, the Center for Solar System Studies (CS3, MPC
U81) has been conducting a study of Jovian Trojan asteroids. This
paper reports CCD photometric observations of three Trojan
asteroids from the Ls (Trojan) Lagrange point starting in 2022 June.

All observations were made using either a 0.35-m /10 or 0.4-m {/10
Schmidt-Cassegrain telescope with an FLI Proline 1001E CCD
camera. Images were unbinned with no filter and had master flats
and darks applied. The exposures were 300 seconds.

Image processing, measurement, and period analysis were done
using MPO Canopus (Bdw Publishing), which incorporates the
Fourier analysis algorithm (FALC) developed by Harris (Harris et
al., 1989). The Comp Star Selector feature in MPO Canopus was
used to limit the comparison stars to near solar color. Night-to-night
calibration was done using field stars from the ATLAS catalog
(Tonry et al., 2018), which has Sloan griz magnitudes that were
derived from the GAIA and Pan-STARR catalogs and are the
“native” magnitudes of the catalog.

The Y-axis of lightcurves gives ATLAS SR “sky” (catalog)
magnitudes. During period analysis, the magnitudes were
normalized to the phase angle and value for G given in the
parentheses. The X-axis rotational phase ranges from —0.05 to 1.05.

The amplitude indicated in the plots (e.g., Amp. 0.23) is the
amplitude of the Fourier model curve and not necessarily the
adopted amplitude of the lightcurve.

For brevity, only some of the previously reported rotational periods
may be referenced. A complete list is available at the lightcurve
database (LCDB; Warner et al., 2009).
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1172 Aneas. This Ls Trojan has been observed many times in the
past (Stephens 2017, and references therein.; Pal et al. 2020;
McNeill et al. 2021). Using data from the ATLAS survey, Durech
et al. (2020) found a sideral period of 8.7024 h. The results this year
are in good agreement with those prior findings.
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3317 Paris. This Ls Trojan has been observed several times in the
past (Mottola et al., 2011; Stephens et al., 2021, and references
therein). All of these previous periods were near 7.08 h. Our result
this year is in good agreement with the prior results.
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3451 Mentor. We observed Mentor several times in the past
(Stephens and Warner; 2020, and references therein), each time
finding a period near 7.7 h. More recently, using ATLAS data,
McNeill et al. (2021) found a period of 7.697 h. Finally, using Gaia
and Lowell data, Durech et al. (2019) found a sidereal period of
7.69659 h. Our result this year is in good agreement with those prior
results.

Number Name 2022/mm/dd Phase Lpag Bpas Period(h) P.E. Amp A.E.
1172 Aneas 06/11-06/13 10.5,10.2 310 15 8.71 0.01 0.33 0.02
3317 Paris 06/10-06/14 10.6,10.1 309 7 7.066 0.005 0.11 0.02
3451 Mentor 06/26-07/01 10.7,10.2 329 16 7.7 0.002 0.42 0.01

Table I. Observing circumstances and results. The phase angle is given for the first and last dates. If preceded by an asterisk, the phase angle
reached an extremum during the period. Lpag and Bpag are the approximate phase angle bisector longitude/latitude at mid-date range (see

Harris et al., 1984).
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We present photometric visible wavelength lightcurves
and derive rotation periods for a sample of four
asteroids:190 Ismene (6.5195 + 0.0002 h), 5009 Sethos
(2.688 +0.001 h), (7335) 1989 JA (2.590 + 0.002 h) and
(11512) 1991 AB2 (2.93275 + 0.00025 h). Observations
were carried out at the Observatorio Astronémico Carl
Sagan (OACS) of the Universidad de Sonora in
Hermosillo, México.

As part of our permanent campaign of asteroid observation at the
Carl Sagan Astronomical Observatory, we obtained photometric
data for three main-belt asteroids (190 Ismene, 5009 Sethos and
1991 AB2) and one Near Earth Asteroid (1989 JA). Asteroid
observation provides an excellent opportunity to prepare students in
observational techniques and data reduction as well as obtaining
results such as lightcurves and rotation periods, and a way to fully
take advantage of nearby astronomical facilities. This campaign
was aimed to accomplish the above-mentioned objectives.

The equipment used at the OACS was a 512x512x20 um SBIG
ST-9 CCD camera mounted on a Meade LX- 200GPS 0.41-m f/10
telescope. Images yielding a final plate scale of 1.03 arcsec/pix and
an effective 9x9 arcmin FOV. Data reduction was made with JRAF'
or MaximDL following standard procedures to correct for bias, dark
current and flat-field effects. Photometry and lightcurve analysis
were made using MPO Canopus (V.9.5.0.14, Warner, 2017)
software package, which allowed us to obtain the synodic period for
each object.

190 Ismene was discovered in 1878 Sep 22 by C.H.F. Peters at the
Litchfield Observatory in Clinton, NY, (Schmadel, 2003). Ismene
is a member of the Hilda family and has a size of 159 km, absolute
magnitude H=7.71 and albedo of 0.066. We observed Ismene for 8
nights during 2021 November and December. A period of
P =6.5195 £ 0.0002 h was obtained with a lightcurve amplitude of
A = 0.1 mag. These values are similar to those reported earlier by
Warner et al. (2021), P=6.5198 + 0.0003 h with A=0.15 mag;
Warner and Stephens (2020), P=6.521 + 0.0008 h. with A=0.16;
Shevchenko et al. (2008), P=6.5192 + 0.0002 h with A=0.1 mag;
and Dahlgren et al. (1998), P=6.52 h. Changes in lightcurve shape
and amplitude among different authors/epochs can be appreciated,
presumably due to different viewing angles.
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5009 Sethos. Discovered by C.J. van Houten and I. van Houten-
Groeneveld at Palomar Observatory on 1960 Sep 24 (Schmadel,
2003). This Hilda asteroid has an estimated size of 4.3 km, an
absolute magnitude H=14.03 and a geometric albedo of 0.455. We
observed Sethos during 4 nights in 2022 May. A period of
P =2.688 + 0.001 h was obtained with a lightcurve amplitude of
A =0.09 mag. Similar results, P =2.6907 £+ 0.0003 h with A=0.08,
were obtained by Waszczak et al. (2015) from an incomplete
lightcurve.
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(7335) 1989 JA is an Apollo-type NEO and PHA discovered by E.F.
Helin in 1989 May 1 at Palomar (Schmadel, 2003). It is 1.8 km in
size, with an absolute magnitude H=17.61 and a geometric albedo
0f 0.448. We observed 1989 JA during late 2022 April and obtained
a period of P = 2.59 + 0.002 h and a lightcurve amplitude of
A=0.11 mag. The only published result for this asteroid is given by
Mahapatra et al. (2002) where an upper limit of P=12 h was
obtained from radar observations. The period of 1989 JA is marked
as inconclusive at the JPL Horizons Small-Body Database.
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Number Name

yyyy mm/dd Phase

Lpag Bpas Period(h) P.E. Amp A.E. Grp

2021 11/02-12/06
2022 05/07-05/10

190 Ismene
5009 Sethos
7335 1989 JA

11512 1991 AB2 2022 04/07-04/25

17.1,13.1 116.1 -6.2
0.9,2.7
2022 04/26-04/29 26.8
15.6,22.6 172.9 0.6

6.5195 0.0002 0.10 0.05 MB-H
224.7 0 2.688 0.001 0.09 0.04 MB-H
220.6 19.3 2.59 0.0002 0.11 0.05 NEO

2.93275 0.00025 0.24 0.05 MB-I

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Lpag and Bpag are the approximate phase angle bisector longitude/latitude at mid-date range (see Harris

et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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11512) 1991 AB2 is an inner-main-belt asteroid with an estimated
size of 4.3 km, an absolute magnitude H=13.89 and a geometric
albedo 0f0.373. We observed 1991 AB2 during three nights in 2022
April. A period of P = 2.93275 + 0.00025 h was derived with a
lightcurve amplitude A = 0.24 mag. This result is in close agreement
with the reported value by Hess and Ditteon (2016) who obtained a
period of P =2.933 + 0.002h.
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Photometric observations of asteroids 2376 Martynov,
(7335) 1989 JA, 12923 Zephyr, and (85184) 1991 JGI
were conducted in order to determine their synodic
rotation period, the absolute brightness with its
amplitude, and estimate their diameter. For 2376
Martynov we found P = 11.133 £ 0.005 h, H=11.07 +
0.05 mag, A =0.38 £ 0.05 mag, D =47.583 £ 0.529 km
(for albedo a = 0.0364) and D = 39.212 + 0.588 km (for
albedo a = 0.0536). For (7335) 1989 JA we found
P=5.177 £0.005 h, H=17.48 + 0.05 mag, A = 0.27 +
0.05 mag, D = 0.849 + 0.009 km (for albedo a =0.25) and
D =0.748 £ 0.010 km (for albedo a = 0.322). For 12923
Zephyr we found P =3.894 + 0.002 h, H=15.73 + 0.05
mag, A = 0.21 + 0.05 mag, D = 2.260 + 0.025 km (for
albedo a=0.1764) and D =2.072 £ 0.027 km (for albedo
a=0.21). For (85184) 1991 JG1 we found P = 24.14 +
0.02 h, H = 18.37 + 0.07 mag, A = 0.65 £+ 0.07 mag,
D =0.631 + 0.008 km (for albedo a = 0.20).

We observed asteroids 2376 Martynov, (7335) 1989 JA, 12923
Zephyr, and (85184) 1991 JG1 in order to determine their synodic
rotation period, the absolute brightness with its amplitude, and
estimate their diameter. Observations took place at six
observatories: Simeiz Observatory (MPC code 094) in Crimea,
ISON-Kitab Observatory (MPC code 186) in Uzbekistan, Kuban
State University Astrophysical Observatory (MPC code C40) in
Russia, ISON-Castelgrande Observatory (MPC code L28) in Italy,
Tien-Shan Astronomical Observatory (MPC code N42) in
Kazakhstan, and UAS-ISON Observatory (MPC code V26) in
Mexico.
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For data processing we used the following software: Tycho v.9.0.6
(Parrott, 2022) at C40; APEX v.2021.01.4 (Kouprianov, 2008;
Devyatkin et al.,, 2010) at L28, N42 and V26; Astrometrica
v.4.11.1.442 (Raab, 2018) and FoCAs v.3.66 (Roig et al., 2011) at
186. All images were calibrated with dark and flat-field frames.
Photometry was done in the Gaia G band against reference stars
from the Gaia DR3 catalog with near-solar color indices (Ggr — Gre)
= 0.818 + 10% (Gaia Collaboration, 2022). For the calculation of
the absolute brightness, we used a phase slope parameter G = 0.15.
For the rotation period search we used a custom-written Python
script with the PDM algorithm imported from the PyAstronomy
package (Czesla et al., 2019); the underlying orbital data was
retrieved from the NASA JPL Horizons System (JPL, 2022a) by the
imported Astroquery package (Ginsburg et al., 2019).

For the conversion from Gaia G to Johnson-Cousins V band we
used the transformation:

G —V = —0.02704 + 0.01424 * (Ggp — Grp) —
0.2156 * (GBP - GRP)Z + 0.014‘26 * (GBP - GRP)3

where: G: Gaia G magnitude; V: Johnson-Cousins V magnitude;
and (Gsp — Grp): Gaia BP-RP color index (ESA, 2022).

For the estimation of the asteroid diameter, we used the formula:

D = 10(3.1236—0.5*log(a)—0.2*H)

where: D: asteroid diameter in km, a: geometric albedo of asteroid,
and H: absolute brightness of asteroid in Johnson-Cousins V
magnitudes (JPL, 2022b).

Table I shows the observing circumstances and results.

2376 Martynov was discovered on 1977 August 22 at the Crimean
Astrophysical Observatory by N. S. Chernykh; it was named in
honor of Dmitrij Yakovlevich Martynov, an outstanding
astrophysicist, for many years the director of the Sternberg
Astronomical Institute in Moscow, author of widely used texts on
astrophysics (MPC, 1983). It is a main belt asteroid with a semi-
major axis of a = 3.20 au, eccentricity e = 0.119, inclination
i = 3.84°, and an orbital period P = 5.73 years; its absolute
magnitude has a value of H = 11.03 (MPC, 2022a), other reported
values range from H = 10.47 (Colazo et al., 2021) to H = 11.13
(Masiero et al., 2020). A search of the Asteroid Lightcurve
Database (Warner et al., 2009) did not find any reported rotation
period for asteroid 2376 Martynov.

CCD photometric observations of the asteroid were carried out on
five nights in 2021 March 6 to March 23 at three observatories: 094,
186, and L28. At 094 we used a 1-m f/12.7 Cassegrain telescope
with a FLI ML-09000 CCD camera without filters at 3x3 binning
and 0.58 arcsec/pix pixel scale with 60 s exposure times during the
nights 2021 March 6 and 9; at 186 we used a 0.36-m f/8 Ritchey-
Chrétien telescope with a FLI PL 09000 CCD camera without filters
at 2x2 binning and 1.72 arcsec/pix pixel scale with 60 s exposure
times during the nights 2021 March 8, 11 and 23; and at L28 we
used a 0.22-m f/2.38 Newton-Hamilton telescope with a FLI PL-
16803 CCD camera without filters at 1x1 binning and 3.54
arcsec/pix pixel scale with 120 s exposure times during the night
2021 March 15. In the course of the entire observation campaign,
the phase angle of 2376 Martynov changed from 7.8° to 2.8°. For
the analysis we collected 381 usable data points.
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Number Name 20yy/mm/dd Phase Lpas  Bpagp  Period(h) P.E. Amp A.E. D Grp

2376 Martynov 21/03/07-21/03/23 7.8,2.8 191 3 11.133 0.005 0.38 0.05 47.583 MBA
39.212

7335 1989 JA 22/05/14-22/05/24 26.9,35.1 227 11 5.177 0.005 0.27 0.05 0.849 NEA
0.748

12923 Zephyr 21/05/10-21/06/20 17.2,51.0 215 9 3.894 0.002 0.21 0.05 2.260 NEA
2.072

85184 1991 JGl 20/05/12-20/05/23 20.5,40.0 229 19 24.14 0.02 0.65 0.07 0.631 NEA

Table |. Observing circumstances and results. The phase angle is given for the first and last exposure time. Lpag and Bpag are the approximate

phase angle bisector longitude/latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).

We found a synodic rotation period P = 11.133 + 0.005 h, median
absolute brightness H = 10.83 + 0.05 mag in Johnson-Cousins V
band, and brightness amplitude of the folded lightcurve 4 = 0.38 +
0.05 mag. For the smallest reported albedo, a = 0.0364 (Mainzer et
al., 2011), we estimated the diameter to be D =47.583 £ 0.529 km;
for the largest reported albedo, a = 0.0536 (Tedesco et al., 2004),
we estimated the diameter as D = 39.212 + 0.588 km. The first
figure shows the folded lightcurve. The second plot shows the PDM
power spectrum in a rotation period range between 2 and 12 hours
with a red dashed line indicating the best probable rotation period
at 5.566 h, which produced a monomodal folded lightcurve, though;
the second-best probable rotation period at 11.133 h is the one
which we consider the real rotation period.

Folded lightcurve of asteroid: {(2376) Martynov
First data point (UT): 2021-03-07 00:02:57
Last data point (UT): 2021-03-23 20:37:21.792000
Rotation period (by PDM analysis): 11.133 £ 0.005 h
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(7335) 1989 JA was discovered on 1989 May 1 at the Palomar
Observatory by E.F. Helin (MPC, 1989). It is a potentially
hazardous asteroid of the Apollo family with a semi-major axis of
a=1.77 au, eccentricity e = 0.484, inclination / = 15.19°, and orbital
period of P = 2.36 years; its absolute magnitude has a value of
H =17.76 (MPC, 2022b), other reported values are: H = 17.8
(Wisniewski et al., 1997), H = 17.0 (Mainzer et al., 2011; 2019),
and H = 17.82 (Nugent et al., 2016). A search of the Asteroid
Lightcurve Database (Warner et al., 2009) did not find any precise
rotation period reported for asteroid (7335) 1989 JA; there is only
one report of a rotation period “less than half a day” based on radar
observations (Mahapatra et al., 2002).

CCD photometric observations were carried out on nine nights in
2022 May 14 to May 24 at three observatories: 186, C40, and L28.
At 186 we used a 0.36-m f/8 Ritchey-Chrétien telescope with a FLI
PL-09000 CCD camera without filters at 2x2 binning and 1.72
arcsec/pix pixel scale with 20 s exposure times during the night
2022 May 23; at C40 we used a 0.51-m f/7.93 Ritchey-Chrétien
telescope with a FLI PL-16803 CCD camera without filters at 1x1
binning and 1.22 arcsec/pix pixel scale with 10 s exposure times
during the nights 2022 May 14-16 and 19-21, and a 0.2-m f/2.0
Schmidt telescope with a FLI ML-8300 CCD camera without filters
at 1x1 binning and 2.83 arcsec/pix pixel scale with 10 s exposure
times during the night 2022 May 24; and at L28 we used a 0.22-m
£12.38 Newton-Hamilton telescope with a FLI PL-16803 CCD
camera without filters at 1x1 binning and 3.54 arcsec/pix pixel scale
with 10 and 20 s exposure times during the nights 2022 May 21-24.
In the course of the entire observation campaign the phase angle of
(7335) 1989 JA changed from 26.9° to 35.1°. For the analysis we
collected 3493 usable data points.

We found a synodic rotation period P = 5.177 + 0.005 h, median
absolute brightness H = 17.48 + 0.05 mag in Johnson-Cousins V
band, and brightness amplitude of the folded lightcurve 4 = 0.27 +
0.05 mag. For the smallest reported albedo, @ = 0.25 (Nugent et al.,
2016), we estimated a diameter D = 0.849 + 0.009 km; for the
largest reported albedo, a = 0.322 (Mainzer et al., 2011; 2019), we
estimated a diameter D = 0.748 + 0.010 km. The PDM power
spectrum covers a rotation period range between 2 and 12 hours
with a red dashed line indicating the best probable rotation period
corresponding to the one we found; the second-best probable
rotation period at 2.589 h didn’t produce a well-fitted folded
lightcurve, so we could exclude this solution.
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Folded lightcurve of asteroid: (7335) 1989 JA
First data point (UT): 2022-05-14 18:31:59.030000
Last data point (UT): 2022-05-24 22:35:38
Rotation period (by PDM analysis): 5.177 £ 0.005 h
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12923 Zephyr was discovered at the Anderson Mesa Station on
1994 November 11 by LONEOS; its name was suggested by M.
Smitherman. The word “zephyr” derives from the name of the
ancient Greek god of the west wind, Zephyros (MPC, 2004). It is a
potentially hazardous asteroid of the Apollo family with a semi-
major axis a = 1.96 au, eccentricity e = 0.492, inclination
i =5.31°, and orbital period P = 2.75 years; its absolute brightness
has a value of H=15.82 (MPC, 2022c). Other reported values range
from H = 15.21 (Mahlke et al., 2021) to H = 15.93 (Pravec et al.,
2012). In the Asteroid Lightcurve Database (Warner et al., 2009)
we found two reported rotation periods for asteroid 12923 Zephyr:
3.891 h (Pravec et al., 1999web) and 3.893 +0.002 h (Warner et al.,
2021).

CCD photometric observations of asteroid 12923 Zephyr were
carried out on 22 nights in 2021 May 10 to June 20 at three
observatories: 186, C40 and N42. At 186 we used a 0.36-m f/8
Ritchey-Chrétien telescope with a FLI PL-09000 CCD camera
without filters at 2x2 binning and 1.72 arcsec/pix pixel scale with
60 s exposure times during the nights 2021 May 10, 11, 13, 14 and
June 5, 6; at C40 we used a 0.51-m f/7.93 Ritchey-Chrétien
telescope with a FLI PL-16803 CCD camera without filters at 3x3
binning and 1.37 arcsec/pix pixel scale with 40 s exposure times
during the nights 2021 May 30 and June 5-18, 20; and at N42 we
used a 1-m f76.6 Cassegrain telescope with an Apogee Alta U16M
D9 CCD camera without filters at 2x2 binning and 0.56 arcsec/pix
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pixel scale with 60 s exposure times during the night 2021 May 29.
In the course of the entire observation campaign, the phase angle of
12923 Zephyr changed from 17.2° to 51.0°. For the analysis we
collected 409 usable data points.

We found a synodic rotation period P = 3.894 + 0.002 h, median
absolute brightness H = 15.73 + 0.05 mag in Johnson-Cousins V
band, and brightness amplitude of the folded lightcurve 4 = 0.21 +
0.05 mag. For the smallest reported albedo, a = 0.1764 (Pravec et
al., 2012), we estimated a diameter D = 2.260 £ 0.025 km; for the
largest reported albedo, @ = 0.21 (Harris et al., 2011), we estimated
adiameter D =2.072 + 0.027 km. The PDM power spectrum covers
a rotation period range between 2 and 12 hours with a red dashed
line indicating the best probable rotation period corresponding to
the one we found.

