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We present lightcurves, synodic rotation periods, and G
slope value (H-G) estimates for nineteen asteroids.

We present asteroid lightcurves obtained via the workflow process
described by Dose (2020) and as later improved (Dose, 2021a). This
workflow applies to each image an ensemble of typically 20-60
nearby comparison (“comp”) stars selected from the ATLAS
refcat2 catalog (Tonry et al., 2018). Custom diagnostic plots and the
abundance of comp stars allow for rapid identification and removal
of outlier, variable, and poorly measured comp stars.

The product of this custom workflow is one night’s time series of
absolute magnitudes for the target asteroid, all on Sloan r’ (SR)
catalog basis. These magnitudes are imported directly into MPO
Canopus software (Warner, 2021) where they are adjusted for
distances and phase-angle dependence, fit by Fourier analysis
including identifying and ruling out of aliases, and plotted. Phase-
angle dependence is corrected with a H-G model, using the G slope
value minimizing best-fit RMS error across all nights’ data. No
nightly zero-point adjustments (DeltaComps in MPO Canopus
terminology) were made to any session herein, other than by
adjusting the G slope value (H-G phase model).

Lightcurve Results

Nineteen asteroids were observed from New Mexico Skies
Observatory at 2310 meters elevation in southern New Mexico.
Images were acquired with a 0.35 m SCT reduced to £/7.7; a SBIG
STXL-6303E camera cooled to -35 C and fitted with an
Exoplanet/Blue Blocker (BB) filter (Astrodon); and a PlaneWave
L-500 mount. The equipment was operated remotely via ACP
software (DC-3 Dreams, version 8.3), running plan files generated
for each night by the author’s python scripts (Dose, 2020).
Exposures were autoguided, and exposure times targeted 3-4
millimagnitudes uncertainty in asteroid instrumental magnitude,
subject to a minimum exposure of 150 seconds to ensure suitable
comp-star photometry, and to a maximum of 900 seconds.

FITS images were plate-solved by PinPoint (DC-3 Dreams) or
TheSkyX (Software Bisque) and were calibrated using temperature-
matched, median-averaged dark images and recent flat images of a
flux-adjustable flat panel. Every photometric image was visually
inspected; the author excluded all images with poor tracking,
obvious interference by cloud or moon, or having stars, satellite
tracks, cosmic ray artifacts, or other apparent light sources within
10 arcseconds of the target asteroid. Images passing these screens
were submitted to the workflow. The BB filter, a yellow filter with
relatively sharp wavelength cut-off, requires only a modest first-
order transform to the standard Sloan r’ passband. Using this BB
filter, rather than a clear filter or no filter, improves night-to-night
reproducibility to a degree outweighing any loss of signal-to-noise
ratio.
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In this work, “period” refers to an asteroid’s synodic rotation
period, “SR” denotes the Sloan r’ passband, and “mmag” denotes
millimagnitudes (0.001 magnitude).