Folded lightcurve of asteroid: (12923) Zephyr
First data point (UT): 2021-05-10 17:00:08.352000
Last data point (UT): 2021-06-20 19:25:50.995000
Rotation period (by PDM analysis): 3.894 = 0.002 h
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(85184) 1991 JG1 was discovered on 1991 May 9 at the Palomar
Observatory by E.F. Helin (MPC, 1991). It is a near-Earth asteroid
of the Amor family with a semi-major axis a = 1.37 au, eccentricity
e =0.185, inclination i = 33.88°, and orbital period P = 1.61 years;
its absolute magnitude is H = 18.42 (MPC, 2022d). (Pravec et al.,
1999web) reported H = 18.14. In the Asteroid Lightcurve Database
(Warner et al., 2009) we found a reported rotation period of
24.02 £ 0.05 h (Pravec et al., 1999web), and a series of four
different solutions: 22.56 + 0.05 h, 25.08 £ 0.04 h, 23.63 = 0.03 h,
and 24.19 + 0.02 h (Warner and Stephens, 2020).
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CCD photometric observations of asteroid (85184) 1991 JG1 were
carried out on eight nights in 2020 May 12 to May 23 at four
observatories: 186, C40, N42 and V26. At 186 we used a 0.36-m
178 Ritchey-Chrétien telescope with a FLI ML-09000 CCD camera
without filters at 2x2 binning and 1.72 arcsec/pix pixel scale with
60 s exposure times during the nights 2020 May 12, 14, 16, 17 and
22; at C40 we used a 0.51-m f/7.93 Ritchey-Chrétien telescope with
a FLI PL-16803 CCD camera without filters at 3x3 binning and
1.37 arcsec/pix pixel scale with 20 s exposure times during the
nights 2020 May 13 and 15; at N42 we used a 1-m f/6.6 Cassegrain
telescope with an Apogee Alta U16M D9 CCD camera without
filters at 2x2 binning and 0.56 arcsec/pix pixel scale with 60 s
exposure times during the night 2020 May 23; and at V26 we used
a 0.40-m f74.2 Ritchey-Chrétien telescope with a FLI PL-09000
CCD camera without filters at 2x2 binning and 2.87 arcsec/pix pixel
scale with 60 s exposure times during the nights 2020 May 14, 15
and 23. In the course of the entire observation campaign, the phase
angle of (85184) 1991 JG1 changed from 20.5° to 40.0°. For the
analysis we collected 1194 usable data points.

We found a synodic rotation period P = 24.14 + 0.02 h, median
absolute brightness H = 18.37 + 0.07 mag in Johnson-Cousins V
band, and brightness amplitude of the folded lightcurve 4 = 0.65 +
0.07 mag. For a theoretical albedo a = 0.20, we estimated a diameter
D =10.631+0.008 km. The PDM power spectrum covers a rotation
period range between 2 and 36 hours with a red dashed line
indicating the best probable rotation period corresponding to the
one we found.

Folded lightcurve of asteroid: (85184) 1991 |JG1
First data point (UT): 2020-05-12 17:32:07.296000
Last data point (UT): 2020-05-23 22:00:50.394000
Rotation period {by PDM analysis): 24.14 = 0.01 h
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Photometric observations were conducted of four main-
belt asteroids. The results of lightcurve analysis gave
synodic rotation periods and amplitudes shown in the
table below.

I report lightcurve and period of rotation of asteroids studied in
2022 February with Marina Sky Observatory 17-inch robotic
telescope (Marina Sky, 2022). All images were taken with a
Planewave CDK 0.432-m f/6.8 telescope and Finger Lake
Instruments Proline 16803 CCD camera using Sloan r filter. The
images were binned at 2x2 yielding an image scale of 1.28
arcsec/pixel and the field of view 43 x 43 arcmin.

The exposure time of each image was 150 seconds. To remove
Residual Bulk Image (RBI), the NRI pre-flash was applied before
each exposure. Images were calibrated with bias, dark for -20°C,
and sky flat frames.

Astrometric plate solving of acquired images was achieved using
PinPoint (DC3 Dreams, 2022) with star positions from ATLAS
catalogue (Tonry et al., 2018). In photometry analysis, a couple
dozen of carefully selected comparison stars sourced from ATLAS
catalogue were used having SLOAN r magnitudes in range 12 - 16,
B-V color index in range 0.45 - 0.9, and SNR usually between 50
and 450.

Tycho Tracker software (Parrot, 2022) and Photometric Workflow
(Dose, 2020; 2021) were used for data processing and photometric
analysis.

(5456) Merman 1979 HH3. This Vesta family (410) asteroid was
discovered at Nauchnyj on 1979 April 25 by N. S. Chernykh. The
determined orbit (MPC, 2022) has a semi-major axis of 2.3572709
au, eccentricity of 0.0513055, and inclination of 7.03068 degrees.
According to JPL Small-Body Database (JPL, 2022), the asteroid
diameter is 4.220 km, absolute magnitude 4 = 13.38, and geometric
albedo 0.626. The asteroid sky motion during imaging was 0.66
arcsec/minute.

Phased Plot: (5456) Merman bi-modal period
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Observations were made on 2022 February 9-11. The number of
images taken during first, second and third night respectively used
in analysis were 187, 61 and 163.

The three observational nights allowed establishing for asteroid
(5456) Merman a Sloan r magnitude range 15.72 - 16.24 and a bi-
modal period of rotation of 5.8482 4+ 0.0007 h that is in agreement
with period of 5.85286 h calculated by (Durech et. al., 2020).

The periodogram shows that a single-mode lightcurve rotational
period 0f2.9236 + 0.0007 h, being exactly half of a bi-modal period,
gives an equally good match. The amplitude and shape of both parts
of bi-modal lightcurve are very similar, which allows the possibility
of a single-mode solution. However, given the amplitude of 0.52
mag and low phase angle, the true solution is almost certain to be
near 5.8 h (Harris et al., 2014).

Period Spectrum: (5456) Merman
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(6920) Esaki 1993 JE. This Vesta family (410) asteroid was
discovered at Kitami on 1993 May 14 by K. Endate and K.
Watanabe. The determined orbit (MPC, 2022) has a semi-major
axis of 2.3873927 au, eccentricity of 0.0801087, and inclination of
6.71374 degrees. According to the JPL Small-Body Database (JPL,
2022), the diameter is 4.962 km, absolute magnitude 4 = 13.36, and
the geometric albedo is 0.413. Asteroid speed during imaging was
0.64 arcsec/minute. The rotational period for this body has not been
found in previously published data (Warner et al., 2009).

I report lightcurve and period of rotation of asteroid (6920) Esaki
as studied on 2022 February 20, 21, and 28. The number of images
taken and used in the analysis for the three nights were 116, 138,
and 156, respectively. The three observational nights allowed
establishing a period of rotation of 3.0695 + 0.0007 h and Sloan r
magnitude range 13.62 - 13.89.
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(13078) 1991 WD. This main-belt (LCDB orbital group 9105)
asteroid was discovered at Kiyosato on 1991 Nov 17 by S. Otomo.
The determined orbit (MPC, 2022) has a semi-major axis of
2.6161104 au, eccentricity of 0.2200691, and inclination of
13.87726 degrees. According to the JPL Small-Body Database
(JPL, 2022), the diameter is 5.091 km, the absolute magnitude is
H = 13.89, and the geometric albedo = 0.247. The sky motion
during imaging was 0.64 arcsec/minute.

The rotational period for this body has not been found in previously
published data (Warner et al., 2009). I report a lightcurve and period
of rotation for the asteroid as studied on 2022 February 6-8. The
number of images taken and used in analysis for the three nights
were 74, 187, and 196, respectively. Analysis of the data found a
period of rotation of 7.0945 + 0.0007 h and Sloan r magnitude range
16.08 - 16.24.

Phased Plot: (13078) 1991 WD

(49937) 1999 X0O180. This inner main-belt (LCDB orbital group
9104) asteroid was discovered at Socorro on 1999 December 10 by
LINEAR. The determined orbit (MPC, 2022) has a semi-major axis
of 2.3806048 au, eccentricity of 0.1701859, and inclination of
9.73216 degrees. According to JPL Small-Body Database (JPL,
2022), the diameter is 3.421 km, absolute magnitude H = 14.23,
geometric albedo 0.456. The sky motion during imaging was 0.63
arcsec/minute.

The rotational period for this body has not been found in previously
published data (Warner et al., 2009). I report lightcurve and period
of rotation based on data obtained on 2022 February 2 and 3. During
the first and second night, 212 and 82 images were taken, while 207
and 71 observations, respectively, were used in analysis.

The two observational nights allowed establishing a period of
rotation of 2.9488 + 0.0007 h and Sloan r magnitude range 16.31-
16.41.
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Number Name yyyy mm/dd Phase Lpas Beas Period(h) P.E. Amp A.E. Grp
5456 Merman 2022 02/09-02/11 5.30,5.39 141 10 5.8482 0.0007 0.52 0.03 401
6920 Esaki 2022 02/20-02/28 6.01,5.52 157 9 3.0695 0.0007 0.27 0.03 401
13078 1991 WD 2022 02/06-02/08 10.12,9.99 142 16 7.0945 0.0007 0.16 0.03 MB-M
49937 1999 X0180 2022 02/02-02/03 8.88,8.85 135 14 2.9488 0.0007 0.10 0.03 MB-I

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. Lpag and Bpag are the approximate phase angle bisector longitude/latitude at mid-date range (see

Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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Photometric measurements of CCD observations on 16
main-belt asteroids were made from 2022 April through
May. Phased lightcurves were created for twelve
asteroids, while four did not yield period solutions. All
the data have been submitted to the ALCDEF database.

CCD photometric observations of 16 main-belt asteroids were
performed at Command Module Observatory (MPC V02) in
Tempe, AZ. Images were taken using a 0.32-m /6.7 Modified Dall-
Kirkham telescope, SBIG STXL-6303 CCD camera, and a ‘clear’
glass filter. Exposure time for all the images was 2 minutes. The
image scale after 2x2 binning was 1.76 arcsec/pixel. Table I shows
the observing circumstances and results. All of the images for these
asteroids were obtained between 2022 April and May.

Images were calibrated using a dozen bias, dark, and flat frames.
Flat-field images were made using an electroluminescent panel.
Image calibration and alignment was performed using MaxIm DL
software.

Data reduction and period analysis were done using MPO Canopus
(Warner, 2020). The 45'x30’ field of the CCD typically enables the
use of the same field center for three consecutive nights. In these
fields, the asteroid and three to five comparison stars were
measured. Comparison stars were selected with colors within the
range of 0.5 < B-V < 0.95 to correspond with color ranges of
asteroids. In order to reduce the internal scatter in the data, the
brightest stars of appropriate color that had peak ADU counts below
the range where chip response becomes nonlinear were selected.
MPO Canopus plots instrumental vs. catalog magnitudes for solar-
colored stars, which is useful for selecting comp stars of suitable
color and brightness.

Since the sensitivity of the KAF-6303 chip peaks in the red, the
clear-filtered images were reduced to Sloan r’ to minimize error
with respect to a color term. Comparison star magnitudes were
obtained from the ATLAS catalog (Tonry et al., 2018), which is
incorporated directly into MPO Canopus. The ATLAS catalog
derives Sloan griz magnitudes using a number of available catalogs.
The consistency of the ATLAS comp star magnitudes and color-
indices usually allowed the separate nightly runs to be linked with
no zero-point shifts and occasionally only a few hundredths of a
magnitude.

A 9-pixel (16 arcsec) diameter measuring aperture was used for
asteroids and comp stars. It was typically necessary to employ star
subtraction to remove contamination by field stars. For the asteroids
described here, I note the RMS scatter on the phased lightcurves,
which gives an indication of the overall data quality including errors
from the calibration of the frames, measurement of the comp stars,
the asteroid itself, and the period-fit. Period determination was done
using the MPO Canopus Fourier-type FALC fitting method (cf.
Harris et al., 1989). Phased lightcurves show the maximum at phase
zero. Magnitudes in these plots are apparent and scaled by MPO
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Canopus to the first night. In cases where rotation periods could not
be determined, raw lightcurves are presented, with “Raw”
appearing in the upper right-hand corner of the plots.

Asteroids were selected from the CALL website (Warner, 2011a),
either for having uncertain periods or for needing more lightcurves
for shape modeling. In this set of observations, 1 of the 16 asteroids
had no previous period analysis, 2 had U = 1, and 6 had U=2. The
Asteroid Lightcurve Database (LCDB; Warner et al. (2009) was
consulted to locate previously published results. All the new data
for these asteroids can be found in the ALCDEF database.

233 Asterope was discovered by Alphonse Borrelly at Marseille in
1883. Papers showing similar rotational periods include Hanus et
al. (2016, 19.69801 h) and Hanus et al. (2017, 19.69803 +
0.00002 h. During four nights, 249 data points were gathered to
determine a period of 19.772 + 0.009 h, agreeing with previous
values. The amplitude of the lightcurve is 0.40 = 0.01 mag.
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240 Vanadis. This middle main-belt asteroid is another of
Borrelly’s discoveries, this one in 1884. Its eccentric orbit brought
it to an unfavorable opposition in 2022. Denchev (2000) computed
a rotation period of 10.64 h and Alton (2016) published 10.57 +
0.01 h. A total of 905 images were taken in eight nights, producing
a period of 10.543 + 0.009 h and an amplitude of 0.08 + 0.02 mag.
The monomodal lightcurve results in a solution that matches
previous values, and a “split halves” plot does not support the
bimodal solution.

T T T T T T T T T

240 Vanadis

43.201- Period: 10.543 + 0.009 h Amp: 0.08

13.25 B
; 13.30 B
13 351

13407

Magnitude(SR) (a: 3.5° G: 0.15)
A A e
@ W ow
o o
o o o
T

. Year: 2022

B * 2889 -05/07| |
+ 2892-05/08

L m 2894 - 05/09| _|
1360 % 2895 - 05/09|
® 2897 -05/10

13.65 A 2898-0511| 4
+ 2901 - 05/12|
13.70 * 2903 - 05/13

. JDo(LTC) 2459710 856497 — 4th Order

1 1 ! L
000 010 020 030 040 050 060 0.70 0.80 0.90 1.00

299

275 Sapentia was discovered by Johann Palisa in 1888 at Vienna.
Warner (2007) published a period of 14.766 + 0.006 h and Pilcher
(2016) computed 14.932 + 0.001 h. Three nights and 187 images
were sufficient to produce a period solution of 14.886 + 0.022 h.
The amplitude of the lightcurve is 0.11 mag, with an RMS error on
the fit of 0.009 mag.
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282 Clorinde lies in the inner main belt. It was discovered at Nice
by Auguste Charlois in 1889. The period shown by Durech et al.
(2020) is 49.365 + 0.002 h while Bonamico and van Belle (2021)
published 49.352 + 0.004 h. In three nights, 177 images were taken.
The raw lightcurve was flat, so no further imaging was done
because a period solution could not be determined.
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323 Brucia is a Phocea-family minor planet in a highly inclined and
eccentric orbit. It had an unfavorably distant, but northerly
opposition in 2022. Discovered at Heidelberg in 1891, it was Max
Wolf’s first of his 248 asteroid discoveries. Seven agreeing period
solutions appear in the LCDB. The most recent are Warner (2018,
9.458 + 0.008 h); Behrend (2021web, 9.463 + 0.001 h); and
Stephens et al. (2021, 9.457 + 0.002 h). A three-night run with 196
images produced a similar rotational period of 9.530 + 0.033 h and
an amplitude of 0.07 + 0.014 mag.
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513 Centesima is another of Max Wolf’s discoveries. Durech et al.
(2016) published a period of 5.32399 + 0.00001 h and Behrend
(2021web) shows 4.794 + 0.001 h. During three nights, 181 data
points were acquired to produce a period solution of 4.790 + 0.002
h, in agreement with Behrend. The lightcurve has an amplitude of
0.35+0.03 mag.
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795 Fini was discovered at Vienna in in 1914 by Johann Palisa.
Several uncertain period solutions appear in the LCDB, including
Warner (2011b, 7.49 + 0.02 h), Pravec (2012web, 4.65 h), and
Waszczak et al. (2015, 26.971 + 0.0557 h). A total of 600 images
were taken during 11 nights. These produced a synodic period of
51.40 + 0.20 h, disagreeing with all previous assessments. The
amplitude is 0.11 = 0.01 mag.
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1055 Tynka is a Flora-family asteroid in an eccentric orbit.
discovered by Emil Buchar at Algiers in 1912. The most recent
period solutions are Stephens (2012, 11.75 £ 0.01 h) and Durech et
al. (2020, 5.94680 + 0.00002 h). During three nights, 180 images
were gathered, but the lightcurve remained too flat to achieve a
period solution.
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1237 Genevieve was discovered by Guy Reiss in 1951 at Algiers.
Polakis (2018) shows a period of 16.48 + 0.02 h and Durech et al.
(2019) published 24.6982 + 0.002 h. The asteroid was observed on
four nights, and 213 images were obtained, yielding a synodic
rotation period of 16.31 + 0.04 h. The lightcurve has an amplitude
of 0.22 mag and an RMS error on the fit of 0.031 mag.
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Number Name yy/mm/dd Phase Lpag Beas Period(h) P.E. Amp A.E. Grp
233 Asterope 22/05/10-05/14 13.5,12.6 235 1 19.772 0.009 0.40 0.01 MB-O
240 Vanadis 22/05/07-05/13 3.5,1.4 235 2 10.543 0.009 0.08 0.02 MB-O
275 Sapentia 22/05/05-05/07 6.6,7.4 214 6 14.886 0.022 0.11 0.01 MB-O
282 Clorinde 22/05/17-05/19 8.6,9.2 223 12 -= -- -- -- MB-M
323 Brucia 22/05/20-05/22 10.4,10.7 224 23 9.530 0.033 0.07 0.01 MB-O
513 Centesima 22/05/20-05/22 3.7,4.1 235 9 4.790 0.002 0.35 0.03 MB-M
795 Fini 22/04/18-05/02 4.5,10.6 199 -3 51.40 0.20 0.11 0.01 MB-O
1055 Tynka 22/05/17-05/19 8.3,9.2 225 7 -- -- -= -= MB-M
1237 Genevieve 22/05/03-05/06 8.7,9.8 203 6 16.31 0.04 0.22 0.03 PHO
1319 Disa 22/05/07-05/09 2.8,3.7 222 -2 7.082 0.004 0.22 0.02 MB-O
1783 Albitskij 22/05/03-05/06 10.1,11.3 203 5 19.93 0.04 0.72 0.04 MB-O
2685 Masursky 22/05/03-05/04 8.8,9.2 205 -2 -= -- -- -- MB-0
2689 Bruxelles 22/04/18-05/02 4.8,12.9 202 2 101.6 0.3 0.76 0.06 MB-O
3224 TIrkutsk 22/04/20-05/02 2.3,8.1 206 -2 33.08 0.02 0.45 0.04 MARS
3306 Byron 22/05/20-05/22 2.1,2.8 235 3 6.999 0.011 0.29 0.05 MB-M
3469 Bulgakov 22/05/17-05/19 1.5,1.8 235 3 - -— -— - MB-M
Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extrema during the period. LPAB and BPAB are the approximate phase angle bisector longitude/latitude at mid-date range (see
Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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2689 Bruxelles. This Flora-family minor planet was discovered in
1935 at Uccle by Sylvain Arend. Two period solutions were found
in the LCDB. Hess and Ditteon (2016) reported a period of
8.71 £ 0.05 h, and Dose (2021) computed a much longer period:
101.800 + 0.026 h. The asteroid was observed on 11 nights, and 626
images were taken. The calculated period is 101.6 + 0.3 h,
supporting Dose’s value. The amplitude is 0.76 £+ 0.060 mag.

T T T T T T T T

3306 Byron is an Eos-family asteroid that was discovered by
Nikolai Chernykh in 1979. Moravec et al. (2013) show a rotation
period of 7.321 + 0.005 h and Polakis (2020) computed
6.999 + 0.005 h. After three nights, 152 data points had been
acquired, resulting in a period solution of 6.999 + 0.011 h, with an
amplitude of 0.29 + 0.05 mag.
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3224 Trkutsk was identified by Nikolai Chernykh at Nauchnyj in
1977. Its eccentric orbit brought it to a favorable 2022 opposition.
Period solutions include Waszczak et al. (2015, 33.140 + 0.0630 h)
and Durech et al. (2019, 33.1038 £ 0.0002 h). Over the course of 10
nights, 532 images were used to compute a synodic period of 33.08
+ 0.02 h, in line with published values. The lightcurve amplitude is
0.45 £ 0.04 mag.
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3469 Bulgakov. Ludmilla Karachkina discovered this asteroid in in
1982 at Nauchnyj. Durech et al. (2020) computed a synodic rotation
period of 180.76 + 0.01 h. However, Behrend (2021web) shows a
much shorter period of 6.48 + 0.05 h. During three nights, 176
images were taken, producing a flat lightcurve, from which no
period solution was obtained.
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Synodic rotation periods and amplitudes are reported for:
705 Erminia, 748 Simeisa, 914 Palisana, 983 Gunila,
1043 Beate, and (138971) 2001 CB21

The periods and amplitudes of asteroid lightcurves currently
presented are the product of collaborative work by GORA (Grupo
de Observadores de Rotaciones de Asteroides) group. In all the
studies we have applied relative photometry assigning V
magnitudes to the calibration stars.

The image acquisition was performed without filters and with
exposure times of a few minutes. All images used were corrected
using dark frames and, in some cases, bias and flat-field were also
used. Photometry measurements were performed using FotoDif
software and for the analysis, we employed Periodos software
(Mazzone, 2012).

Below, we present the results for each asteroid under study. The
lightcurve figures contain the following information: the estimated
period and period error and the estimated amplitude and amplitude
error. In the reference boxes, the columns represent, respectively,
the marker, observatory MPC code, or - failing that - the GORA
internal code, session date, session offset, and several data points.

Targets were selected based on the following criteria: 1) those
asteroids with magnitudes accessible to the equipment of all
participants, 2) those with favorable observation conditions from
Argentina or Spain and Italy, i.e., with negative or positive
declinations 9, respectively, and 3) objects with few periods
reported in the literature and/or with light curve Database (LCDB)
(Warner et al., 2009b) quality codes (U) of less than 3.

705 Erminia is an X-type asteroid, discovered in 1910 by Ernst
Heidelberg. We found in the literature two rather different periods
calculated for this object: P =53.96 + 0.01 h with Am=0.12 +0.01
mag (Koff et al., 2006), and P = 7.22 h with Am = 0.07 mag
(Di Martino et al., 1995). The results we obtained are P = 53.416 +
0.005 h and Am =0.09 + 0.01 mag. Our period well agrees with the
one measured by Koff et al. (2006).
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748 Simeisa is a P-type asteroid, discovered in 1913 by G. Neujim.
We determined a period of 11.904 +0.011 h with Am = 0.24 + 0.02
mag. These results well agree with those reported by Dahlgren et
al., (1998), P = 11.88 h with Am = 0.22 mag and Behrend
(2011web), P=11.919 + 0.002 h with Am =0.36 + 0.03 mag. As a
further contribution, our lightcurve provides more coverage on the
rotational phase space.
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914 Palisana was discovered in 1919 by Wolf, M. We determined a
period of 8.681 + 0.010 h with Am = 0.11 + 0.01 mag. However,
different authors have reported longer periods: P = 14 h with
Am = 0.02 mag (Tedesco, 1979) and P = 15.922 + 0.004 h with
Am = 0.04 £ 0.01 mag (Warner, 2009a). In this paper, we present
full light curve coverage, with observations made by overlapping
different nights and telescopes, thus giving confidence to our result.
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983 Gunila was discovered in 1922 by K. Reinmuth. Different
authors attempted to measure the period of this asteroid without
success (Warner, 2011; Albers et al., 2010; Shipley et al., 2008).
The first reported period for this asteroid was published in 2014 by
Hayes-Gehrke et al. (2014), resulting in P = 8.37 + 0.12 h with
Am = 0.11 + 0.01 mag. However, years later, Polakis (2019)
published a new period, with a value doubling the previous one:
P = 16.633 £ 0.023 h with Am = 0.12 + 0.02 mag. Our results,
P =16.092 + 0.012 h with Am = 0.12 £ 0.02 mag, well agree with
those from Polakis (2019).
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1043 Beate is an S-type asteroid, discovered in 1925 by K.
Reinmuth. In the literature, we found only one reported period for
this asteroid: P = 44.1 + 0.1 h (Warner and Higgins, 2006).
However, in the same paper, the authors propose a shorter period
corresponding to 22.05 + 0.10 h, though it was considered less
plausible. Our study supports the longer period and yielded the
following data: P=43.751 £ 0.011 h with Am = 0.21 + 0.02 mag.
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(138971) 2001 CB21 is a near-Earth asteroid, discovered in 2001
by LINEAR. According to the period previously reported, it is a fast
rotator, with P = 3.3020 + 0.0008 h and Am = 0.12 + 0.02 mag
(Galad et al., 2005). Our observations also support the short-period
scenario: P =3.160 + 0.034 h with Am = 0.24 £ 0.05 mag.
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Number Name yy/ mm/dd- yy/ mm/dd Phase Lpas  Bpap  Period(h) P.E. Amp A.E. Grp
705 Erminia 21/12/14-22/04/19 *18.7,20.5 136 23 53.416 0.005 0.09 0.01 MB-O
748 Simeisa 22/01/09-22/02/01 10.5,03.7 143 -02 11.904 0.011 0.24 0.02 HIL
914 Palisana 22/01/19-22/02/23 16.7,12.3 161 -30 8.681 0.010 0.11 0.01 MB-I
983 Gunila 22/03/31-22/04/25 *07.7,07.1 203 -14 16.692 0.012 0.12 0.02 MB-O

1043 Beate 22/01/26-22/02/25 *06.2,05.1 142 -03 43.751 0.011 0.21 0.02 MB-O

138971 2001 CB21 22/02/18-22/02/25 42.6,54.5 172 20 3.160 0.034 0.24 0.05 NEA

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase angle
reached an extremum during the period. Lpag and Bpag are the approximate phase angle bisector longitude/latitude at mid-date range (see
Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009b). HIL Hilda; MB-O: main-belt outer; MB-I: main-belt inner.

Observatory Telescope Camera

K14 Obs.Astr.de Sencelles Newtoniano (D=250mm; £f=4.0) CCD SBIG ST-7XME
X12 Obs.Astr.Los Cabezones Newtoniano (D=200mm; £=5.0) CMOS QHY 174M GPS
X31 Obs.Astr.Galileo Galilei RCT ap (D=405mm; £=8.0) CCD SBIG STF8300M
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BM1 Oss.Astr.La Macchina del Tempo Ritchey-Chretien (D250mm; £=8) CMOS ZWO ASI 1600 MM
GCl Specola Giuseppe Pustorino 1 Newtoniano (D=254mm; f=4.7) CCD Atik 3831+Mono
GC2 Specola Giuseppe Pustorino 2 RC (D=400mm; £=8.0) CCD Atik 3831+Mono
GC3 Specola Giuseppe Pustorino 3 RC (D=400mm; £f=5.7) CCD Atik 3831+Mono
ODS Obs.Astr.de Damian Scotta 1 Newtoniano (D=300mm; £f=4.0) CMOS QHY 174M
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Densely sampled lightcurves of 25 large main-belt
asteroids were obtained with the TRAPPIST-South (TS)
and TRAPPIST-North (TN) telescopes from 2017 to
2021. Those observations took place in support of an ESO
large program aiming at observing a representative
sample of large asteroids with the ESO VLT for precise
shape determination from adaptive optics high-resolution
imaging. Synodic rotation periods and lightcurve
amplitudes have been determined for all but one target.
Six asteroids were observed during two different
apparitions. The data have been submitted to the
ALCDEF database.

Observations were acquired with the robotic telescopes
TRAPPIST-North (TN, Z53) and TRAPPIST-South (TS, 140) of
the Liége University (Jehin et al., 2011). They are located,
respectively, at the Oukaimeden Observatory in Morocco and the
ESO La Silla Observatory in Chile. Both are 0.6-m Ritchey-
Chrétien telescopes operating at f/8 on German Equatorial mounts.
The TN camera is an Andor IKONL BEX2 DD (0.60 arcsec/pixel)
and the one of TS is an FLI ProLine 3041-BB (0.64 arcsec/pixel).

The raw images were calibrated with corresponding flat fields, bias,
and dark frames, and photometric measurements were obtained
using IRAF (Tody, 1986) scripts. The differential photometry and
lightcurves were made with Python scripts. All the stars with a high
enough SNR were used and checked to discard the variable stars for
the differential photometry. Various apertures were tested to
maximize the SNR. The absolute calibration in the Johnson-
Cousins Rc band was then performed using the Photometry Pipeline
developed by Mommert (2017). This pipeline allows photometric
zero-point calibration by matching field stars with catalogs. The
photometric catalogs PanSTARRS DR1 and SDSS-R9 were used to
match up to 100 stars with solar colors for each image. The rotation
periods were determined with the software Peranso (Vanmunster,
2018), which implements the FALC algorithm (Harris et al., 1989).
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The ESO large program (ID 199.C-0074; PI P. Vernazza) supported
by these observations acquired high angular resolution images of 42
large (D > 100km) main-belt asteroids with the adaptive optics
instrument (AO) SPHERE at the VLT. It aimed mainly at
reconstructing the 3D shape, and therefore density of those bodies
to better constrain their formation and evolution. Multiple 3D
reconstruction algorithms were used, notably ADAM and SAGE
(Viikinkoski et al., 2015; Bartczak and Dudzinski, 2018). They
combine the AO images with data from other sources, most
importantly photometric lightcurves, which help to cover the
viewing geometries not seen by the AO images. The final results of
the program were recently published in Vernazza et al. (2021).

In the lightcurves below the Rc magnitude is plotted as a function
of the rotational phase using the period indicated on the plot. The
zero phase corresponds to the maximum of the curve and to the
Julian Date indicated on the plot (JDo). The solid black line
represents a Fourier fit up to an order indicated in the legend, and
from which are computed the residuals shown in the bottom panel.
The reported amplitude is from the Fourier model curve. For all our
targets, the derived synodic periods agreed with previously
published results found in the asteroid lightcurve database (LCDB;
Warner et al., 2009). All data have been submitted to the ALCDEF
database.

7 Iris is an S-type asteroid and the fourth brightest main-belt object
due to its bright surface (albedo ~0.28) and small distance from the
Sun. It was observed at an angular size of 0.33 arcsec by SPHERE
in 2017, revealing its cratered surface (Hanus et al., 2019). We
observed it in 2020 at V ~9 mag.
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13 Egeria. The whole rotation (period of ~7h) of this Ch-type
asteroid was covered in one night with TS in 2019 Aug 19.
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15 Eunomia is an S-type asteroid featuring an elongated shape
resulting in the large observed amplitude of the lightcurve of ~0.46
mag while it was in equator-on viewing configuration.
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16 Psyche is a very interesting object that will be explored in-situ
by a NASA space mission in 2026 (Elkins-Tanton et al., 2017).
Psyche has an M-type classification, features metal at its surface
and is one of the densest large asteroids known (Ferrais et al., 2020).
We observed it in 2018 while it was viewed from its north pole.
This explains the small amplitude of the lightcurve that shows only
one maximum.
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18 Melpomene is an S-type asteroid and is another example of a
relatively large amplitude with ~0.3 mag.
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20 Massalia. We observed this S-type asteroid in 2017 and then for
another night in 2019. Its rotation period is very close to 8 h, making
it challenging to cover the whole rotation with data from
consecutive nights. In this context, the combination of observations
from both TN and TS was highly beneficial.
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21 Lutetia was the second smallest object of our program (D = 98
km) but was visited by the ESA Rosetta space mission during its
journey to comet 67P/C-G (Sierks et al., 2011). We covered the
rotation on 2019 Sep. 11 using both TN and TS.
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22 Kalliope is a dense M-type asteroid with a probably
differentiated interior (Ferrais et al., 2022) and a relatively large
companion 28 km in diameter named Linus. Our observations in
2018 were almost pole-on which explains the practically flat
lightcurve.
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24 Themis is a carbonaceous asteroid and the parent body of one of
the largest family. Themis has a relatively spherical shape which
resulted in lightcurves of modest amplitudes featuring many bumps

for both our 2017 and 2019 observations.

TS 2017 Sep 23 -

s SR S "
L § — 13tk Order +
(24) Themis 4 TSI0M7Sep20 ¢ TS201TMov7 -

§ Tsa07sep ™ 2017 Now
I 4 TSITSepaz ¢ TS2017MovE -
180 2

4% period: 83741 | 0.0002 h
Amp: 0.125 1 0.009 mag
| IDo(LTC): 2458066.404221

12051

0z

Residuals

aa s
Rotational Phase

— stharger
& TS2019jan16 (Rcl -

(24) Themis
152012 Jan 12 (Rc)

& TS2019jen27 R

_ Period: 8.374 1 0.001 h
10.55 - Amp: 0.099 + 0.007 mag
 JDo(LTC): 2458500.601400
I

0z

Residuals

aa s
Rotational Phase

309

v
— eth oder

TH 2020 May 7 (Re)
TN 2020 May 9 tRe)

TH 2020 May 21 Re)

TH 2020 May 22 Rc)
E TN 2020 May 23 (R)
RN i TH2020 May 26 1RC)
¢ TH 2020 May 28 Rl -

(30) Urania

[ ——

2
- Period: 13.693 + 0.002 h
_ Amp: 0.258 = 0.008 mag

]Do(LTC): 2458992.367159

120

Residuals

aa s
Rotational Phase

45 Eugenia is a carbonaceous asteroid with two moons. Its short
rotation period of ~5.65 h was covered in one night on 2018 Mar 6.
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51 Nemausa is a C-type asteroid that we observed in 2019.
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52 Europa is a C-type asteroid with a short period of ~5.58 h that

30 Urania is an S-type and with a diameter of 88 km, and it is the
smallest asteroid in our sample. Its shape is irregular, and our
lightcurve shows an amplitude of 0.26 mag.

was covered in one night on 2019 Aug. 26.
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'(52;) Europal ‘ B 105 Artemis is a C-type asteroid with a period of ~37 h. We
) - acquired 14 series of observations between 2020 Jan. 10 and 2020
Feb. 1 with TN and TS to fully cover its rotational lightcurve.
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2005). Sylvia is a relatively fast rotator and has an elongated shape
as shown by our lightcurve with a period of 5.1837 h and an

amplitude of ~0.32 mag. 128 Nemesis is a C-type asteroid and a slow rotator. Scaltriti et al.

(1979) measured a rotation period of P =39 h and Pilcher (2015)

E : (SL/‘) Sylvia 7 lmee 1 mmsosiswd measured a value double of that, with P =77.81 £ 0.01 h. Recently,
4 §omiciie s b Colazo et al. (2022) published the period P =38.907 + 0.006 h. We

observed Nemesis in 2021 Feb. and Mar. with TN and TS. Our
analysis yields a period P = 38.904 + 0.006 h that closely agrees
with that of Colazo et al. (2022). It must be noted that our data and
the shape model of Vernazza et al. (2021) favour the shorter period
of ~39h but the double period still cannot be completely ruled out.
Finally, we acquired BVRI sequences during five different nights
- 4 N, to measure Nemesis’ colors. The obtained color indexes are:
cad - BV =0.406 +0.032, VR =0.795 + 0.014, VI =0.718 + 0.028.
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88 Thisbe is a C-type asteroid that we observed during its 2019
apparition.
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145 Adeona is a C-type asteroid that we observed in 2018. The
= lightcurve amplitude is small (0.064 mag) but Adeona was bright at
[ Period: 6.0411 -+ 0.0004 h : that time with V ~11.6, resulting in good quality data.
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187 Lamberta. The lightcurve of this C-type asteroid was covered
in two nights in May 2018 with TS.
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216 Kleopatra. A very smooth lightcurve was obtained from our
2021 observations of this fascinating M-type, dog-bone shaped
asteroid with two moons (see e.g., Marchis et al., 2021).
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324 Bamberga is a large C-type asteroid with a regular and spherical
shape. It results in small brightness changes during its rotation and
makes more challenging the shape and spin axis determination. To
help constrain these parameters, we regularly observed Bamberga
during two months in 2019, from Feb. 19 to Apr. 18, and in Feb.
2020. In total we acquired more than 15000 data points. A spin
solution was found by SAGE and presented in Vernazza et al.
(2021).
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354 Eleonora is a stony asteroid that we observed in 2020 with TN.
While the first four observations were taken within nine days, 19
days separate them from the last one on May 27. The solar phase
angle increased from 12 to 18 degrees and the shape of the last curve
has slightly changed.
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476 Hedwig. Three series of data were obtained for this long period
asteroid in 2017 resulting in an incomplete lightcurve. The plot
below shows the absolute magnitude H.
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596 Scheila was observed during two nights in 2017 and more
densely during its 2019 apparition. The two lightcurves show small
amplitudes of 0.061 and 0.070 mag, respectively.
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704 Interamnia is the fifth largest main-belt asteroid with a diameter
of 332 km and a regular shape. We observed Interamnia in 2018
and 2019 and obtained dense lightcurves with amplitudes of 0.042
and 0.043 mag, respectively. A shape model and spin-state solution
are presented in Hanus et al. (2020).
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Number Name yyyy mm/dd Pts Phase Lpas Bpas Period (h) P.E. Amp A.E
7 Iris 2020 06/26-07/10 1010 1.1, .1 277 2.3 7.1385 0.0015 0.21 0.01
13 Egeria 2019 08/20 1340 9.5 337 -20 7.07 0.02 0.30 0.01
15 Eunomia 2019 06/13-06/20 2681 21.0,19.8 316 3 6.083 0.001 0.46 0.04
16 Psyche 2018 08/27-09/01 1028 18.0,17.7 239 3 4.1962 0.0004 0.07 0.01
18 Melpomene 2019 08/17-08/30 1934 22.4,25.7 284 7 11.571 0.003 0.32 0.01
20 Massalia 2017 11/10-12/09 3228 15.8, .0 84 -1 8.0979 0.0005 0.25 0.01
20 Massalia 2019 03/14 1185 21.9 235 0 8.0979 0.0005 0.22 0.02
21 Lutetia 2019 09/11 2177 9.6 3 -4 8.16 0.05 0.16 0.01
22 Kalliope 2018 02/08-03/13 1391 10.0, 8.6 190 14 4.1485 0.0008 0.03 0.01
24 Themis 2017 09/21-11/08 3264 *9.6, 7.1 27 0 8.3741 0.0002 0.12 0.01
24 Themis 2019 01/17-01/28 2099 1.4, 6.0 113 1 8.3740 0.0010 0.10 0.01
30 Urania 2020 05/07-05/28 944 22.0,22.9 167 -2 13.693 0.002 0.26 0.01
45 Eugenia 2018 03/07 1155 5.3 177 4 5.65 0.05 0.16 0.01
51 Nemausa 2019 10/23-11/14 1478 23.4,22.7 319 5 7.7843 0.0005 0.20 0.01
52 Europa 2019 08/27 635 11.1 5 =7 5.58 0.05 0.12 0.01
87 Sylvia 2019 10/03-11/09 1557 15.1,15.2 11 26 5.1837 0.0002 0.32 0.01
88 Thisbe 2019 10/25-11/24 1966 13.5,2.4 66 4 6.0411 0.0004 0.12 0.01
105 Artemis 2020 01/11-02/01 5893 11.7,15.0 106 =27 37.05 0.02 0.12 0.02
128 Nemesis 2021 02/18-03/30 5529 18.8,17.1 235 3 38.904 0.006 0.17 0.01
145 Adeona 2019 02/14-03/24 2272 17.0,25.0 116 11 15.0826 0.0007 0.06 0.01
187 Lamberta 2018 05/17-05/18 2415 15.2,15.6 337 -9 10.66 0.01 0.33 0.01
216 Kleopatra 2021 03/26-03/31 1763 16.0,15.5 247 6 5.385 0.001 0.11 0.01
324 Bamberga 2019 02/20-03/18 10393 12.5,19.9 123 4 29.4192 0.0008 0.08 0.01
324 Bamberga 2020 02/18-02/27 5043 10.7, 8.4 185 =7 29.423 0.002 0.08 0.01
354 Eleonora 2020 05/01-05/27 2167 12.2,18.0 205 22 4.2275 0.0015 0.11 0.01
476 Hedwig 2017 06/19-07/12 1132 *6.1, 5.2 280 -2 27.246 0.005 0.19 0.01
596 Scheila 2017 06/02-06/03 1342 1.8, 2.3 249 0 15.81 0.06 0.06 0.01
596 Scheila 2019 11/09-11/20 2837 6.9, 3.5 68 -2 15.8569 0.0013 0.07 0.01
704 Interamnia 2018 12/02-12/03 1395 14.8,14.7 114 -2 8.7116 0.0002 0.04 0.01
704 Interamnia 2019 01/16-02/01 2112 2.1, 7.0 114 -6 8.7116 0.0002 0.04 0.01
Table |. Observing circumstances and results. Pts is the number of data points. The phase angles are given for the first and last date and a *
indicates if it reached a minimum during the period. Lpag and Beag are the approximate phase angle bisector longitude and latitude at mid-
date range (see Harris et al., 1984).
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CCD photometric observations of 22 main-belt asteroids
were obtained at the Center for Solar System Studies
(CS3) from 2022 April-June. One revised period from
observations obtained in 2005 is also reported.

The Center for Solar System Studies (CS3) has nine telescopes
which are normally used in program asteroid family studies. The
focus is on near-Earth asteroids, Jovian Trojans and Hildas. When
it is not the season to study a family, or when a nearly full moon is
too close to the family targets being studied, targets of opportunity
amongst the main-belt families were selected.

Table I lists the telescopes and CCD cameras that were used to make
the observations. Images were unbinned with no filter and had
master flats and darks applied. The exposures depended upon
various factors including magnitude of the target, sky motion, and
Moon illumination.

Telescope Camera
0.30-m f£/6.3 Schmidt- FLI Microline
Cass 1001E
0.35-m £/9.1 Schmidt- FLI Microline
Cass 1001E
0.35-m £/9.1 Schmidt- FLI Microline
Cass 1001E
0.35-m £/9.1 Schmidt- FLI Microline
Cass 1001E
0.40-m £/10 Schmidt-Cass FLI Proline 1001E
0.40-m £/10 Schmidt-Cass FLI Proline 1001E
0.50-m F8.1 R-C FLI Proline 1001E

Table I: List of CS3 telescope/CCD camera.