282 Clorinde. This inner main-belt asteroid has numerous published
rotation periods (6.42 h, Binzel and Mulholland, 1983; 12.142 h,
Behrend, 2018web; 49.365 h, Durech et al., 2020; 49.352 h,
Bonamico and van Belle, 2021; and 49.350 h, Pilcher, 2022). We
confirm the more recent reports with our determination of
49.280 + 0.006 h. Our lightcurve is built from 12 nights’ data taken
over 12 weeks; a large number of nights is needed to obtain full
coverage as the period is rather close to two sidereal days. The
lightcurve shape is clearly bimodal. Our best estimate of G (H-G
phase model) is 0.03; Fourier fit RMS error is 7 mmag.
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414 Liriope. For this outer main-belt asteroid, the author confirms
the most recent period determinations (11.005 h, Colazo et al.,
2020; 11.0065 h, Pal et al., 2020; 11.007 h, Dose, 2021c) with a
new determination of 11.004 + 0.001 h, derived from observations
at a new viewing aspect (phase angle bisector). This new lightcurve
(PAB = 209° longitude, 11° latitude) and the author’s 2021
lightcurve (PAB = 147° longitude, 7° latitude) are remarkably
similar in shape and amplitude, suggesting that 414 Liriope’s
rotational axis may be nearly aligned with the ecliptical axis. The
present Fourier fit RMS error is 8 mmag; G value (H-G model) of
roughly 0.16 gave optimum fit.
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866 Fatme. New observations and period solution 0£23.215 +0.001
h for this outer main-belt asteroid decidedly fail to confirm previous
period reports, including the author’s own from 2021 (20.03 h,
Stephens, 2002; 9.4 h, Behrend, 2004web; 9.36 h, Behrend,
2012web; 20.7 h, Aznar Macias et al., 2016; 5.800 h, Polakis,
2018b; 11.600 h, Dose, 2021b). The new Fourier fit RMS error is 8
mmag, and best G value is approximately 0.08.
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A split-halves plot of the new observations appears clearly support
a bimodal interpretation. But the author’s 2021 lightcurve at exactly
half the present period appeared bimodal as well. And beyond that:
Polakis’ 2018 lightcurve with period 5.800 h, which is one quarter
of the present solution, could itself be interpreted as bimodal. The
author speculates that the asteroid’s shape could be quite unusual
but has no explanation for how these three relatively high-quality
lightcurves could differ in such a manner. Most likely, this is a tale
of caution where bi-modality assumptions fail for low amplitude
objects (see Harris et al., 2014.).

866 Fatme clearly needs careful observation at future apparitions,
and given the period’s proximity to 24 (or 12) h, we recommend
apparitions at very favorable latitude, in order to maximize session
lengths. The next such apparitions are July 2024 for the Southern
Hemisphere and March 2028 for the Northern Hemisphere.
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1051 Merope. We determine a synodic period of 13.710 + 0.001 h
for this Alauda-family, outer main-belt asteroid. Our result, built
from 11 nights’ data, agrees with that of Waszczak et al. (13.717 h,
2015) but differs from two other published solutions (27.2 h, Carbo
et al., 2009; 6.85563 h, Pal et al., 2020). Our Fourier fit RMS error
is 14 mmag; best G value was approximately -0.09. All positive
values of G gave markedly worse fits.

The author notes that the 4 published periods show the same 1:2:4
pattern found for 866 Fatme mentioned above, though the 27.2 h
lightcurve suffered incomplete phase coverage.
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In our period spectrum, the 13.710 h solution dominates.

Period Spectrum: 1051 Merope
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1237 Genevieve. This middle main-belt asteroid has had several
reported rotation periods, all near 16.4 or 24.8 hours (16.37 h,
Binzel, 1987; 24.82 h, Behrend, 2005web; 16.48 h, Polakis, 2018b;
24.6982 h, Durech et al., 2019; 16.31 h, Polakis, 2022). We report
a period of 12.346 + 0.004 h on a monomodal basis, which would
give 24.692 h on a bimodal basis. Our lightcurve gave no indication
of shape differences in alternating phases, nor does the amplitude
of 0.21 magnitudes point clearly toward either basis, so the
monomodal vs. bimodal nature of our lightcurve remains
ambiguous. Our best G estimate is 0.15, the MPC nominal value,
and Fourier RMS error is 9 mmag.
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Our period spectrum disfavors rotation period estimates near 16
hours, which is an alias by %; period per 24 hours of both period
estimates 12 hours and 24 hours. This asteroid seems to call for a
multi-longitude observation campaign, or a campaign benefiting
from unusually favorable asteroid declination (and thus long
observing sessions) to attempt to relieve the aliasing that apparently
plagues single-location observation campaigns of 1237 Genevieve.