Image processing, measurement, and period analysis were done
using MPO Canopus (Bdw Publishing), which incorporates the
Fourier analysis algorithm (FALC) developed by Harris (Harris et
al., 1989). The Comp Star Selector feature in MPO Canopus was
used to limit the comparison stars to near solar color. Night-to-night
calibration was done using field stars from the ATLAS catalog
(Tonry et al., 2018), which has Sloan griz magnitudes that were
derived from the GAIA and Pan-STARR catalogs and are “native”
magnitudes of the catalog. Those adjustments are usually < =+0.03
mag. The rare greater corrections may have been related in part to
using unfiltered observations, poor centroiding of the reference
stars, and not correcting for second-order extinction.

The Y-axis values are ATLAS SR “sky” magnitudes. The two
values in the parentheses are the phase angle (a) and the value of G
used to normalize the data to the comparison stars used in the
earliest session. This, in effect, made all the observations seem to

be made at a single fixed date/time and phase angle, leaving any
variations due only to the asteroid’s rotation and/or albedo changes.
The X-axis shows rotational phase from -0.05 to 1.05. If the plot
includes the amplitude, e.g., “Amp: 0.65”, this is the amplitude of
the Fourier model curve and not necessarily the adopted amplitude
for the lightcurve.

For brevity, only some of the previously reported rotational periods
may be referenced. A complete list is available at the asteroid
lightcurve database (LCDB; Warner et al., 2009).

864 Aase. Rotational periods for this member of the Flora
dynamical family have been observed several times in the past.
Kryszczynska et al. (2012), Pilcher (2017), Behrend (2019web),
and Erasmus et al. (2020) all reported periods near 3.23 h. This
year’s result is in good agreement with those prior findings.
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864 Aase
PAB Longitude Distribution

Because of the availability of the Pilcher data on the Asteroid
Lightcurve Data Exchange Format database (ALCDEF, 2020) web
site, we attempted to create a pole/shape model. We added these
two dense data sets to additional sparse data from the AstDyS-2 site
(AstDyS-2, 2020). We were able to use sparse data from the
ATLAS, Zwicky Transient Factory, and USNO surveys. The
following plots show the PAB longitude, latitude and phase angle
distributions. Green dots represent the three dense datasets, and red
dots represent sparse data from the three surveys.
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The data were combined using MPO LCInvert (Bdw Publishing).
This Windows-based program incorporates the algorithms
developed by Kaasalainen and Torppa (2001) and Kaasalainen et
al. (2001) and converted by Josef Durech from the original
FORTRAN to C. A period search was made over a sufficiently wide
range to assure finding a global minimum in %2 values. The sparse
data were weighted between 30% and 50%.

1810
864 Aase
o443 X2 versus Period

L #‘
A\ 2
o 10352 Ve f
a1 s
N
7308 o, 5

i
*

14616

wm| 8€°

ChiS

-

?

A

oo bo o

5481

3654

Period

1827

3225 3226 3227 3228 3229 3230 3231 3232 3233 3234 3235 3236 3237 3238 3239 3240

315

As is often the case, the pole model showed two possible solutions
180° apart; (A, B, P) = (64°, -77°, 3.23256 h) and (A, B, P) =
(246°, -66°, 3.23256 h). Both solutions are very close to the south
ecliptic pole indicating the rotation is retrograde, but makes the
longitude of the spin axis hard to find with certainty. Our preferred
solution is the (64°, -77°) pole position.

864 Aase

x2 versus Ecliptic Long/Lat

CS(low) +

| [/
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-90
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The two pole solutions created similar models, both with a/b ratios
of 1.3 and a/c ratios of 1.3 or 1.4.

864 Aase
(A, B, P) = (64°, -77°, 3.23256 h)

North Pole View

c

Equatorial View (Z=0°)

:‘
\

South Pole View Equatorial View (Z = 90°)

< )

a/b ratio: 1.3 a/c ratio: 1.3
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864 Aase
(A, B, P) = (246°, -66°, 3.23256 h)

North Pole View

Q

Equatorial View (Z =0°)

South Pole View Equatorial View (Z = 90°)

o

a/b ratio: 1.3 a/c ratio: 1.4

To test the model, the dense datasets were plotted against the
predicted lightcurve for each dataset. Each plot resulted in a very
good match, giving confidence in the pole/shape model result.

1806 Derice. This member of the Flora dynamical family has been
observed many times in the past by the Photometric Survey for
Asynchronous Binary Asteroids (Pravec et al., 2009web; 201 1web;
2012web; 2016web) as a ‘Prime Suspect’ of being a binary asteroid,
each time finding a period near 3.224 h. We observed it in 2020
(Stephens and Warner; 2020) finding a period of 3.2243 h with
slight deviations from the lightcurve, but no indication of a
secondary period. Our result this year is in good agreement with
those prior results. The sparser data set this year also did not show
any indication of a secondary frequency.
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2048 Dwornik. Several periods are reported in the LCDB for this

3;38 864 Aase member of the Hungaria dynamical family Warner (2016; and
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g~gg 2069 Hubble. We first observed this outer Main-belt asteroid in

0.40 2005, obtaining a very noisy dataset where the error bars met or

e exceeded the amplitude of the lightcurve; the derived period was

0.10 Rotational Phase 32.52 h. Polakis (2022) reported a period of 44.62 h using a much
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To further refine the model, the next favorable opposition is in 2023
December.

higher-quality data set. This prompted us to revisit our work by first
remeasuring the images and using SR (Sloan r’) magnitudes from
the ATLAS catalog (Tonry et al., 2018). This gave a significantly
cleaner data set with nightly zero-point shifts less than 0.04 mag.
Our revised period of 87.3 h is nearly double that found by Polakis.
Given our sparse dataset, the two results are in good agreement.
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2093 Genichesk. This member of the Baptistina dynamical family
has been observed three times in the past. Behrend (2002web) and
Warner (2008c) found periods near 11.02 h. Using data from the
Palomar Transient Factory Survey, Waszczak et al. (2015) also
found a period near 11.02 h. Our result this year is in good
agreement with those prior results.
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2784 Domeyko. This inner Main-belt asteroid has been observed
twice in the past. Almeida et al. (2004) reported a period of 5.98 h.
Polakis (2019) found a period of 6.025. Our result this year was a
full moon project, and because the period is commensurate with an
Earth day, could not completely cover the lightcurve. Still, it is in
good agreement with those prior results.
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2858 Carlosporter. Carbognani (2014) reported a period of 3.336 h
for this member of the Baptistina dynamical family. That period
was derived from two sets of observations, two months apart. The
first set was a single night, and the second set on three nights
spanning two weeks. That second set had a night in which the
magnitude of the asteroid dropped, then rose 0.45 magnitude over
the course of 30 minutes. While it is possible that was caused by a
mutual event, it seems unlikely and was not repeated on any of the
other three nights. It is more likely the drop was caused by an
observational effect. The earlier single night of observations a
month earlier was cleaner and seems to have an amplitude of about
0.10 mag.

Our observations this year occurred near a full moon when the
asteroid was also near the galactic bulge. That hampered getting
high quality data points. Compounding the situation, the lightcurve
was also very low amplitude. A period search suggested a number
of possibilities, with the strongest being between 3 and 4 hours.
With an amplitude of only 0.05 mag, there is no assurance of a
bimodal lightcurve (Harris et al., 2014). However, given
Carbognani’s first session, it is likely the true period is less than 4
hours.
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3470 Yaronika. There are only two prior periods in the LCDB for
this inner Main-belt asteroid. Ditteon (2019) reported a period of
6.63 h. Also, using data from the ATLAS survey, Durech et al.
(2020) created a pole/shape model with a sideral period of
6.63157 h. Our results this year is in good agreement with those
prior results.
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3569 Kumon. This member of the Eunomia family (Nesvorny,
2015; Nesvorny et al., 2015) was observed once before. Clark
(2019) reported a period of 7.49 h, but commented that the scatter
in the data precluded any reasonable period determination.
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Our observations immediately suggested a long period. The initial
analysis showed that the solution was dominated by a period near
58 hours. However, our data showed very distinctive signs of being

in a tumbling state (“NoSub” plot). There were signs of a second

period, one that was unlikely due to a satellite.
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A dual-period search was done using MPO Canopus, which is not
equipped to work with tumbling asteroids. This resulted in a pretty
good fit to a period of 57.36 h (“P1”), close to the single-period
solution. It is highly unlikely that the secondary period lightcurve
near 47 h (“P2”) has a physical cause, other than the asteroid being
a tumbler.

3894 Williamcooke. This member of the Eunomia dynamical
family has been observed three times in the past. Macias (2015)
found a period of 3.10 h, but it was a quadrimodal lightcurve with
an amplitude of 0.09 mag. With an amplitude of only 0.10 mag.,
there is no assurance of a bimodal lightcurve (Harris et al., 2014).

In 2018 July, we found a period of 4.16 h with an amplitude of 0.20
mag. (Stephens 2019). The 2015 Macias period is a 3:4 alias of the
4.16 h period we found in 2018. Also in 2018 July, Behrend
(2018web) reported a period of 8.3343 h. That lightcurve had six
extrema and is a 2:1 alias of our period.

Our period this year is in good agreement with our prior result, with
the lowest amplitude seen to date. The period spectrum shows
possible solutions near 2.6 h, 4.2 h, and 5.2 h, and with such a low
amplitude, single modal, bimodal, trimodal, and quadrimodal
lightcurves are all possible. We tried rephasing the lightcurve to the
3.10 h Macias period, and excluded it as a possibility. The 2.6 h
period produced a bimodal lightcurve. Our 2018 data could not be
phased to that period. By the process of elimination, a 4.173 h
period was the only period that could be phased to both our 2018
and 2022 data.
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3936 Elst. There is only one previously reported period in the
LCDB for this Vestoid. Pravec et al. (2007web) reported a period
of 6.6322 h. Our result this year is in good agreement with the
Pravec et al. period.
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5720 Halweaver. Two rotational periods were found in the LCDB
for this Mars-crosser. Warner (2008b) reported a period of
3.8883 h. Using data from the TESS spacecraft, Pal et al. (2020)
found a period of 3.88689 h. This year’s result is in good agreement
with those prior findings.
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Because of our previous data from 2008, the availability of the Pal
et al. data, and other unpublished data from Hopkins on the Asteroid
Lightcurve Data Exchange Format database (ALCDEF, 2020) web
site, we attempted to create a pole/shape model. We added
additional sparse data from the AstDyS-2 site (AstDyS-2, 2020).
We were able to use sparse data from ATLAS, Zwicky Transient
Factory and the Catalina Sky Survey. The following plots show the
PAB longitude, latitude and phase angle distributions. Green dots
represent the three dense datasets, and red dots represent sparse data
from the three surveys. The Pal et al. data is located at
(PABL = 244°, PABB = -10°, Phase = 5.2°).

5720 Halweaver
PAB Longitude Distribution

920
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The data were combined using MPO LClnvert (Bdw Publishing)
described in the 864 Aase section of this article. Only two unique
periods below the 10% 2 line was found.

5720 Halweaver

x2 versus Period
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Only one unique solution was found (172°, -80°). It was within 10
degrees of the south ecliptic pole, indicating the rotation is
retrograde, but because of its proximity to the pole, the longitude
can be ambiguous.

5720 Halweaver

x2 versus Ecliptic Long/Lat

CS(low) +

A A
NS

Period: 3.88714515 hrs  ChiSq Range: 16.0887 - 46.1511

The resulting model presents an elongated body. This is expected
given that all of the amplitudes reported in the LCDB are between
0.45 and 1.02 mag.

5720 Halweaver
(A, B, P) = (172°, -80°, 3.88715 h)

North Pole View

o

Equatorial View (Z=0°)

South Pole View Equatorial View (Z = 90°)

D ©

a/b ratio: 1.6 a/c ratio: 1.8

To test the model, these dense datasets were plotted against the
predicted lightcurve for each dataset. Each plot for the (172°, -80°)
pole position resulted in a good match. Even the Pal et al data from
the TESS spacecraft, which had an expected number of outliers,
was a good match to the predicted lightcurve giving high
confidence in the pole/shape model result. The 2022 Jan. plot was
a single night, unpublished lightcurve found in the Asteroid
Lightcurve Data Exchange Format database.
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It will be several years before its next favorable opposition for
northern hemisphere observers.

6384 Kervin. This Hungaria member has been observed numerous
times in the past. Pravec et al. (2006web) found a period of
3.6200 h. We observed the asteroid five times before as part of the
continuing program on the Hungaria asteroids. All results were
close to 3.62 h. The 2022 data produced a period of 3.6192 h if
assuming a monomodal lightcurve.

However, given the low amplitude of only 0.10 mag, the true
lightcurve might be bimodal or even multimodal (Harris et al.,
2014). The maximum amplitude found in the LCDB is only
0.16 mag, which can still make the modality of the lightcurve
uncertain.

We present an alternate period of 7.236 h with a bimodal lightcurve.
However, the so-called Split Halves plot (see Harris et al., 2014)
shows that the two halves of the lightcurve are essentially identical,
which significantly reduces the likelihood of the longer period
being the correct solution.
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7516 Kranjc. This inner Main-Belt asteroid has been observed four
times in the past. As part of a campaign for the Photometric Survey
of Asynchronous Binary Asteroids (Pravec et al., 2006), Oey et al.
(2009) observed it over two months finding a period of 3.96776 +
0.00005 h. They detected a single mutual event spanning a dozen
data points over 1-1/2 h. No other mutual event was ever detected
in any other datasets.

About the same time, Warner (2009) observed it finding a period of
3.982 h. More recently, the Photometric Survey of Asynchronous
Binary Asteroids observed it again (Pravec et al., 2019web) finding
a period of 3.9702 h. Our result this year is in good agreement with
those prior results.
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9698 Idzerda. This member of the Vesta dynamical family has been
observed twice by surveys in the past. Using data from the Asteroid
Terrestrial-impact Last Alert System (ATLAS) survey, Erasmus et
al. (2020) found a period of 5.475 h. With data from the TESS
spacecraft, Pal et al. (2020) found a period of 5.47439 h. Our result
this year is in good agreement with those prior survey results.
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(1992) 1997 TG19. This Mars-crosser has been observed twice in
the past. Higgins et al. (2006) reported a period of 5.7402 h. Using
data from the Palomar Transient Factory Survey, Waszczak et al.
(2015) found a period near 5.730 h. Our period this year is in good
agreement with those prior results.
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11450 Shearer. Using data from the Palomar Transient Factory
Survey, Waszczak et al. (2015) reported a period of 5.422 h. Our
period this year is in good agreement with that prior result.
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16214 Venkatachalam. Using data from the Palomar Transient
Factory Survey, Waszczak et al. (2015) reported a period of
6.272 h. Our period this year is in good agreement with that prior
result.
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(24029) 1999 RT198. This Mars-crosser was observed at Lowell in
2010 and 2017 (Skiff et al., 2019b), both times finding a period near
5.49 h and an amplitude over 0.7 mag. The period we found this
year is in good agreement with those prior results.
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(27262) 1999 XT184. Using data from the TESS spacecraft, Pal et
al. (2020) previously reported a period of 5.74263 h for this
Vestoid. Our period this year is in good agreement with that prior
result.
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(42811) 1999 IN81. This member of the Hungaria dynamical
family has been observed several times in the past. Warner (2008a,
2012), Benishek (2018), Skiff et al. (2019b), and Pal et al. (2020)
all found periods near 3.9 h. The period we found this year is in
good agreement with those prior results.
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49699 Hidetakasato. There are no entries in the LCDB for this
dynamical member of the Phocaea family (Nesvorny, 2015;
Nesvorny et al., 2015). We observed it in 2022 March and April.
Initial observations pointed towards a long period, but a decisive
wobble suggestive of a tumbling state was quickly apparent. That
is not a surprise given its long period and that the asteroid is
tumbling, which is likely given the damping time is between 1 - 3
Gy (Pravec et al., 2005; 2014).

The initial analysis showed that the solution was dominated by a
period near 68 hours (“NoSub”), but there were signs of a second
period, one that was unlikely due to a satellite.
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The tumbling frequencies cannot be confirmed from our data set
alone, but we attempted to solve for the dominant period of the
solution using MPO Canopus, which is not equipped to work with
tumbling asteroids. The plot labeled “P1” is the dominant
frequency, after subtracting a secondary frequency of 52.91 h.
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The cleanup on P1 is noteworthy with P2 being reasonable
compared to P1. There's a limit to the difference in periods based
on the amplitude. As a rule of thumb, the rotation and wobble
frequencies cannot be separated by more than a factor of about the
inverse amplitude of variation (Alan Harris, private
communication). Thus, for something varying by 0.5 mag., the two
periods must be within 200% of each other. So, the two periods are
plausible. The inability for MPO Canopus to work accurately with
tumbling asteroids could well be the reason for the shape and
amplitude of the P2 lightcurve.

Acknowledgements

This work includes data from the Asteroid Terrestrial-impact Last
Alert System (ATLAS) project. ATLAS is primarily funded to
search for near earth asteroids through NASA grants NN12ARS55G,
8ONSSC18K0284, and 8ONSSC18K1575; byproducts of the NEO
search include images and catalogs from the survey area. The
ATLAS science products have been made possible through the
contributions of the University of Hawaii Institute for Astronomy,
the Queen's University Belfast, the Space Telescope Science
Institute, and the South African Astronomical Observatory.

The authors gratefully acknowledge Shoemaker NEO Grants from
the Planetary Society (2007, 2013). These were used to purchase
some of the telescopes and CCD cameras used in this research.

References

AstDys-2 (2020). Asteroids - Dynamic web site.
https://newton.spacedys.com/astdys/

ALCDEF (2020). Asteroid Lightcurve Data Exchange Format
database. http.//www.alcdef.org/

Almeida, R.; Angeli, C.A.; Duffard, R.; Lazzaro, D. (2004).
“Rotation periods for small main-belt asteroids.” Astron. Astrophys.
415, 403-406.

Number Name 2021/mm/dd Phase Lpag Bpas, Period(h) P.E. Amp A.E.
864 Aase 04/14-04/15 7.8,7.3 219 6 3.240 0.002 0.34 0.05
1806 Derice 06/28-07/01 24.3,24.1 341 4 3.226 0.002 0.16 0.02
2048 Dwornik 06/06-06/09 24.8,24.3 2717 33 3.64 0.01 0.08 0.01
2069 Hubble 2005 01/17-02/04 7.3,13.5 104 10 87.3 0.1 0.34 0.03
2093 Genichesk 04/20-04/25 11.2,13.8 192 6 11.017 0.005 0.19 0.02
2784 Domeyko 05/15-05/18 22.4,23.3 192 9 6.004 0.002 0.48 0.05
2858 Carlosporter 06/06-06/09 *14.1,15.5 190 7 3.250 0.004 0.05 0.02
3470 Yaronika 06/15-06/20 26.5,27.3 213 -1 6.626 0.002 1.01 1.02
3569 Kumon 05/08-05/20 *8.2,8.0 234 17 57.36 0.06 0.35 0.01
46.84 0.007 0.36 0.05
3894 Williamcooke 05/22-05/26 10.1,9.3 255 17 4.173 0.002 0.07 0.01
3936 Elst 06/20-06/27 *24.0,22.2 271 6 6.646 0.002 0.19 0.02
5720 Halweaver 04/18-04/18 35.4 154 26 3.8852 0.0006 1.03 0.01
6384 Kervin 2022 03/24-04/02 *19.9,19.8 187 35 A3.6192 0.0008 0.10 0.01
7.236 0.002 0.09 0.01
7516 Kranijc 06/15-06/19 23.8,25.2 227 10 3.969 0.002 0.24 0.01
9698 Idzerda 04/21-05/07 12.7,19.0 189 -2 5.4753 0.0003 0.44 0.02
9992 1997 TG19 04/20-04/23 8.8,10.8 198 1 5.741 0.002 0.42 0.02
11450 Shearer 05/23-05/26 8.4,9.3 235 11 5.4239 0.0006 0.91 0.01
16214 Venkatachalam 05/27-06/05 5.7,8.5 244 9 6.263 0.001 0.40 0.02
24029 1999 RT198 04/27-05/01 10.5,12.3 196 1 5.4908 0.0006 0.81 0.01
27262 1999 XT184 04/09-04/10 0.7,1.2 198 1 5.736 0.002 0.20 0.02
29606 1998 QN94 05/02-05/21 25.9,30.1 192 26 2.8965 0.0001 0.17 0.01
42811 1999 JN81 06/21-06/25 27.0,27.2 277 35 3.902 0.002 0.16 0.02
49699 Hidetakasato 04/27-05/06 BT 801 218 10 68.33 0.06 0.52 0.50
52,91 0.11 0.17 0.03
Table Il. Observing circumstances and results. "Dominant period for a tumbling asteroid. The phase angle is given for the first and last date.
If preceded by an asterisk, the phase angle reached an extremum during the period. Leag and Bpag are the approximate phase angle bisector
longitude/latitude at mid-date range (see Harris et al., 1984). If more than one line for an asteroid, the first line gives the dominant solution
and has a T superscript. Subsequent lines are additional, not alternate, periods. See the text for more details.
Number Name A B Period A ] Period a/b ratio a/c ratio
864 Aase 64 -77 3.23256 246 -66  3.23256 1.3 1.3
5720 Halweaver 172 -80 3.88715 1.6 1.8
Table Ill. Results of Pole/Shape modeling. The preferred solution is listed first in bold text. For the ratios, ¢ = 1.0.
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CCD photometric observations of three main-belt
asteroids were made between 2022 January and March in
order to measure their rotation periods and define their
taxonomic class. The observations used instrumentation
available at our two observatories.

CCD photometric observations of three main-belt asteroids were
carried out in 2022 January and March at the Osservatorio
Astronomico Margherita Hack (A57) and Osservatorio
Astronomico Hypatia (L62). The Osservatorio Astronomico
Margherita Hack is equipped with a 0.35-m f78.25 Schmidt-
Cassegrain telescope, an SBIG ST10 XME CCD camera, and
Johnson-Cousins BVRc photometric filters. The pixel scale was
1 arcsec when binned at 2x2 pixels. The Osservatorio Astronomico
Hypatia is equipped with a 0.25-m f/5.6 Ritchey-Chretien telescope
and a Moravian G2-8300 CCD camera having the pixel scale of
0.81 arcsec at 1x1 binning, and Rc photometric filter. Data
processing and analysis were done with MPO Canopus (Warner,
2021). All images were calibrated with dark and flat field frames
using Astroart 6.0. and MaximDL. Table I shows the observing
circumstances and results.

417 Suevia was discovered at Heidelberg on 1896 May 6 by M.F.
Wolf. It is a main-belt asteroid with a semi-major axis of 2.800 au,
eccentricity 0.135, inclination 6.65 deg, and orbital period of 4.69
years. Its absolute magnitude is H = 9.56 (JPL, 2022; MPC, 2022).

In this case, our observations were conducted in two steps. The first
step consisted in collecting 192 data points during two nights on
2022 Feb 23 and 24. The period analysis shows a bimodal solution
for a rotational period P = 7.034 + 0.002 h with an amplitude
A = 0.12 + 0.02 mag. The split-halves plot let us resolve the
potential ambiguity between monomodal and bimodal solution by
showing that the two halves of the 7.034 h solution are not
superimposable. This makes the bimodal solution much more
probable. As a further check, we consulted the asteroid lightcurve
database (LCDB; Warner et al., 2009) and found three previously
reported periods: Barucci et al. (1992, 7.034 h), Fauvaud and
Fauvaud (2013, 7.020 h), and Martikainen et al. (2021, 7.0185 h).
The period we found seems to be in good agreement with those
previous results.

Number Name 2022 mm/dd Pts Phase LPAB BPAB Period(h) P.E. Amp A.E. Grp
417 Suevia 02/22 192 3.37 152 -6 7.034 0.002 0.12 0.014 MBA
554 Peraga 01/13 391 6.53 103 1 13.715 0.002 0.18 0.01 MBA
747 Winchester 03/01 513 5.46 168 14 9.418 0.002 0.13 0.016 MBA

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. Lpag and
Beag are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid

family/group (Warner et al., 2009).
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In the second step, we collected further 67 data points in one night
using B, V, and Rc filters. This allowed us to determine the color
indexes (V-R) = 0.420 + 0.005 and (B-V) = 0.716 + 0.008. These
values are consistent with a medium albedo M-type taxonomic class
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(Shevchenko and Lupishko, 1998) and in good accordance with the
previously published results in the LCDB. The albedo of 0.1637
(Warner, B.D. et al., 2009) is also consistent with a taxonomic class
of type M (Shevchenko and Lupishko, 1998).

554 Peraga was discovered on 1905 Jan 8§ at Heidelberg by P. Gotz.
It was chosen from the list of lightcurve photometry opportunities
in the Minor Planet Bulletin (Warner et al., 2022). It is a main-belt
asteroid with a semi-major axis of 2.375 au, eccentricity 0.1519,
inclination 2.935 deg, and orbital period of 3.66 years. Its absolute
magnitude is #=9.13 (JPL, 2022; MPC, 2022).

We consulted the asteroid lightcurve database (LCDB; Warner et
al., 2009) and found five previous calculated periods: Scaltriti and
Zappala (1979, 13.63 h), Behrend (2004web, 13.707 h; 2006web,
13.7 h), Higgins et al. (2007, 13.7128 h), and Stephens (2007, 13.71
h).

Our observations were again conducted in two steps. The first
consisted of collecting 391 data points during three nights from
2022 Jan 13-22. The period analysis shows a bimodal solution for
the rotational period with P = 13.715 £+ 0.002 h and an amplitude
A =0.18 + 0.01 mag. The split-halves plot resolved the potential
ambiguity between a monomodal and bimodal solution by showing
that the two halves of the 13.715 h solution are not superimposable.
This makes the bimodal solution much more probable. The period
we found seems to be in good agreement with the previous results.
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In the second step, we collected an additional 51 data points in one
night using filters B, V and Rc. This allowed us to determine the
color indexes (V-R) = 0.37 + 0.004 and (B-V) = 0.691 + 0.005.
These values are consistent with a low albedo C-type taxonomic
class (Shevchenko and Lupishko, 1998) and in good accordance
with the previously published results in the LCDB.
The albedo of 0.044 (Warner, B.D. et al., 2009) is also consistent
with a taxonomic class of type C (Shevchenko and Lupishko, 1998).
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747 Winchester was discovered at Winchester on 1913 Mar 7 by J.
H. Metcalf. It is a main-belt asteroid with a semi-major axis of 3.001
au, eccentricity 0.339, inclination 18.22 deg, and orbital period of
5.2 years. Its absolute magnitude is H = 7.84 (JPL, 2022; MPC,
2022).

Keeping with the method mentioned above, the first of two steps of
observations collected 513 data points from 2022 Mar 2-12. Period
analysis shows a bimodal solution with P = 9.418 + 0.002 h and
amplitude 4 = 0.13 £+ 0.02 mag. The split-halves plot shows that the
bimodal solution is the most probable. We found at least three
previous results in the LCDB (Warner et al., 2009) in good
agreement with ours: Warner (2007, 9.4146 h), Pilcher (2010;
9.414 h), and Durech et al. (2011; 9.414 h).

Phased Plot: 747 Winchester
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In the second step, we collected further 69 data points in one night
using filters B, V and Rc. This allowed us to determine the color
indexes (V-R) =0.39 £ 0.02 and (B-V) = 0.66 + 0.02. These values
are consistent with a low albedo C-type taxonomic class
(Shevchenko and Lupishko, 1998) and in good accordance with the
previously published results in the LCDB. The albedo value of
0.0435 (Warner et al., 2009) is also consistent with a taxonomic
class of type C (Shevchenko and Lupishko, 1998).
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2265 Verbaandert was imaged on seven nights between
2022 Feb 13 and 2022 Apr 03. A period of 2.8143
+0.0001 hours and amplitude of 0.105 magnitude are
reported. 3787 Aivazovskij was imaged five nights
between 2022 Jan 06 and 2022 Feb 07. A period of
2.9532+0.0001 hours and amplitude of 0.191 magnitude
are reported. 4528 Berg was imaged on eight nights from
2022 Apr 07 to 2022 May 07. A period of 3.5630+0.0001
hours and amplitude of 0.345 magnitude are reported.

Photometric measurements of three main-belt asteroids were
performed by first author Wiley at the Live Oaks Observatory near
Pontotoc, Texas (MPC V62). Images were taken with a 0.36m f/ 7.2
corrected Dall-Kirkham telescope, SBIG Aluma 3200 CCD, and no
filter. Nightly ephemeris positions were obtained from the Minor
Planet Center. Exposure time of all images was 180 seconds. The
image scale was 1.094 arcseconds/pixel binned 2x2. Images were
calibrated with bias (N = 100), dark (N = 30) and flat frames
(N=21) in MaxIm DL. Flat images were taken using a full spectrum
LED panel. Alignment, plate solving, and data reduction were
preformed using Tycho Tracker (Parrott, 2021). Comparison stars
(five minimum) were picked from Tycho Tracker’s “Find Comp
Stars” which presents those stars in the FOV (19.6°x13.3”) with
suitable comp stars similar in color to the Sun, typically
0.55 <B-V <0.90. Clear instrumental magnitudes are converted to
Sloan r’ (SR) magnitudes using the Atlas All-Sky Reference
Catalog (Tonry et al., 2018) within Tycho Tracker. (Two runs are
exceptions as noted below.) Fourier analysis was used to find the
periods. For each asteroid an initial search was conducted for
periods between one and eight hours to investigate aliases. A final
step size between one and four hours with 30,000 steps was used to
determine the periods and amplitudes. A fit order = 6 was used for
2265 Verbaandeert while a fit order = 4 was used for both
3787Aivazovskij and 4528 Berg. Figures were made in MPO
Canopus (Warner, 2010) to conform to the Minor Planet Bulletin
format by F. P. using ALCDEF files generated in Tycho Tracker.

2265 Verbaandert (1950 DB) was discovered by Sylvain J.V. Arend
at the Observatoire royal de Belgique. It is a carbonaceous mid-
main-belt (9105) asteroid of 12 km in diameter (JPL, 2022).
Waszczask et al. (2015) estimated a rotation period of 2.990
+0.0006 hours based on sparse photometric data.

Verbaandert was imaged over seven nights in 2022 from late
February, late March and early April; see Table I for details. Fourier
analysis in Tycho Tracker and a fit order of 6 reported a new period
of 2.8143+0.0001 hours with an amplitude of 0.105 magnitude
(Fig. 1). Photometric precision averaged 0.008 magnitude. Fitting a
2.8143-hour period to data from the existing ALCDEF yielded the
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same fit as the analysis of our data but a slightly worse fit for the
Waszczask et al. (2015) period. A period of 2.990 hours results is a
poor fit to our data. The period spectrum is shown in Fig. 2.
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Figure 1. 2265 Verbaandert Phase Plot.
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Figure 2. 2265 Verbaandert, period spectrum from 2 to 6 hours
showing an alias at 5.6287 hours.

3787 Aivazovskij (1977 RG7) is an outer main-belt stony asteroid
discovered by Nikolai Chernykh at the Crimean Astrophysical
Observatory (Nauchnyj) belonging to the Itha family (633). It is
about 12 kilometers in diameter and elongate. Period estimates in
hours include Behrend (2018web: 2.95398+0.0007), Sada (2008:
2.97+0.01), Waszczak et al. (2015: 2.95340.0005), and Hanus et al.
(2016: 2.980807+0.000005) who also determined the spin axis
(pole) and modeled the asteroid shape. The period listed in the
Summary of the ALCDEF data page (Warner et al., 2009) is
2.95395 hours with an amplitude range of 0.18-0.24 magnitude.

Wiley picked this asteroid as a fast-rotating asteroid for training to
perform asteroid lightcurves as the rotation period and amplitude
seemed well established. To explore filters, Wiley used a Cousins
R for two nights and no filter for three. Fourier analysis in Tycho
Tracker and a fit order of 4 reported a period of 2.9532+0.0001
hours with an amplitude of 0.191 magnitude (Fig. 3). Photometric
precision average 0.007 magnitude. Because there was a difference
between the ALCDEF period and ours that exceeded errors we
downloaded the ALCDEEF file and reanalyzed the data with the
same parameters used for our data. The period returned was
2.9533+40.0001 hours, within errors (in rounding) of our analysis.
Given the period and amplitude shown in Table I, both similar to
the re-analyzed period and amplitude in the ALCDEF gave
confidence that Wiley could do further work with two asteroids that
appeared on the January-March lightcurve opportunities list
(Warner et al., 2022).
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Figure. 3. 3787 Aivazovskij, Phase Plot.
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Figure 4. 3787 Aivazovskij, period spectrum from 2 to 6 hours
showing aliases to period solution.

Number Name 2022/mm/dd Pts Phase Lpap  Bpag  Period(h) P.E. Amp A.E. Grp
2265 Verbaandert 02/13-04/03 811 16.9,10.9 162 16 2.8143 0.0001 0.105 0.0173 9105
3787 Aivazovskij 01/06-02/07 438 10.2,19.3 91 -14 2.9532 0.0001 0.191 0.0199 633
4528 Berg 04/07-05/07 587 22.9,21.7 169 3 3.5630 0.0002 0.345 0.0295 9104

Table |. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last dates. Lpag and
Brag are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid

family/grpup (Warner et al., 2009).
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4528 Berg (1983 PP) is a main-belt asteroid discovered by Edward
Bowell (Lowell Observatory) and named for the Austrian composer
Alban Berg. Itis 9 km in diameter (JPL, 2022). Behrend (2006web),
using observations from Pierre Antonini posted a provisional
rotation period of 3.5163+0.004 hours. Stecher et al. (2015)
estimated a period of 3.47+0.47 hours. With almost complete
coverage Polakis (2018) found the period to be 3.5626+0.0004
hours. Data from Polakis (2018) for one night in 2014 in Johnson V
(Pts =109) and six nights in 2018 in C (Pts = 342) were downloaded
from the ALCDEF database. Fourier analysis resulted in the same
period and uncertainty reported here. 4528 Berg was recently found
to be binary (Benishek et al., 2022) using a much larger data set
than reported here and reported a primary rotation period (3.5627 +
0.0001 hr), a satellite orbital period (35.02 + 0.02 hr) and a light
curve amplitude (0.23 magnitude at solar phases 1-4 degrees).

Berg was imaged over eight nights between 2022 April 07 and 2022
May 07 with a total of 587 images covering all phases of the
lightcurve. Precision was in the millimagnitudes in April (0.007)
and decreased to an average 0.01 magnitude in May as the asteroid
dimmed. Fourier analysis of fit = 4 in Tycho Tracker returned a
rotation period of 3.5630 + 0.0001 hr (Figs. 5, 6). This is close to
the primary rotation period reported by Benishek et al. (2022). We
note that the minima from two nights (2022/05/07, phase 0 and
2022/04/08 at phase 0.50) show a magnitude drop of ca. 0.10
magnitude. To explore these possible mutual events, we employed
the dual period algorithm of MPO Canopus to extract the secondary
period. Further analysis of our data was carried out using MPO
Canopus (Warner, 2010) to investigate possible mutual events,
using the dual period feature as detailed below. Peranso
(Vanmunster, 2013) was used to estimate or calculate minima of
mutual events.

Our primary lightcurve is shown in Fig. 7 and the satellite
lightcurve in Fig. 8. Using the original data from both nights on
which a mutual event was observed we were able to calculate a time
of minimum HJD 2459706.67713 (2022 May 7, 04:15:4.03 UT) for
the 05-07 date using the Kwee-van Woerden (1956) algorithm
implemented in Peranso. There were insufficient data points to
calculate the minimum for the April 8 mutual event, an estimate
based on the minimum magnitude observed is HID 2459677.72
(2022 April 8 05:16:48 UT). See Table I for details.

16.101 Phased

Plot: 4528 Berg Year: 2022

A 1818 - 05/07|
v 1819 - 05/03)
+ 1820 - 05/01
16.15-

16.20 -

16.25-

-

4

w

=3
T

16.35-

16.40 -

Magnitude(S) alpha(22.9°)
>
'S
[
T

16.50 -

16.55-

16,60 -

16.65- B
Period: 3.5630 + 0.0001 h JDo(LTC): 2459676.597765
L L L I

| | L L | L L
0.00 010 020 030 040 050 0.60 070 0.80 090 1.00

Figure 5. 4528 Berg, Phase plot.
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Figure 6. 4528 Berg, Period Spectrum from 2 to 8 hours showing alias
at ca. 7.12 hours.
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Figure. 7. 4528 Berg primary light curve.
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Figure. 8. Light curve of the 4528 Berg satellite showing the mutual
events (Occultations, eclipses, or transits) based on the orbital period
of the satellite from Benishek et al. (2022). Magnitude zero is the
average magnitude of the primary.
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Lightcurves and synodic rotation periods were
established for 35 asteroids wusing photometric
observations carried out at Sopot Astronomical
Observatory between 2021 November and 2022 July are
presented in this paper.

Photometric observations of 35 asteroids were conducted at Sopot
Astronomical Observatory (SAO) from 2021 November through
2022 July in order to determine the asteroids’ synodic rotation
periods. For this purpose, two 0.35-m f76.3 Meade LX200GPS
Schmidt-Cassegrain telescopes were employed. The telescopes are
equipped with a SBIG ST-8 XME and a SBIG ST-10 XME CCD
cameras. The exposures were unfiltered and unguided for all
targets. Both cameras were operated in 2x2 binning mode, which
produces image scales of 1.66 arcsec/pixel and 1.25 arcsec/pixel for
ST-8 XME and ST-10 XME cameras, respectively. Prior to
measurements, all images were corrected using dark and flat field
frames.

Photometric reduction was conducted using MPO Canopus
(Warner, 2018). Differential photometry with up to five comparison
stars of near solar color (0.5 <B-V <0.9) was performed using the
Comparison Star Selector (CSS) utility. This helped ensure a
satisfactory quality level of night-to-night zero-point calibrations
and correlation of the measurements within the standard magnitude
framework. Field comparison stars were calibrated using standard
Cousins R magnitudes derived from the Carlsberg Meridian
Catalog 15 (VizieR, 2022) Sloan r' magnitudes using the formula:
R =r'-0.22 in all cases presented in this paper. In some instances,
small zero-point adjustments were necessary in order to achieve the
best match between individual data sets in terms of achieving the
most favorable statistical indicators of Fourier fit goodness.

Lightcurve construction and period analysis were performed using
Perfindia custom-made software developed in the R statistical
programming language (R Core Team, 2020) by the author. The
essence of its algorithm is reflected in finding the most favorable
solution for rotational period by minimizing the residual standard
error of the lightcurve Fourier fit.

The lightcurve plots presented in this paper show so-called 2% error
for rotational periods, i.e., an error that would cause the last data
point in a combined data set by date order to be shifted by 2%
(Warner, 2012) and represented by

AP=(0.02-P%)/T

where P and T are the rotational period and the total time span of
observations, respectively. Both of these quantities must be
expressed in the same units.

Some of the targets presented in this paper were observed within
the Photometric Survey for Asynchronous Binary Asteroids
(BinAstPhot Survey) under the leadership of Dr. Petr Pravec from
Ondfejov Observatory, Czech Republic.
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Table I gives the observing circumstances and results.

87 Sylvia. The rotation period derived from the 2022 March SAO
observations, P =5.18 = 0.02 h, is in full agreement with virtually
all previously recorded values in the Asteroid Lightcurve Database
(LCDB; Warner et al., 2009a), including 5.183 h (Schober and
Surdej, 1979), 5.184 h (Foerster and Potthoft, 2001), 5.1833 h
(Behrend, 2007web), and 5.1858 h (Behrend 2021web).

87 Sylvia
Period: 5.18 +/-0.02h JDo (LTC): 2459657.57626
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967 Helionape. Photometric data obtained at SAO in early 2022
February over four nights indicate a bimodal lightcurve solution
with a corresponding period of P=3.233 +0.002 h, perfectly in line
with previous higly-consistent results: 3.234 h (Apostolovska et al.,
2009), 3.232 h (Kryszczynska et al., 2012), and 3.2341 h (Behrend,
2020web).

967 Helionape
Period: 3.233 +/-0.002 h JDo (LTC): 2459615.23237
Amp: 0.19 mag. Fourier Order: 9
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1019 Strackea. During the 2022 apparition, this Hungaria asteroid
was observed at two different viewing geometries resulting in two
separate data groups and two composite lightcurves different in
shape. The first data group was obtained on two consecutive nights
in 2022 April and show a bimodal lightcurve phased to a period of
P =4.05+0.02 h as a plausible solution.

1019 Strackea
Period: 4.05+/-0.02h JDo (LTC): 2459687.46643
Amp: 0.22 mag. Fourier Order: 13
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Another group of data acquired over 6 nights from mid-2022 June
to early 2022 July also indicates a bimodal solution corresponding
to the period of P =4.0460 + 0.0007 h.

1019 Strackea
Period: 4.0460 +/- 0.0007 h JDo (LTC): 2459745.34857
Amp: 0.3 mag. Fourier Order: 9
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Both results are not only mutually consistent, but are also consistent
with most previously established periods: 4.05 h (Behrend,
2006web), 4.044 h (Warner, 2009b), 4.047 h (Warner, 2011),
4.048 h (Stephens and Warner, 2019), and 4.04729 h (Pal, 2020).

1156 Kira. Data obtained on a single night in 2022 January were
sufficient to achieve coverage of more than one rotation cycle and
to establish at least a coarse period of P = 2.71 + 0.05 h.
Nevertheless, it matches quite well the previous period results
recorded in the LCDB: 2.79103 h, 2.79105 h, and 2.79113 h
(Dykhuis et al., 2016), and 2.791 h (Polakis, 2021).

1156 Kira
Period: 2.71 +/-0.05 h JDo (LTC): 2459627.524
Amp: 0.19 mag. Fourier Order: 7
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1346 Gotha. A bimodal period of P =2.640 + 0.002 h is singled out
as the most favorable result in the period analysis conducted upon
the data collected over four nights in 2022 January. A search for
previously determined periods in the LCDB finds a series of values
in very good agreement with the newly established result, for
example: 2.6548 h (Behrend, 2006web), 2.64067 h (Behrend,
2011web), 2.640 h (Waszczak et al., 2015), and 2.642 h (Aznar
Macias, 2017).