Period Spectrum: 1237 Genevieve
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1255 Schilowa. This outer main-belt asteroid has had several
rotation period reports in some disagreement (29.536 h, Behrend,
2005web; 29.7 h, Behrend, 2006web; > 24 h, Behrend, 2009web;
29.4674 h, Hanus§ et al., 2013; 76.275 h, Polakis, 2018a; 38.4733 h,
Pal et al., 2020). Our determination of 76.707 + 0.019 h agrees
approximately with that of Polakis and differs from the others. We
note that Pal’s period is half of ours, but that our lightcurve is clearly
bimodal in shape. Our RMS error is 8 mmag, and our G value
estimate is 0.02.
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Previously reported periods near 29.6 h are an alias of our result by
V4 period per sidereal day; the substantial number of our observing
sessions has eliminated that alias from our period spectrum.

Period Spectrum: 1255 Schilowa

RMS error (x 0.01 mag)

Period (hours)
20 40 60 80 100 120 140 160 180 200

67

1261 Legia. For this outer main-belt asteroid, we find a period of
25.727 £ 0.002 h, differing from the sole known previous report of
8.693 h (Behrend, 2005web). Our RMS error is 16 mmag; G value
of 0.07 minimized the fit error.

T T T T T

T T T
Year: 2022 =
11.76 | + 1077-01-16 4+ 1133-04-07| 1261 Legla ol
W 1078-01-29 M 1150-04-22) fio o
11.781-| % 10790130 ¥ 1165.-04-24| Period: 25.727  0.002 h |
® 1081-01-31 M 1160-04-25 Amp: 0.14

11.80 | + 1093-0225 v 1163 - 04-26| 4

© 1105-03.08 + 1173 -04-30) o

11.82[-| ¢ 1108-03-09 ® 1177-05-01 4
% 11110403 —S5th Order -

11.84 -

11.86 -
11.88-
11.90
11.92-
11.94-

11.96 ® Ty ®
11.98 !@ 4

12.00 @ {, -

JDo(LTC): 2459595.762793

Reduced Magnitude(SR) (a: 14.8 G: 0.07)

L L L L L L L L L L L
000 0.10 020 0.30 0.40 050 060 070 0.80 0.90 1.00

Our length of observation campaign (15 nights over 15 weeks)
yields a period spectrum that supports our proposed period solution.
The period spectrum does not support the previously reported
period near 8.7 h.

5 Period Spectrum: 1261 Legia
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1300 Marcelle. Previous period reports (>12 h, Behrend, 2008 web;
17.9536 h, Pal et al., 2020) did not prepare us for the very long
period estimate of 566.57+0.44 h that emerged from our 16 nights
(across 14 weeks, about 3.8 period cycles) of observations of this
outer main-belt asteroid. We have an unfortunate gap in
observations around the major minimum (phase 0.93 in the
lightcurve), but rest of the lightcurve is well covered, and the RMS
error is only 17 mmag, or about 5% of the amplitude found. G value
of 0.09 optimized the fit.
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Number Name yyyy mm/dd Phase Lpag Bpas Period(h) P.E. Amp A.E. Grp
282 Clorinde 2022 04/08-07/04 *13.8,21.5 224 11 49.280 0.006 0.18 0.04 MB-I
414 Liriope 2022 04/02-04/21 *6.3,3.5 209 11 11.004 0.001 0.15 0.02 MB-O
866 Fatme 2022 01/24-04/21 *7.2,17.2 142 8 23.215 0.001 0.11 0.03 MB-O
1051 Merope 2022 04/26-06/25 *13.1,12.8 247 26 13.710 0.001 0.18 0.04 ALA
1237 Genevieve 2022 05/06-06/30 9.4,21.1 206 5 12.346 0.004 0.21 0.03 MB-M
1255 Schilowa 2022 06/08-10/12 *21.7,14.5 341 10 76.707 0.019 0.24 0.03 MB-0O
1261 Legia 2022 01/16-05/01 *15.0,21.7 154 3 25.727 0.002 0.14 0.05 MB-O
1300 Marcelle 2022 01/11-04/21 *6.3,21.2 124 9 566.570 0.440 0.38 0.05 MB-O
1582 Martir 2022 03/08-04/29 *6.0,17.0 171 14 12.376 0.001 0.61 0.03 MB-O
1585 Union 2022 07/19-10/12 *11.0,21.1 320 4 12.800 0.001 0.22 0.04 MB-O
1605 Milankovitch 2022 09/24-10/04 10.2,6.8 24 -6 11.608 0.004 0.10 0.02 EOS
1724 Vladimir 2022 05/06-06/24 *10.9,11.7 248 15 12.569 0.002 0.26 0.04 MB-O
1904 Massevitch 2022 04/30-05/05 7.7,6.5 232 13 5.396 0.001 0.34 0.02 MB-O
2088 Sahlia 2022 04/02-05/02 11.0,22.3 174 0 59.550 0.008 0.90 0.03 FLO
2802 Weisell 2022 05/15-06/16 19.2,21.8 184 10 21.086 0.003 0.47 0.05 MB-O
3431 Nakano 2022 07/13-09/05 *15.0,4.4 332 4 9.056 0.002 0.13 0.03 MB-O
4429 Chinmoy 2022 09/05-10/14 *2.7,19.3 347 1 731.710 5.020 0.46 0.06 NYS
4901 O Briain 2022 07/27-09/06 *20.5,6.9 333 6 1.325 0.001 0.08 0.03 2076