1346 Gotha
Period: 2.640 +/-0.002 h JDo (LTC): 2459595.208
Amp: 0.18 mag. Fourier Order: 11
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1664 Felix. In this case as well, the data are divided into two groups
collected at two different viewing geometries during the same 2022
apparition. The first group was obtained over two consecutive
nights in 2022 January while the second one was acquired on two
consecutive nights two months later. Consequently, as a result of
period analysis, two bimodal lightcurves of different shape phased
to statistically identical period values of 3.345 + 0.008 h and
3.344 + 0.009 h were constructed. An insight into the LCDB
database indicates a very good agreement with the new results and
those previously determined by Higgins et al. (2008, 3.3454 h) and
a sidereal rotation period by Durech et al. (2020, 3.344855 h).

1664 Felix
Period: 3.345 +/-0.008 h JDo (LTC): 2459596.45417
Amp: 0.53 mag. Fourier Order: 11
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1664 Felix
Period: 3.344 +/-0.009 h JDo (LTC): 2459656.45816
Amp: 0.45 mag. Fourier Order: 11
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1816 Liberia. Data from two consecutive nights in 2022 May led to
an unambiguous bimodal solution with a period of P = 3.086 +
0.007 h. The SAO data collected in the 2019 apparition showed an
identical result of 3.08606 h (Benishek, 2020).

1816 Liberia
Period: 3.086 +/- 0.007 h JDo (LTC): 2459715.32434
Amp: 0.39 mag. Fourier Order: 11
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1878 Hughes. This was a BinAstPhot Survey target. According to
the LCDB records on this asteroid, there is only one previously
known rotation period, Molnar et al. (2018, 2.683 h). A bimodal
period of P = 2.6833 + 0.0003 h found from the 2022 February-
March SAO data apparently confirms the previous finding.
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1878 Hughes
Period: 2.6833 +/-0.0003 h JDo (LTC): 2459635.2993
Amp: 0.16 mag. Fourier Order: 11
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1884 Skip. Previously known rotation periods include Di Martino
et al. (1994, 3.079 h), Behrend (2017web, 7.7477 h), Benishek and
Rowe (2018, 2.89484 h), Skiff et al. (2019, 2.8887 h), and a sidereal
period by Durech et al. (2020, 2.89442 h). The 2022 apparition SAO
observations obtained on five nights in January and three nights in
February produced two bimodal lightcurves with statistically equal
periods of 2.894 + 0.002 h (January) and 2.895 + 0.004 h
(February).
1884 Skip

Period: 2.894 +/-0.002 h JDo (LTC): 2459595.20188
Amp: 0.23 mag. Fourier Order: 11
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1884 Skip
Period: 2.895 +/- 0.004 h JDo (LTC): 2459627.26491
Amp: 0.25 mag. Fourier Order: 13
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2635 Huggins. A rotation period result of P = 3.1320 + 0.0007 h,
found from SAO data obtained on three nights in 2022 April,
corroborates a previous result by Waszczak et al. (2015, 3.129 h).

2635 Huggins
Period: 3.1320 +/- 0.0007 h JDo (LTC): 2459677.2671
Amp: 0.07 mag. Fourier Order: 11
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2714 Matti. A bimodal period solution of P = 9.27 + 0.02 h was
obtained from a data set obtained over two nights in 2022 April.
Durech et al. (2020) found a sidereal rotation period of 9.27359 h.

2714 Matti
Period: 9.27 +/-0.02h JDo (LTC): 2459677.27034
Amp: 0.3 mag. Fourier Order: 11
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3057 Malaren. A period of 4.496 + 0.002 h was found from data
obtained on six nights in 2022 March-April. The result is identical
to the only previous result of 4.496 h by Waszczak et al. (2015).

3057 Malaren
Period: 4.496 +/-0.002 h JDo (LTC): 2459664.55561
Amp: 0.28 mag. Fourier Order: 11
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3263 Bligh was observed on four nights in late 2022 January. Period
analysis led to a bimodal solution with P = 3.191 + 0.002 h. This
matches very well with the only previously known period
determination by Casalnuovo (2014, 3.193 h).

3263 Bligh
Period: 3.191 +/-0.002 h JDo (LTC): 2459602.59115
Amp: 0.16 mag. Fourier Order: 8

= 1-2022-1-23.1
D15.6 ©2-2022-1-24.2|
-] *3-2022-1-25
© 4-2022-1-28

=
(3
®

Magnitude ( R ) alpha (
E
o ©

0.00 0.25 0.75 1.00

0.50
Rotational Phase

3388 Tsanginchi. A period of P = 3.2570 + 0.0005 h was
determined from observations made on four nights in 2022 January.
An excellent match with a rotation period result found by Durkee
(2011, 3.257 h) is obvious.
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3388 Tsanghinchi
Period: 3.2570 +/- 0.0005 h JDo (LTC): 2459584.19638
Amp: 0.28 mag. Fourier Order: 8
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3477 Kazbegi. Period analysis conducted on the 2022 May-June
combined data set yielded an unequivocal bimodal period solution
of P=8.401+0.002 h.

3477 Kazbegi
Period: 8.401 +/-0.002 h JDo (LTC): 2459704.40835
Amp: 0.19 mag. Fourier Order: 11
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4235 Tatishchev. No records on previous rotation period
determinations were found in the LCDB. Photometric observations
taken with high cadence on two consecutive nights in 2022 March
proved sufficient to unambiguously establish a bimodal lightcurve
solution phased to a period of P =5.07 + 0.02.

4235 Tatishchev
Period: 5.07 +/-0.02 h JDo (LTC): 2459651.29861
Amp: 0.38 mag. Fourier Order: 11
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4935 Maslachkova. A period of P=2.91 £ 0.03 h, determined from
a single night of observations in 2021 November, is statistically
consistent with the results found by Galad et al. (2009, 2.90192 h)
and Waszczak et al. (2015, 2.903 h).

4935 Maslachkova
Period: 2.91 4/-0.03 h JDo (LTC): 2459540.18875
. Amp: 0.23 mag. Fourier Order: 11
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5129 Groom. This asteroid was a BinAstPhot Survey returning
binary suspect. Data obtained on three nights in 2022 May show a
synodic rotation period of P = 3.638 + 0.002 h, a result that is in
very good agreement with the vast majority of previously
determined values: 3.636 h (Behrend, 2007web), 3.6378 h (Pravec,
2007web), 3.6374 h (Pravec, 2011web), 3.6362 h (Pravec,
2012web), 3.6371 h (Pravec, 2016web), 3.6376 h (Pravec,
2018web), and a sidereal period of 3.63759 h by Durech et al.
(2020). No significant deviations in the lightcurve that could point
to the existence of a secondary rotation component or mutual events
were detected during the 2022 apparition.

5129 Groom
Period: 3.638 +/-0.002 h JDo (LTC): 2459709.29881
Amp: 0.21 mag. Fourier Order: 9
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5182 Bray. Analysis of four nights of observations at SAO in 2022
late June to early July indicate a short rotation period bimodal
solution of P = 2.884 + 0.002 h, which is consistent with other
values found to date, e.g., 2.883 h (Klinglesmith, 2014web),
2.884 h (Behrend, 2018web), and 2.86 h (Fauerbach, 2019).

5182 Bray
Period: 2.884 +/-0.002 h JDo (LTC): 2459758.31048
5 Amp: 0.27 mag. Fourier Order: 9
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6714 Montreal. Prior to this rotation period determination there was
only one sidereal period result reported by Durech (2020,
2.651089 h). Period analysis of the 2022 May SAO data taken on
three nights yielded a synodic period of P =2.651 +0.002 h.
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Period: 2.651 +/-0.002 h JDo (LTC): 2459703.50538
Amp: 0.25 mag. Fourier Order: 8
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6729 Emiko. The only previously reported rotation period by
Behrend (2016web, 3.13 h) is highly consistent with the value of
P =3.14 £ 0.03 h shown here, which was obtained from the single
night dense photometric data taken in 2022 mid-March.

6729 Emiko
Period: 3.14 4+/-0.03 h JDo (LTC): 2459653.26342
Amp: 0.17 mag. Fourier Order: 11
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6920 Esaki. This is a Vestoid asteroid with no previously known
spin rate. Four data sets obtained at SAO in 2022 February reveal a
fairly fast rotation with a period of P =3.069 + 0.002 h.

6920 Esaki
Period: 3.069 +/-0.002 h JDo (LTC): 2459618.66787
Amp: 0.35 mag. Fourier Order: 11
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7172 Multatuli
Period: 3.479 +/-0.003 h JDo (LTC): 2459614.30808
Amp: 0.35 mag. Fourier Order: 11
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7516 Kranjc. This was a returning BinAstPhot Survey suspected
binary asteroid. A unique bimodal rotation period solution of
P =3.9690 + 0.0009 h was determined from the SAO dense
combined data set obtained over five nights in 2022 April. The
newly found value corresponds very well to those previously
known, such as 3.96769 h (Pravec, 2008web), 3.96776 h (Oey,
2009), 3.982 h (Warner, 2009c), and 3.9702 h (Pravec, 2019web).
No significant attenuations in the rotational lightcurve that could be
a binarity indicator were detected in the 2022 apparition data.

7516 Kranjc
Period: 3.9690 +/- 0.0009 h JDo (LTC): 2459683.52213
Amp: 0.18 mag. Fourier Order: 9
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7736 Nizhnij Novgorod. Papini et al. (2019) reported a value of
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7172 Multatuli. Erasmus et al. (2020) report a value of 3.357 h for
rotation period. The uncertainty score of U = 2- assigned in the
LCDB indicates that the result, the only one previously reported, is
mostly unreliable, i.e., barely statistically valid for rotation rate
studies. The 2022 February dense cadence SAO combined data set
obtained over four nights shows a somewhat different rotation
period of P = 3.479 + 0.003 h based on a bimodal lightcurve
solution.

2.858 h for rotational period. Period analysis of the SAO combined
photometric data set obtained over five nights in 2022 May-June
yielded a period P = 2.8582 + 0.0004 h, which is equal to the one
previously determined.

7736 Nizhnij Novgorod

Period: 2.8582 +/-0.0004 h JDo (LTC): 2459726.35404
Amp: 0.24 mag. Fourier Order: 11

=
o
N

s
o
o

=
o
©

Magnitude ( R ) alpha ( 10.9 deg.)

-
-
o

0.00 0.25 0.75 1.00

0.50
Rotational Phase

11001 Andrewulff. This was another returning BinAstPhot Survey
binary suspect. The period of P =3.964 = 0.001 h derived from the
2022 March-April SAO observations matches well with two
previously reported results by Pravec (2012web, 3.9638 h) and
Waszczak et al. (2015, 3.965 h). No signs of a possible satellite were
observed.
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11001 Andrewulff
Period: 3.964 +/- 0.001 h JDo (LTC): 2459661.56287
Amp: 0.13 mag. Fourier Order: 8
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(11512) 1991 AB2. Hess and Ditteon (2016) found a period of
2.933 h. The period result obtained using 2022 February-March
SAO data collected on three nights is P = 2.9334 + 0.0004 h.

(11512) 1991 AB2
Period: 2.9334 +/-0.0004 h JDo (LTC): 2459633.61518
Amp: 0.17 mag. Fourier Order: 8
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(13255) 1998 OH14. This was a BinAstPhot Survey target. The
rotation period found in 2017 from the BinAstPhot Survey
observations by Donald Pray is 3.2941 h (Pravec, 2017web). Any
significant rotational lightcurve deviations were not detected at that
time.

During the 2022 apparition, this target was observed at SAO in
February and March. Due to viewing geometry changes over the
time span of observations, the data were split into two separate
groups, each producing a lightcurve of different shape from the
other.

No significant deviations that could indicate the presence of a
satellite were observed in either of the lightcurves. Results for
rotation period obtained from both combined data sets in
independent period analyzes are higly consistent with each other:
3.2927 + 0.0007 h (2022 February, five nights) and 3.293 +
0.003 h (2022 March, four nights).

(13255) 1998 OH14
Period: 3.2927 +/- 0.0007 h JDo (LTC): 2459620.25346
Amp: 0.12 mag. Fourier Order: 11
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(13255) 1998 OH14
Period: 3.293 +/- 0.003 h JDo (LTC): 2459661.2471
Amp: 0.13 mag. Fourier Order: 9
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17170 Vsevustinov. This returning BinAstPhot Survey suspected
binary asteroid was observed in the 2012 apparition without any
sign of a satellite. During the 2022 apparition, observations were
made in April and May for a total of eight nights. The 2012 result
for a rotation period of 3.3750 h (Pravec, 2012web) is almost
identical to the newly established result of P = 3.3746 + 0.0005 h
derived from the 2022 data. As in 2012, the 2022 observations
found no lightcurve deviations that would indicate a satellite.

17170 Vsevustinov
Period: 3.3746 +/- 0.0005 h JDo (LTC): 2459682.29106
Amp: 0.15 mag. Fourier Order: 12
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(21831) 1999 TX93. No previous rotation period reports were
found in the LCDB. Photometric observations with dense cadence
were carried out at SAO on three nights in 2022 February-March.
Although the data analysis indicates a small lightcurve amplitude of
only 0.1 mag, a reliable unique period of P =4.0940 + 0.0008 h was
established.

(21831) 1999 TX93
Period: 4.0940 +/- 0.0008 h JDo (LTC): 2459634.60206
Amp: 0.1 mag. Fourier Order: 9
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(23456) 1989 DB. A plausible rotation period of P = 2.8040 +
0.0005 h was found from the 2022 February-March combined data
set obtained over five nights. The possibility of a harmonically
related bimodal period solution of 5.609 + 0.002 h, i.e., 2P, within
the perod error, was ruled out since the two halves of the
corresponding bimodal lightcurve were essentialy equal. According
to the LCDB, this is the first reported period for the asteroid.

Minor Planet Bulletin 49 (2022)



(23456) 1989 DB
Period: 2.8040 +/- 0.0005 h JDo (LTC): 2459634.6625
0 Amp: 0.08 mag. Fourier Order: 6
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Split Halves Phased Plot: (23456) 1989 DB
Period: 5.609 +/-0.002 h JDo (LTC): 2459634.66249968
o Amp: 0.08 mag. Fourier Order: 6
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24779 Presque Isle. A search for of the LCDB found no previous
results. Period analysis conducted on the 2022 June SAO combined

data set shows a secure bimodal lightcurve with a period of
P =4.4844 +0.0008 h.

24779 Presque Isle
Period: 4.4844 +/-0.0008 h JDo (LTC): 2459733.49012
Amp: 0.22 mag. Fourier Order: 13
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(36619) 2000 QE151. A period of P =2.5830 £+ 0.0007 h was found
from the 2022 January-February combined data set. This closely
matches the only previous result of 2.58294 h found by Pal et al.
(2020).

(36619) 2000 QE151
Period: 2.5830 +/- 0.0007 h JDo (LTC): 2459610.49769
Amp: 0.13 mag. Fourier Order: 13
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(42701) 1998 MD13. As in some cases described above, the data
were divided into two groups and analyzed separately due to the
changing viewing geometry and lightcurve shape over the
observing span (2022 April-May). The established period values are
exactly the same for both data groups (including the period errors):
P =2.604 + 0.002 h. Previously known period determinations
include 2.602 h (Klinglesmith and Lovata, 2018), 2.603 h (Papini
et al.,, 2019), and 2.603 h (Rowe, 2019).

(42701) 1998 MD13
Period: 2.604 +/-0.002 h JDo (LTC): 2459677.5167
Amp: 0.12 mag. Fourier Order: 11
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(42701) 1998 MD13
Period: 2.604 +/-0.002 h JDo (LTC): 2459722.30834
i Amp: 0.1 mag. Fourier Order: 9
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(170891) 2004 TY16. The rotation period presented here for this
near-Earth asteroid (P =2.791 £+ 0.003 h) is fully accordant with the
only previously reported result by Carbognani (2008, 2.795 h).

(170891) 2004 TY16
Period: 2.791 +/- 0.003 h JDo (LTC): 2459594.38459
Amp: 0.18 mag. Fourier Order: 7
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Number Name 20yy/mm/dd Phase Lpas  Bpap  Period (h) P.E. Amp A.E. Grp
87 Sylvia 22/03/19-03/21 13.2,12.9 227 7 5.18 0.02 0.40 0.02 sSYL
967 Helionape 22/02/04-02/10 10.7,13.1 112 4 3.233 0.002 0.19 0.02 FLOR

1019 Strackea 22/04/17-04/19 24.0,24.3 189 32 4.05 0.02 0.22 0.01 HUN
1019 Strackea 22/06/14-07/04 33.8,34.4 207 32 4.0460 0.0007 0.30 0.02 HUN
1156 Kira 22/02/17-02/17 18.9,18.9 186 2 2.71 0.05 0.19 0.03 MB-I
1346 Gotha 22/01/15-01/19 22.7,23.5 70 -17 2.640 0.002 0.18 0.02 EUN
1664 Felix 22/01/16-01/18 22.2,21.8 149 9 3.345 0.008 0.53 0.02 MB-I
22/03/17-03/19 15.1,15.7 158 8 3.344 0.009 0.45 0.02 MB-I
1816 Liberia 22/05/15-05/17 27.3,27.4 184 24 3.086 0.007 0.39 0.02 PHO
1878 Hughes 22/02/24-03/20 12.0,18.1 127 -2 2.6833 0.0003 0.16 0.03 KOR
1884 Skip 22/01/15-01/20 21.7,22 106 30 2.894 0.002 0.23 0.02 MB-I
22/02/16-02/19 26.5,26.9 113 24 2.895 0.004 0.25 0.02 MB-I
2635 Huggins 22/04/07-04/20 13.6,19.4 177 -6 3.1320 0.0007 0.07 0.02 FLOR
2714 Matti 22/04/07-04/12 7.3,9.4 188 7 2.604 0.002 0.12 0.02 MB-I
3057 Malaren 22/03/26-04-05 *6.8,6.4 191 10 4.496 0.002 0.28 0.02 MB-I
3263 Bligh 22/01/23-01/28 9.8,7.8 139 9 3.191 0.002 0.16 0.03 Vv
3388 Tsanghinchi 22/01/04-01/24 3.1,13.8 106 7 3.2570 0.0005 0.28 0.02 PHO
3477 Kazbegi 22/05/04-06/20 *15.1,11.5 251 9 8.401 0.002 0.19 0.02 Y
4235 Tatishchev 22/03/12-03/14 1.0,1.4 170 0 5.07 0.02 0.38 0.03 MB-O
4935 Maslachkova 21/11/21-11/22 12.3,12.5 44 -8 2.91 0.03 0.23 0.02 FLOR
5129 Groom 22/05/09-05/18 14.4,17.8 205 10 3.638 0.002 0.21 0.01 MB-O
5182 Bray 22/06/27-07/02 17.3,18.7 250 19 2.884 0.002 0.27 0.01 MB-I
6714 Montreal 22/05/04-05/09 *8.5,7.9 231 17 2.651 0.002 0.25 0.03 MB-I
6729 Emiko 22/03/14-03/15 3.5,3.4 175 7 3.14 0.03 0.17 0.02 EUN
6920 Esaki 22/02/08-02/14 10.9,8.4 157 9 3.069 0.002 0.35 0.03 Vv
7172 Multatuli 22/02/03-02/08 2.6,5.2 132 3 3.479 0.003 0.35 0.02 HER
7516 Kranjc 22/04/14-04/30 11.7,6.0 222 8 3.9690 0.0009 0.18 0.03 MB-I
7736 Nizhnij Novgorod 22/05/26-06/16 *10.9,11.8 254 19 2.8582 0.0004 0.24 0.03 EUN

11001 Andrewulff 22/03/23-04/06 11.5,4.9 198 5 3.964 0.001 0.13 0.02 MB-I

11512 1991 AB2 22/02/23-03/14 *9.4,2.2 169 -1 2.9334 0.0004 0.17 0.03 MB

13255 1998 OH14 22/02/09-02/24 *3.7,6.0 146 3 3.2927 0.0007 0.12 0.02 MB-I

22/03/22-03/26 19.0,20.5 150 4 3.293 0.003 0.13 0.03 MB-I

17170 Vsevustinov 22/04/12-05/05 6.7,15. 201 9 3.3746 0.0005 0.15 0.02 FLOR

21831 1999 TX93 22/02/24-03/15 15.2,6.0 184 2 4.0940 0.0008 0.10 0.02 MB-I

23456 1989 DB 22/02/24-03/12 14.0,5.3 178 3 2.8040 0.0005 0.08 0.02 MB-I

24779 Presque Isle 22/06/02-06/24 15.9,10.8 273 18 4.4844 0.0008 0.22 0.03 MB-I

36619 2000 QE151 22/01/30-02/08 12.6,8.2 152 -2 2.5830 0.0007 0.13 0.03 FLOR

42701 1998 MD13 22/04/08-04/13 18.8,16.8 227 10 2.604 0.002 0.12 0.02 MB-I

22/05/22-05/26 10.2,11.6 232 12 2.604 0.002 0.10 0.02 MB-I

170891 2004 TY16 22/01/14-01/17 32.5,31.9 138 10 2.791 0.003 0.18 0.03 NEA

Table I. Observing circumstances and results. Phase is the solar phase angle given at the start and end of the date range. If preceded by an
asterisk, the phase angle reached an extrema during the period. Lpas and Bpag are the average phase angle bisector longitude and latitude.
Grp is the asteroid family/group (Warner et al., 2009a): SYL = Sylvia, HUN = Hungaria, FLOR = Flora, MB-I/O = main-belt inner / outer,

PHO = Phocaea, V = Vestoid, NEA = near-Earth asteroid, HER = Hertha, EUN = Eunomia, KOR = Koronis.
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Photometric observations of ten asteroids were made in
order to acquire lightcurves for shape/spin axis modeling.
The synodic period and lightcurve amplitude were found
for 323 Brucia, 342 Endymion, 542 Susanna, 578
Happelia, 1656 Suomi, 4221 Picasso, (5693) 1993 EA,
(7335) 1989 JA, 2022 BT and 2022 MP. We also found
color indices for 323 Brucia and (7335) 1989 JA.