12919 Tomjohnson 2022 07/18-09/24 *9.6,28.3 312 8 8.149 0.001 0.52 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 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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1585 Union. Of the rotation period reports for this relatively bright
outer main-belt asteroid (9.38 h, Binzel, 1987; 24 h, Behrend,
2004web; 12.798 h, Polakis, 2019; 12.7993 h, Durech et al., 2020;
12.7988 h, Pal et al., 2020) we confirm the more recent of these
with our estimate of 12.800 + 0.001 h. The lightcurve shape is
clearly bimodal. Our Fourier fit RMS error is 11 mmag, and our
best estimate of G is 0.17.
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1605 Milankovitch. Our new rotation period estimate for this outer
main-belt asteroid agrees with two published periods (11.60 h,
Cooney, 2005; 11.63 h, Behrend, 2006web) but differs from two
others (11.111 h, Carrefo et al., 2020; 5.80104 h, Pal et al., 2020).
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The period spectrum strongly disfavors other period candidates that
are not multiples of our estimate. The published estimate of
11.111 h cannot readily be explained as an alias of our result.

Period Spectrum: 1605 Milankovitch
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At the aspect from which our observations were taken, the
lightcurve is very probably bimodal; in particular, the minima do
not quite coincide in magnitude.
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1724 Vladimir. For this outer main-belt asteroid, we confirm
previous period reports, all with LCDB uncertainty codes of 2
(12.57 h, Benishek, 201 1web; 12.582 h, Benishek, 2015; 12.574 h
and 12.557 h, Waszczak et al., 2015; 12.56792 h, Durech et al.,
2020), with our determination of 12.569 + 0.002 h. Our Fourier fit
RMS error is 17 mmag; G value of 0.04 minimized that fit error.
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1904 Massevitch. For this outer main-belt asteroid, we confirm
previous period reports (5.394 h, Bohn et al., 2015; 5.395389 h,
Durech et al., 2019) with our finding of 5.3961 £ 0.0006 h. RMS fit
error is 12 mmag; G value of 0.30 optimized the fit.
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The period spectrum has secondary signals at multiples of half of
our proposed period; the deepest minimum is at our proposed
period.
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Period Spectrum: 1904 Massevitch
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2088 Sahlia. This Flora-family asteroid has had three period reports,
all differing (10.37 h, Binzel and Mulholland, 1983; 36.717 h,
Erasmus et al., 2020; 58.3 h, Podlewska-Gaca et al., 2021). We
generally confirm the most recent with our estimate of
59.550 £ 0.008 h. RMS error is 24 mmag; G value of 0.27 optimizes
the Fourier fit.
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The very high lightcurve amplitude persuades us to adopt the
bimodal interpretation at 59.550 h. Our period spectrum does not
support previously reported periods near 10.4 h or 36.7 h (which is
an alias of the present solution by exactly % period per 24 h). Given
the period’s proximity to 60 h (2.5 days), this asteroid will benefit
from longer observing sessions at apparitions of favorable latitude,
of which the next will be August 2023 for the Southern Hemisphere
and January 2025 for the Northern Hemisphere.

Period Spectrum: 2088 Sahlia
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2802 Weisell. For this outer main-belt asteroid we report a period
0f21.086 + 0.003 h, in agreement with three previous reports (21.11
h, Behrend, 2006web; 21.078 h, Behrend, 2011web; 21.0966 h,
Durech et al., 2019) but differing from two others (14.683 h,
Brinsfield, 2011; 37.705 h, Hanus et al., 2016).
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The period spectrum’s strongest signal is at the proposed period,
and the next-largest is at three-halves the proposed period. It does
not support periods near 14.68 h or 37.7 h, both in fact being aliases
of our solution by % period per 24 h.
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3431 Nakano. All known previous rotation period reports (8.90 h,
Warner, 2003; 9.2 h, Warner, 2011; 9.0863 h, Brincat, 2017web;
9.0563 h, Brincat and Galdies, 2018; 9.05427 h, Durech et al., 2020)
for this outer main-belt asteroid are near 9 hours, and our period
estimate of 9.056 + 0.002 h confirms them. The lightcurve shape is
clearly bimodal. Fourier fit RMS error is 10 mmag, and our best
estimate of G is 0.11.
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4429 Chinmoy. No previous period reports were found for this
relatively faint Hertha/Nysa-family asteroid. We propose a
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bimodal-basis rotation period of 731.7 + 5.0 h, based on
observations over 15 nights. The observation campaign covered
only 40 calendar days, or about 1.3 rotation periods, but the large
apparent amplitude helped us discern the lightcurve shape early on.
The Fourier fit RMS error is 35 mmag; we could not distinguish the
G value from MPC’s default value of 0.15.
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The minimum in our period spectrum actually falls at 366 h, that is,
at half our proposed period estimate, but the lightcurve’s large
amplitude persuades us to adopt the bimodal value instead. In any
case, periods shorter than about 300 h appear to be ruled out.

Period Spectrum: 4429 Chinmoy

RMS error (x 0.01 mag)
5 ®o ®© S N B >

N

Period (hours)

100 200 300 400 500 600 700 800 900 1000

4901 O Briain. This Levin-family asteroid has no known rotation
period reports. Our estimate of 1.3250 £+ 0.0005 h on a monomodal
basis would classify this asteroid squarely as a fast rotator, but
interpreting the lightcurve as bimodal would render it a more
normal case. Neither the split-halves plot nor the amplitude of 0.08
magnitudes helps to decide between monomodal and bimodal
possibilities and thus the true, physical rotation rate. Our Fourier fit
RMS error is 16 mmag, and our G estimate is 0.29.
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The period spectrum strongly supports our proposed period
estimate, but it does not help in choosing between monomodal and
bimodal lightcurve interpretations. The possibility of (4901)
O Briain’s being a fast rotator makes it an attractive candidate for
future observation campaigns.
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12919 Tomjohnson. This inner main-belt asteroid has no known
rotation period reports. Despite the unfavorable declination for our
observing site which served to limit duration of our observing
sessions, we obtained an estimated period of 8.149 + 0.001 h. The
relatively large lightcurve amplitude lends confidence to the
bimodal interpretation as suggested by the differing brightnesses of
alternating minima. Fourier fit RMS error is 28 mmag, and our G
estimate is 0.12.
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The four major signals within the period spectrum comprise a series
of 1, 1.5, 2, and 2.5 times our proposed period. Despite the period’s
proximity to 8 hours (one-third day), other aliases have been
suppressed by the use of data from seven nights variously spaced.
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