Collaborative asteroid photometry was done inside the Italian
Amateur Astronomers Union (UAIL; 2022) group. The targets were
selected mainly in order to acquire lightcurves for shape/spin axis
modeling. Table I shows the observing circumstances and results.

The CCD observations of ten asteroids were made in 2022 April-
June using the instrumentation described in the Table II. Lightcurve
analysis was performed at the Balzaretto Observatory with MPO
Canopus (Warner, 2021). All the images were calibrated with dark
and flat frames and converted to R magnitudes using solar colored
field stars from CMC15 catalogue, distributed with MPO Canopus.
For brevity, the following citations to the asteroid lightcurve
database (LCDB; Warner et al., 2009) will be summarized only as
“LCDB”.

323 Brucia is an S-type (Tholen, 1984) inner main-belt asteroid.
Collaborative observations were made over ten nights. The period
analysis shows a synodic period of P = 9.459 + 0.001 h with an
amplitude 4 = 0.09 £ 0.02 mag. The period is close to the previously
published results in the LCDB.

Multiband photometry was made by P. Bacci and M. Maestripieri
(104) on 2022 April 28. We found the color indices
(B-V) = 0.87 £ 0.02 and (V-R) = 0.50 £ 0.02, both are consistent
with a S-type asteroid (Shevchenko and Lupishko, 1998).
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342 Endymion is a Ch-type (Bus and Binzel, 2002) middle main-
belt asteroid. Collaborative observations were made over four
nights. The period analysis shows a synodic period of
P =6.319 + 0.002 h with an amplitude 4 = 0.12 + 0.02 mag. The
period is close to the previously published results in the LCDB.
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Number Name 2022 mm/dd Phase Lpas  Beas Period(h) P.E. Amp A.E Grp
323 Brucia 04/28-06/11 *9.4,14.8 224 24 9.459 0.001 0.09 0.02 MB-I
342 Endymion 05/10-05/19 0.2,3.8 230 0 6.319 0.002 0.12 0.02 MB-M
542 Susanna 06/25-07/04 8.8,11.3 256 14 10.090 0.005 0.11 0.02 MB-O
578 Happelia 04/26-05/18 8.4,16.5 198 1 10.066 0.002 0.15 0.02 MB-M

1656 Suomi 04/26-05/21 16.8,21.2 219 27 2.589 0.001 0.11 0.06 H
4221 Picasso 04/28-05/10 9.4,14.6 203 9 3.3270 0.001 0.18 0.06 MB-M
5693 1993 EA 05/20-05/22 48.5,55.7 265 17 2.493 0.002 0.11 0.07 NEA
7335 1989 JA 05/20-05/24 26.4,34.8 227 3 2.588 0.001 0.21 0.05 NEA
2022 BT 01/23-01/23 107.7,105.5 78 32 0.0366 0.0001 0.76 0.20 NEA
2022 MP 06/25-06/26 *38.4,38.5 259 12 0.015678 0.000001 0.52 0.20 NEA

Table I. Observing circumstances and results. The first line gives the results for the primary of a binary system. The second line gives the

orbital period of the satellite and the maximum attenuation. The phase angle is given for the first and last date. If preceded by an asterisk,

the phase angle reached an extrema during the period. Lpag and Bpag are the approximate phase angle bisector longitude/latitude at mid-

date range (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).

Observatory (MPC code) Telescope CCD Filter | Asteroids Observed (#Sessions)
Astronomical Observatory of
the University of 0.30-m MCT £/5.6 SBIG STL-6303e (2x2) | C,Re |o2o(1), 342(1), 542(6),
) 578(4), 1656(2), 5693(3)
Siena (K54)
~ C,B, 323(1), 342(3), 7335(3),
GAMP (104) 0.60-m NRT f£/4.0 |Apogee Alta V.Re 2022 BT(1), 2022 MP(2)
Osservatorio Astronomico
Nastro Verde (C82) 0.35-m SCT £/6.3 |SBIG ST10XME (2x2) C 1656(4), 4221(1), 7335(2)
Iota Scorpii (K78) 0.40-m RCT £/8.0 |SBIG STXL-6303e (2x2) Rc 323(2), 1656(2)
HOB Astronomical
Observatory (L63) 0.20-m SCT £/6.8 |ATIK 383L+ C,Rc | 323(2), 578(2)
Osservatorio Astronomico
Margherita Hack (A57) 0.35-m SCT £/8.3 |SBIG ST10XME (2x2) Rc 1656 (1), 4221(3)
M57 (K38) 0.35-m RCT £/5.5 |SBIG STT1603ME Rc 323 (4)
ALMO Observatory (G18) 0.30-m NRT f/4.0 Moravian G2-1600 Rc 323(1), 7335(1)
GiaGa Observatory (203) 0.36-m SCT f£/5.8 |Moravian G2-3200 C 5693 (1)
S(ggjl‘)aparelh Observatory 0.80-m RCT £/8.0 |SBIG STX-16803 c 2022 BT(1)
Table Il. Observing Instrumentations. MCT: Maksutov-Cassegrain, NRT: Newtonian Reflector, RCT: Ritchey-Chretien, SCT: Schmidt-
Cassegrain.
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542 Susanna is an S-type (Tholen, 1984) outer main-belt asteroid.
Observations were made over six nights by A. Marchini (K54). The
period analysis shows a synodic period of P=10.090 + 0.005 h with
an amplitude 4 = 0.11 = 0.02 mag. The period is close to the
previously published results in the LCDB.
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578 Happelia is an Xc-type (Bus & Binzel, 2002) middle main-belt
asteroid. Collaborative observations were made over five nights.
We found a synodic period of P = 10.066 + 0.002 h with an
amplitude 4 = 0.15 £ 0.02 mag. The period is close to the previously
published results in the LCDB.
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1656 Suomi is an S-type (Tholen, 1984) a binary asteroid (Warner
et al., 2020) member of the Hungaria group. Collaborative
observations were made over seven nights. We found a synodic
period of P =2.589 + 0.001 h with an amplitude 4 = 0.11 + 0.06
mag. Noteworthy is the attenuation event observed by N. Ruocco
(C82) on 2022 May 18. The period is close to the previously
published results in the LCDB.

T T T T T T T T
Phased Plot: 1656 Suomi
18131 Period: 2.589 + 0.001 h Amp: 0.11 i
14.80 —
g 14851 -
S 14.90 g
o
3;! 14.95+- —
©0
- 15.00 —
M
T 15.05|- .
2
© 1510 B
e T
- L. *®1-
5 @i A 2-04126
© ¥ 3-04/28
= 15.20 * 4.-04/28
+ 5-05/01
15.25+ @ 6 - 05/09
¥ 7-05/10
15.30 W 8-05/18
* 9-05/20
- » A 10-05/21
15.35| JDO(LTC): 2459696.318477 a0 o

L L L L L L L L L L
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

4221 Picasso is a medium albedo middle main-belt asteroid.
Collaborative observations were made over four nights. We found
a synodic period of P = 3.327 + 0.001 h with an amplitude
A=0.18+0.06 mag. The period agrees with that published by Clark
(2019).
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(5693) 1993 EA is an Apollo Near-Earth asteroid classified as
Potentially Hazardous Asteroid (PHA). Collaborative observations
were made over three nights. We found a synodic period of
P =2.493 + 0.002 h with an amplitude 4 = 0.11 + 0.07 mag. The
period is close to the previously published results in the LCDB.
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13.75- B
Period: 2.493 £ 0.002 h Amp: 0.11

13.80 - B

— 13.85 B
)

$

S 13.90} 1

© 1305
(-]

@ 14001
= 1s05)
x

€ 1a10f
-}

2 1445}
c

2 1420 4
= ¢

Year: 2022
14.25- . 1E-anrslzu B
A 2.0520
1430 ¥3-0522 |
+ 4.05122
14,351 JDo(LTC): 2459719.453220 +5-05/22
—3rd Order

L
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

(7335) 1989 JA is an Apollo Near-Earth asteroid classified as
Potentially Hazardous Asteroid (PHA). Collaborative observations
were made over three nights. We found a quadrimodal lightcurve
with a synodic period of P = 2.588 + 0.001 h with an amplitude
A =0.21 £ 0.05 mag. This result differs from the upper limit of 12
hours reported in the LCDB. Multiband photometry was made by
P. Bacci and M. Maestripieri (104) on 2022 May 23. We found the
color indices (B-V) = 0.77 + 0.05 and (V-R) = 0.45 + 0.03, both
consistent with an M-type asteroid (Shevchenko and Lupishko,
1998).
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2022 BT is an Apollo Near-Earth asteroid, observed on 2022
January 23 by P. Bacci, M. Maestripieri (104) and L. Buzzi (204)
during its close approach to the Earth. We found a synodic period
of P = 0.0366 + 0.0001 h (2.2 minutes) with an amplitude
A=0.76 £ 0.20 mag. There were no previously published results in
the LCDB.
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2022 MP is an Aten Near-Earth asteroid, observed on 2022 June 25
and 26 by P. Bacci, M. Maestripieri (104), during its close approach
to the Earth. We found an ultra-fast synodic period of P =0.015678
+0.000001 h (56.4 seconds) with an amplitude 4 =0.52 + 0.20 mag.
No previously published results were found in the LCDB.
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Synodic rotation periods and amplitudes are found for
233 Asterope 19.694 + 0.001 h, 0.41 + 0.02 mag;
240 Vanadis 10.565 £+ 0.002 h, 0.07 £ 0.01 mag;
275 Sapientia 14.933 + 0.001 h, 0.10 + 0.01 mag;
282 Clorinde 49.350 + 0.003 h, 0.19 + 0.02 mag;
414 Liriope 11.009 + 0.002 h, 0.14 + 0.01 mag with 3
unsymmetrical maxima and minima per rotational cycle;
542 Susanna 10.089 + 0.001 h, 0.09 + 0.01 mag with 3
unsymmetrical maxima and minima per rotational cycle.

Observations to produce the results reported in this paper were
made at the Organ Mesa Observatory with a Meade 35-cm LX200
GPS Schmidt-Cassegrain, SBIG STL-1001E CCD, 60 second
exposures, unguided, R filter for 275 Sapientia, clear filter for all
other targets. Image measurement and lightcurve construction were
with MPO Canopus software with all calibration star magnitudes
from the CMC15 catalog reduced to the Cousins R band. Zero-point
adjustments of a few x0.01 magnitude were made for best fit. To
reduce the number of data points on the lightcurves and make them
easier to read, data points have been binned in sets of 3 with
maximum time difference 5 minutes.

233 Asterope. Previously published periods are by Harris and
Young (1983), 19.7 hours; Behrend (2012web), >10 hours;
Piironen et al. (1998), 19.743 hours, all with moderately sparse
lightcurves. New observations on six nights 2022 May 10 - June 6
provide an excellent fit to a period of 19.694 + 0.001 hours,
amplitude 0.41 + 0.02 magnitudes (Fig. 1). This period is consistent
with all previously published periods and with improved accuracy
due to being based upon a much denser lightcurve.
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Figure. 1. Lightcurve of 233 Asterope phased to 19.694 hours.
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240 Vanadis. Previously published periods and amplitudes are by
Denchev (2000), 10.64 hours, 0.34 magnitudes near celestial
longitude 132° with an unsymmetric bimodal lightcurve; Behrend
(2003web), > 12 hours, > 0.08 magnitudes based on a single 5-hour
lightcurve; Alton (2016), 10.57 hours, 0.10 magnitudes near
celestial longitude 68° with an irregular monomodal lightcurve.

New observations on 7 nights 2022 May 10 - June 1 near celestial
longitude 235° provide an excellent fit to a monomodal lightcurve
with period 10.565 + 0.002 hours, amplitude 0.07 + 0.01
magnitudes (Fig. 2). The split halves plot of the double period
(Fig. 3) shows that the two halves are identical within observational
error and rules out the double period. This value is consistent with
Denchev (2000) and Alton (2016) and improves the accuracy with
a longer interval of observation, 46 rotational cycles as compared
with only three cycles in the study by Denchev (2000). The period
by Behrend (2003web) is now ruled out.
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Figure. 2. Lightcurve of 240 Vanadis phased to 10.565 hours.
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Figure. 3. Split halves phased plot of 240 Vanadis.
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The lightcurve published by Denchev (2000) constitutes a second
line of evidence to rule out the double period. His lightcurve
includes only two nights of data 1999 Jan. 21-22 but covers an
entire 10.64-hour rotational cycle with an asymmetric bimodal
lightcurve with maximum amplitude 0.34 magnitudes. No object
with four maxima and minima per cycle and no albedo variegation
can have an amplitude as great as 0.34 magnitude. Hence
Denchev’s data alone rule out a double period near 21.128
magnitudes.

The amplitude is much smaller at celestial longitudes 235° (this
study) and at 68° (Alton, 2016) than at 132° (Denchev, 2000). The
rotational pole is much closer to celestial longitude 235° than to
celestial longitude 132°. Minor planet 240 Vanadis is another
example of the commonly observed phenomenon that a minor
planet with a bimodal lightcurve of moderately large amplitude at
near equatorial aspect has a monomodal lightcurve of much smaller
amplitude at near polar aspect.

275 Sapientia. Previously published periods are by Denchev (2000),
>20 hours; Behrend (2005web), 24.07 hours; Kaminski et al.
(2010), 9.5 hours; Pilcher (2015), 14.931 hours; Pilcher (2016),
14.932 hours; Warner (2007), 14.766 hours. New observations on
8 nights 2022/04/08 - 2022/05/19 provide an excellent fit to an
irregular monomodal lightcurve with period 14.933 + 0.001 hours,
amplitude 0.10 £ 0.01 magnitudes (Fig. 4). A split halves plot of the
double period (Fig. 5) shows excellent fit between the two halves
of the plot. The double period is ruled out. The new data are
compatible with Warner (2007), Pilcher (2015), and Pilcher (2016).
All other published periods are now ruled out, and a period near
14.933 hours can be considered secure.
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Figure. 4. Lightcurve of 275 Sapientia phased to 14.933 hours.
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282 Clorinde. Previously published periods and amplitudes are by
Binzel and Mulholland (1983), 6.42 hours, 0.09 magnitudes;
Behrend (2018web), 12.142 hours, 0.04 magnitudes; Bonamico and
van Belle (2021), 49.352 hours, 0.26 magnitudes with a dense
lightcurve obtained in an interval of more than three months
2020/11/26 to 2021/03/04 that looks convincing. New observations
on 17 nights 2022/03/27 - 2022/05/20 provide a good fit to a
somewhat irregular bimodal lightcurve with period 49.350 + 0.003
hours, amplitude 0.19 + 0.02 magnitudes (Fig. 6). This result is in
excellent agreement with Bonamico and van Belle (2021). All of
the earlier reported short periods are now ruled out.
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Figure. 6. Lightcurve of 282 Clorinde phaased to 49.350 hours.

414 Liriope. Three early published results all assumed the usual two
maxima and minima per rotational cycle: Alvarez (2012), 7.353
hours; Chang et al. (2015), 7.38 hours; and Waszczak et al. (2015),
7.34 hours. Three recent publications all reveal that there are three
unsymmetical maxima and minima per rotational cycle with 3/2 of
the early and now rejected period: Colazo et al. (2020), 11.005
hours; Pal et al. (2020), 11.0065 hours: Dose (2021), 11.007 hours.
New observations on 5 nights 2022/04/30 - 2022/05/09 provide a
good fit to a lightcurve with period 11.009 £ 0.002 hours, amplitude
0.14 + 0.01 magnitudes, and three unsymmetrical maxima and
minima per rotational cycle (Fig. 7). The new result is in excellent
agreement with Colazo et al. (2020), Pal et al. (2020), and Dose
(2021).
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Figure. 7. Lightcurve of 414 Liriope phased to 11.009 hours.

542 Susanna. Previously published periods are by Stephens (2007),
10.069 hours; Behrend (2016web), 10.0869 hours; and Pal et al.
(2020), 10.107 hours. New observations on four nights 2022 June 3
- July 1, over an interval of 66 rotational cycles, provide a fit to an
irregular lightcurve with three maxima and minima per rotational
cycle, period 10.089 + 0.001 magnitudes, amplitude 0.09 + 0.01
magnitudes (Fig. 8). This value is consistent with all previously
published periods.

Number Name 2022/mm/dd Phase Lras  Bras  Period(h) P.E Amp A.E.
233 Asterope 05/10-06/06 * 2.8, 9.0 235 2 19.694 0.001 0.41 0.02
240 Vanadis 05/10-06/01 * 2.4, 5.8 235 2 10.565 0.002 0.07 0.01
275 Sapientia 04/08-05/18 * 8.2, 12.2 213 6 14.933 0.001 0.10 0.01
282 Clorinde 03/27-05/20 * 16.9, 9.5 223 12 49.350 0.003 0.19 0.02
414 Liriope 04/30-05/09 4.8, 6.8 209 11 11.009 0.002 0.14 0.02
542 Susanna 06/03-07/01 * 6.0, 10.3 256 14 10.089 0.001 0.09 0.01

Table . Observing circumstances and results. The phase angle is given for the first and last date, with a * shown if a minimum value was
reached between these dates. Leas and Besas are the approximate phase angle bisector longitude and latitude at mid-date range (see

Harris et al., 1984).
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We present lists of asteroid photometry opportunities for
objects reaching a favorable apparition and have no or
poorly-defined lightcurve parameters. Additional data on
these objects will help with shape and spin axis modeling
using lightcurve inversion. The “Radar-Optical
Opportunities” section includes a list of potential radar
targets as well as some that might be in critical need of
astrometric data.

We present several lists of asteroids that are prime targets for
photometry and/or astrometry during the period 2022 October
through December. The “Radar-Optical Opportunities” section
provides an expanded list of potential NEA targets, many of which
are planned or good candidates for radar observations.

In the first three sets of tables, “Dec” is the declination and “U” is
the quality code of the lightcurve. See the latest asteroid lightcurve
data base (LCDB from here on; Warner et al., 2009) documentation
for an explanation of the U code:

http://'www.minorplanet.info/lightcurvedatabase.html

The ephemeris generator on the MinorPlanet.info web site allows
creating custom lists for objects reaching V < 18.0 during any
month in the current year and up to five years in the future, e.g.,
limiting the results by magnitude and declination, family, and more.

https://'www.minorplanet.info/php/callopplcdbquery.php

We refer you to past articles, e.g., Warner et al. (2021a; 2021b) for
more detailed discussions about the individual lists and points of
advice regarding observations for objects in each list.

Once you’ve obtained and analyzed your data, it’s important to
publish your results. Papers appearing in the Minor Planet Bulletin
are indexed in the Astrophysical Data System (ADS) and so can be
referenced by others in subsequent papers. It’s also important to
make the data available at least on a personal website or upon
request. We urge you to consider submitting your raw data to the
ALCDEF database. This can be accessed for uploading and
downloading data at

http://www.alcdef.org

The database contains more than 10.1 million observations for
23993 objects (as of 2022 July 2), making it one of the more useful
sources for raw data of dense time-series asteroid photometry.

Lightcurve/Photometry Opportunities

Objects with U = 3- or 3 are excluded from this list since they will
likely appear in the list for shape and spin axis modeling. Those
asteroids rated U = 1 or have only a lower limit on the period, should
be given higher priority over those rated U = 2 or 2+. On the other
hand, do not overlook asteroids with U = 2/2+ on the assumption
that the period is sufficiently established. Regardless, do not let the
existing period influence your analysis since even highly-rated
result have been proven wrong at times. Note that the lightcurve
amplitude in the tables could be more or less than what’s given. Use
the listing only as a guide.

Brightest LCDB Data
Number Name Date Mag Dec Period Amp U
2974 Holden 10 01.4 15.1 +9 856 0.70 2+
5887 Yauza 10 05.1 15.0 +4 54.78 0.30 2
5811 Keck 10 08.4 14.9 +17 >30 0.25 2
1599 Giomus 10 09.6 14.7 +2 9.53 0.06-0.08 2
7194 Susanrose 10 11.5 15.0 +3 4.725 0.24 2
5479 Grahamryder 10 11.7 15.4 +8 7.6 0.08-0.30 2
1438 Wendeline 10 14.9 14.5 +10 41.98 0.23 2-
15790 Keizan 10 17.0 14.8 +9 19.68 0.25 2-
3925 Tret'yakov 10 17.4 14.6 -6 30.962 0.24 2+
2908 Shimoyama 10 19.5 15.3 +19 694.117 0.41 2
1399 Teneriffa 10 21.8 15.1 +1 2.692 0.14 2
35143 1992 UF1 10 22.5 15.5 +10 5.388 0.23-0.26 2
2052 Tamriko 10 22.7 14.3 +12 7.462 0.06-0.15 2
1573 Vaisala 10 26.6 13.9 +2 252 0.76 2
8830 1988 Vz 10 28.4 15.4 +12 7.16 2
21609 Williamcaleb 10 28.8 15.3 +8 112 0.5 2
2757 Crisser 10 30.3 15.1 +14 8.088 0.28 2
3373 Koktebelia 11 02.0 15.2 +10 405.33 0.67 2
9216 Masuzawa 11 02.1 15.3 +15 5.02 0.15 2
7004 Markthiemens 11 03.4 15.5 +14 6.025 2-
18595 1998 BR1 11 07.0 15.0 +16 6.02 2
37306 2001 KW46 11 07.1 14.8 +22 5.621 0.10 2
1690 Mayrhofer 11 10.0 14.7 +18 22.194 0.16-0.45 2
1965 van de Kamp 11 10.1 14.7 +15 >36 0.5 1
5163 Vollmayr-Lee 11 10.8 14.8 +7 4.728 0.15 2
23978 1999 Jr21 11 10.8 15.0 +17 34.15 0.09 2
1500 Jyvaskyla 11 13.2 14.0 +26 8.828 2
4649 Sumoto 11 14.2 14.7 +5 26.31 0.15-0.30 2
217628 Lugh 11 14.9 14.7 =7 8.55 0.08 1
2774 Tenojoki 11 15.5 15.3 +29 11.2 0.30 2+
85713 1998 5549 11 16.3 13.9 +45 5.37 0.06-0.18 2
3153 Lincoln 11 17.6 15.2 +23 4.819 0.08 2
2107 Ilmari 11 18.4 14.6 +16 39.916 0.21 2-
27057 1998 SP33 11 21.6 15.0 +31 7.03 0.23 2+
4943 Lac d'Orient 11 21.9 15.5 +21 11.81 0.42-0.56 2
3454 Lieske 11 22.1 15.1 +12 105 0.73 2-
10260 1972 TC 11 22.2 15.3 +23 3.716 0.54 2
2439 Ulugbek 11 28.8 15.3 +21 4.26 2-
1384 Kniertje 11 29.9 14.5 +1 9.807 0.11-0.33 2
1549 Mikko 12 01.8 14.3 +19 8.74 0.10 2
4817 Gliba 12 02.7 15.1 +17 23.66 0.3 2-
66875 1999 VY52 12 02.9 14.6 +24 2.148 0.25 2
19311 1996 VF3 12 06.2 15.4 +32 13.883 0.35 2
1565 Lemaitre 12 06.4 13.7 +29 11.403 0.03-0.04 2
16872 1998 BZ 12 09.9 15.5 +20 2.81 0.34-0.45 2
11151 Oodaigahara 12 10.8 15.1 +27 15.35 0.20 2
645 Agrippina 12 15.2 13.8 +34 32.6 0.11-0.18 2
3981 Stodola 12 18.1 15.4 +24 102.657 0.08 1
2014 HK129 12 18.8 14.7 =23 >10 0.5 2
2707 Ueferji 12 25.1 15.5 +24 5.286 0.16 2
6901 Roybishop 12 25.7 15.0 +35 4.766 0.04-0.09 2
1239 Queteleta 12 25.9 14.3 +25 10.278 0.03 1
28017 1997 YV13 12 27.9 14.8 +21 47 0.15 1

Low Phase Angle Opportunities

The Low Phase Angle list includes asteroids that reach very low
phase angles (a0 < 1°). The “a” column is the minimum solar phase
angle for the asteroid. Getting accurate, calibrated measurements
(usually V band) at or very near the day of opposition can provide
important information for those studying the “opposition effect.”
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Use the on-line query form for the LCDB to get more details about
a specific asteroid.

https://'www.minorplanet.info/php/callopplcdbquery.php

The best chance of success comes with covering at least half a cycle
a night, meaning periods generally < 16 h, when working objects
with low amplitude. Objects with large amplitudes and/or long
periods are much more difficult for phase angle studies since, for
proper analysis, the data must be reduced to the average magnitude
of the asteroid for each night. Refer to Harris et al. (1989) for the
details of the analysis procedure.

As an aside, it is arguably better for physical interpretation (e.g., G
value versus albedo) to use the maximum light rather than mean
level to find the phase slope parameter (G), which better models the
behavior of a spherical object of the same albedo, but it can produce
significantly different values for both A and G versus using average
light, which is the method used for values listed by the Minor Planet
Center. Using and reporting the results of both methods can provide
additional insights into the physical properties of an asteroid.

The International Astronomical Union (IAU) has adopted a new
system, H-G12, introduced by Muinonen et al. (2010). It will be
some years before H-G12 becomes widely used, and hopefully not
until a discontinuity flaw in the Gi2 function has been fixed. This
discontinuity results in false “clusters” or “holes” in the solution
density and makes it impossible to draw accurate conclusions.

We strongly encourage obtaining data as close to 0° as possible,
then every 1-2° out to 7°, below which the curve tends to be non-
linear due to the opposition effect. From 7° out to about 30°,
observations at 3-6° intervals should be sufficient. Coverage
beyond 50° or so is not generally helpful since the H-G system is
best defined with data from 0-30°.

It’s important to emphasize that all observations should (must) be
made using high-quality catalogs to set the comparison star
magnitudes. These include ATLAS, Pan-STARRS, SkyMapper,
and Gaia2/3. Catalogs such as CMC-15, APASS, or the MPOSC
from MPO Canopus have too high of significant systematic errors.

Also important is that that there are sufficient data from each
observing run such that their location can be found on a combined,
phased lightcurve derived from two or more nights obtained near
the same phase angle. If necessary, the magnitudes for a given run
should be adjusted so that they correspond to mid-light of the
combined lightcurve. This goes back to the H-G system being based
on average, not maximum or minimum light.

The asteroid magnitudes are brighter than in others lists because
higher precision is required and the asteroid may be a full
magnitude or fainter when it reaches phase angles out to 20-30°.

Num Name Date o V Dec Period Amp U
277 Elvira 10 02.5 0.50 13.1 +05 29.69 0.34-0.59 3
1527 Malmquista 10 04.4 0.56 13.3 +03 14.077 0.42-0.54 3
231 Vindobona 10 07.3 0.98 13.7 +08 14.245 0.20-0.29 3
108 Hecuba 10 17.6 0.97 12.8 +12 14.256 0.09-0.12 3
2243 Lonnrot 10 23.9 0.93 14.0 +13
83 Beatrix 10 29.3 0.43 12.0 +14 10.16 0.18 3
658 Asteria 10 30.3 0.64 13.9 +15 21.034 0.22-0.28 3
124 Alkeste 11 09.0 1.00 11.8 +14 9.906 0.08-0.30 3
384 Burdigala 11 16.0 0.42 12.0 +20 21.1 0.03 2-
419 Aurelia 11 16.8 0.19 12.6 +18 16.784 0.07-0.27 3
478 Tergeste 11 16.8 0.12 11.7 +19 16.101 0.14-0.29 3-
1264 Letaba 11 18.0 0.07 14.0 +19 32.74 0.11-0.28 3
264 Libussa 11 19.4 0.91 11.2 +22 9.2276 0.04-0.59 3
673 Edda 11 25.3 0.45 13.6 +20 22.340 0.12-0.21 3

Num Name Date o V Dec Period Amp U
208 Lacrimosa 11 26.0 0.78 13.0 +23 14.085 0.15-0.33 3
686 Gersuind 11 27.8 0.43 12.4 +20 6.3127 0.33-0.37 3
229 Adelinda 12 06.4 0.61 13.9 +25 6.60 0.04-0.30 3
316 Goberta 12 07.9 0.96 13.7 +20 8.605 0.20-0.27 3
121 Hermione 12 20.0 0.83 11.9 +26 5.5513 0.04-0.62 3
259 Aletheia 12 20.0 0.07 12.6 +24 8.143 0.12 3

Shape/Spin Modeling Opportunities

Those doing work for modeling should contact Josef Durech at the
email address above. If looking to add lightcurves for objects with
existing models, visit the Database of Asteroid Models from
Inversion Techniques (DAMIT) web site

https://astro.troja.mff.cuni.cz/projects/damit/

Additional lightcurves could lead to the asteroid being added to or
improving one in DAMIT, thus increasing the total number of
asteroids with spin axis and shape models.

Included in the list below are objects that:

Are rated U = 3- or 3 in the LCDB.
2. Do not have reported pole in the LCDB Summary table.

3. Have at least three entries in the Details table of the LCDB
where the lightcurve is rated U > 2.

The caveat for condition #3 is that no check was made to see if the
lightcurves are from the same apparition or if the phase angle
bisector longitudes differ significantly from the upcoming
apparition. The last check is often not possible because the LCDB
does not list the approximate date of observations for all details
records. Including that information is an on-going project.

Favorable apparitions are in bold text. NEAs are in italics.

Brightest LCDB Data

Num Name Date Mag Dec Period Amp U
1829 Dawson 10 01.1 14.8 +13 4.254 0.05-0.32 3
479 Caprera 10 03.9 12.4 -8 9.454 0.05-0.25 3
2151 Hadwiger 10 07.6 14.4 -1 5.872 0.07-0.38 3
1184 Gaea 10 08.0 14.5 +12 2.871 0.09-0.15 3-
696 Leonora 10 08.2 13.0 +24 26.896 0.04-0.31 3
397 Vienna 10 08.6 11.5 +19 15.48 0.15-0.20 3
2105 Gudy 10 08.9 14.7 +46 15.795 0.18-0.52 3-
488 Kreusa 10 10.2 13.2 =7 32.645 0.08-0.20 3
1756 Giacobini 10 10.3 14.0 +16 3.853 0.21-0.29 3
965 Angelica 10 11.9 14.1 -9 26.752 0.06-0.12 3-
466 Tisiphone 10 12.9 14.0 +31 8.834 0.03-0.18 3
738 Alagasta 10 13.2 14.5 +3 17.89 0.11-0.20 3-
850 Altona 10 24.4 14.6 -9 11.191 0.09-0.17 3
790 Pretoria 10 27.0 13.2 +30 10.37 0.05-0.18 3
1603 Neva 10 27.2 14.3 +0 6.426 0.16-0.25 3-
658 Asteria 10 30.3 13.9 +15 21.034 0.22-0.28 3
2150 Nyctimene 10 30.6 14.9 -2 6.131 0.56-0.90 3
6244 Okamoto 10 31.6 15.0 +25 2.896 0.11-0.15 3
1100 Arnica 11 02.3 14.7 +16 14.535 0.09-0.28 3
2227 Otto Struve 11 02.7 15.0 +8 5.397 0.15-0.19 3
619 Triberga 11 04.2 12.9 +3 29.311 0.25-0.45 3
101 Helena 11 07.5 11.5 +31 23.08 0.09-0.13 3
4363 Sergej 11 10.3 15.0 +7 13.04 0.24-0.50 3-
777 Gutemberga 11 13.9 14.9 +32 12.838 0.11-0.28 3
839 Valborg 11 14.3 14.4 +38 10.366 0.14-0.19 3
1304 Arosa 11 14.7 14.5 +3 7.748 0.13-0.38 3
929 Algunde 11 15.9 14.6 +18 3.31 0.11-0.17 3
653 Berenike 11 17.2 13.9 +3 12.489 0.03-0.11 3
1143 Odysseus 11 17.2 14.8 +18 10.114 0.15-0.22 3
1264 Letaba 11 18.0 14.0 +19 32.74 0.13-0.43 3
58 Concordia 11 18.5 12.8 +12 9.895 0.01-0.15 3
1132 Hollandia 11 18.7 15.0 +24 5.322 0.15-0.35 3
954 Li 11 21.8 14.5 +18 7.207 0.11-0.25 3
388 Charybdis 11 24.4 12.9 +29 9.516 0.14-0.25 3
57 Mnemosyne 11 27.5 11.1 +4 25.324 0.09-0.24 3-
2034 Bernoulli 11 30.5 14.2 +35 6.249 0.19-0.27 3
1052 Belgica 12 01.4 13.6 +17 2.71 0.06-0.08 3
1031 Arctica 12 05.1 14.0 +8 24.904 0.16-0.22 3
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Brightest LCDB Data
Num Name Date Mag Dec Period Amp U
917 Lyka 12 06.4 14.5 +32 7.867 0.10-0.26 3
806 Gyldenia 12 10.3 14.8 +35 16.852 0.10-0.27 3
911 Agamemnon 12 10.6 14.8 +49 6.592 0.04-0.29 3
1660 Wood 12 13.9 13.7 ~-10 6.809 0.14-0.26 3
1509 Esclangona 12 14.2 14.5 +42 3.253 0.11-0.35 3
1589 Fanatica 12 16.7 14.5 +22 2.583 0.10-0.22 3
788 Hohensteina 12 17.0 13.8 +3 37.137 0.10-0.18 3
1046 Edwin 12 18.1 14.7 +35 5.291 0.14-0.27 3
2494 Inge 12 18.2 15.0 +28 6.79 0.17-0.92 3
1274 Delportia 12 18.3 14.8 +30 5.56 0.05-0.29 3
259 Aletheia 12 20.0 12.7 +24 8.143 0.09-0.12 3
1967 Menzel 12 24.1 13.9 +28 2.835 0.16-0.39 3
100 Hekate 12 26.4 12.5 +18 27.066 0.11-0.23 3
224 Oceana 12 26.8 12.5 +32 9.401 0.09-0.14 3
1116 Catriona 12 27.4 13.0 +51 8.832 0.09-0.28 3

Radar-Optical Opportunities

Table I below gives a list of near-Earth asteroids reaching
maximum brightness for the current quarter-year based on
calculations by Warner. We switched to this presentation in lieu of
ephemerides for reasons outlined in the 2021 October-December
opportunities paper (Warner et al., 2021b), which centered on the
potential problems with ephemerides generated several months
before publication.

The initial list of targets started using the planning tool at
https://'www.minorplanet.info/php/callopplcdbquery.php

where the search was limited to near-Earth asteroids only that were
V < 18 for at least part of the quarter.

The list was then filtered to include objects that might be targets for
the Goldstone radar facility or, if it were still operational, the
Arecibo radar. This was based on the calculated radar SNR using

hitp.//'www.naic.edu/~eriverav/scripts/index.php

and assuming a rotation period of 4 hours (2 hours if D <200 m) if
a period was not given in the asteroid lightcurve database (LCDB;
Warner et al., 2009). The SNR values are estimates only and assume
that the radar is fully functional.

If an asteroid was on the list but failed the SNR test, we checked if
it might be a suitable target for radar and/or photometry sometime
through 2050. If so, it was kept on the list to encourage physical and
astrometric observations during the current apparition. In most of
those cases, the SNR values in the “A” and “G” columns are not for
the current quarter but the year given in the Notes column. If a better
apparition is forthcoming through 2050, the Notes column in Table
I contains SNR values for that time.

The final step was to cross-reference our list with that found on the
Goldstone planned targets schedule at

http://echo.jpl.nasa.gov/asteroids/goldstone_asteroid_schedule.html

It’s important to note that the final list in Table I is based on known
targets and orbital elements when it was prepared. It is common for
newly discovered objects to move in or out of the list. We
recommend that you keep up with the latest discoveries by using
the Minor Planet Center observing tools.

In particular, monitor NEAs and be flexible with your observing
program. In some cases, you may have only 1-3 days when the
asteroid is within reach of your equipment. Be sure to keep in touch
with the radar team (through Benner’s email or their Facebook or

Twitter accounts) if you get data. The team may not always be
observing the target but your initial results may change their plans.
In all cases, your efforts are greatly appreciated.

For observation planning, use these two sites

MPC: http.//www.minorplanetcenter.net/iau/MPEph/MPEph.html
JPL:  http://ssd.jpl.nasa.gov/? horizons

Cross-check the ephemerides from the two sites just in case there is
discrepancy that might have you imaging an empty sky.

About YORP Acceleration

Near-Earth asteroids are particularly sensitive to YORP
acceleration. YORP (Yarkovsky—O'Keefe—Radzievskii—Paddack;
Rubincam, 2000) is the asymmetric thermal re-radiation of sunlight
that can cause an asteroid’s rotation period to increase or decrease.
High precision lightcurves at multiple apparitions can be used to
model the asteroid’s sidereal rotation period and see if it’s
changing.

It usually takes four apparitions to have sufficient data to determine
if the asteroid rotation rate is changing under the influence of
YORP. This is why observing an asteroid that already has a well-
known period remains a valuable use of telescope time. It is even
more so when considering the BYORP (binary-YORP) effect
among binary asteroids that has stabilized the spin so that
acceleration of the primary body is not the same as if it would be if
there were no satellite.

The Quarterly Target List Table

The Table I columns are

Num Asteroid number, if any.

Name Name assigned by the MPC.

H Absolute magnitude from MPCOrb.

Dkm Diameter (km) assuming py = 0.2.

Date Date (mm dd.d) of brightest magnitude.

A" Approximate V magnitude at brightest.

Dec Approximate declination at brightest.

Period Synodic rotation period from summary line in the

LCDB summary table.

Amp Amplitude range (or single value) of reported
lightcurves.

U LCDB U (solution quality) from 1 (probably wrong)
to 3 (secure).

A Approximate SNR for Arecibo (if operational and at
full power).

G Approximate SNR for Goldstone radar at full
power.

Notes Comments about the object.

“PHA” is a potentially hazardous asteroid. For good measure,
consider that astrometry and photometry have been requested to
support Goldstone observations. The sources for the rotation period
are given in the Notes column. If none are qualified with a specific
period, then the periods from multiple sources were in general
agreement. Higher priority should be given to those where the
current apparition is the last one V < 18 through 2050 or several
years to come.
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Num Name H D Date \% Dec Period Amp U A G Notes

2011 TG2 20.3 0259 10064 166  +14 10 -
177615 2004 HK33 17.73 0845 10164 149 52 55 15
422787 2001 WS1 16.84 127 1023.6 149  +39 70 20 PHA
523823 2015BG311 1843 0612 10240 162  +17 ILEsiE e fige el

telescopes thru 2050.
312942 1995 EK1 1743 097 10241 152 +76 8444 045 3 65 20 Erikson et al (2000)
194268 2001 UY4 1844 061 10273 159  -15  6.8020 g‘}z 2 20 6  Monteiro et al. (2018)
186822 2004 FE31 1793 0771  1109.5 159  -62 165 45
217628 Lugh 16.62 1.41 11149 14.7 7 855 008 1 55 15 Wisniewskietal (1997)
85713 1998 SS49 1578 207 11163 139  +45 5370 g";g 2 65 19 Warner (2015)
2019 OR1 208 0206 11180 166  +24 85 25

Pravec et al. (2017web)

99907 1989 VA 180 0746  1115.1 16.1 19 2.5246 8% 3003 — Visual obs. in
‘ 202510 29.3 V:16.7 +40
143947 2003 YQ117 1539 248 11215 14 64 260 75
2005 LW3 2162 0.141 11243 133 +17 2 ?
2009 HV58 19.6 0357 11296 167  -79 2415 690
YORP target?
1979 XB 186 0566 12018 17.3 5 7 2036 06 43171 .12,
2013 PV2 20.18 0274 12059 164  -14 25 8 g(;)zozd MG
162474 2000 LB16 18.66 0551 12112 160  +39 35 10
2015 RN35 231 0071 12162 133 22
2014 HK129 211 0179 12188 147 23 >10 05 2 8625 2475 Thirouin etal. (2018)
Last chance for small
? ?
2013 YA14 23.6  0.057 12245 153 +52 ? ! teloscopes thru 2050,
2010 XC15 2143 0154 12268 133 +18
0.09 Behrend (2007web)
199003 2005 WJI56 18.16  0.693 12 31. 167 450 43825 3 5 Last chance. Brightest on
: 2023 01 08.5 V:13.7 -16
226554 2003 WR21 19.64 0351 1231 157 -13 20 ¢ Drightest

2023 01 02.3 V:15.6 +55

Table I. A list of near-Earth asteroids reaching brightest in 2022 October-December. PHA: potentially hazardous asteroid. Diameters are based
on py = 0.20. The Date, V, and Dec columns are the mm/dd.d, approximate magnitude, and declination when at brightest. Amp is the single or
range of amplitudes. The A and G columns are the approximate SNRs for an assumed full-power Arecibo (not operational) and Goldstone
radars. The references in the Notes column are those for the reported periods and amplitudes. The “?” in the A/G columns are for when the
SNR calculator failed for distances less than 0.01 au.
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128 Nemesis 67 307 967 Helionape
145 Adeona 67 307 983 Gunila
187 Lamberta 67 307 1019 Strackea
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