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Photometric observations of asteroid 4510 Shawna were
obtained in October and November of 2024. We found a
period of rotation P =20.1 £+ 0.04 h.

4510 Shawna (1930 XK) is a main-belt asteroid which is part of the
Vesta family. It has a semi-major axis of 2.36 au and an eccentricity
of 0.14. The diameter is estimated to be 6.8 km. It was discovered
by Clyde W. Tombaugh on December 13, 1930, at Flagstaff
observatory. This asteroid was named in honor of his granddaughter
Shawna Willoughby.

CMOS photometric observations of 4510 Shawna were obtained
using the Las Cumbres Observatory 0.4-meter network between
2024 October 20 and 2024 November 29. (See Table 1.)
Observations cover 1.54 rotations, based on the period we
determined. The photometry and period analysis were performed
using TychoTracker Pro (Tycho) Version 12.2. The Tycho program
performs photometric analysis using standard differential
techniques on provided images. The ATLAS catalog (Kostov and
Boney, 2017; Tonry et al., 2018) was used as the source of reference
stars for this asteroid. The program then uses the magnitude of the
reference stars and the asteroid to create a light curve.

Siteld Encld MPC Code # Sessions
Coj clma Q58 7
cpt aqwa L09 12
elp aqwa V38 6
Isc aqwa W89 14
Isc aqwb W79 9
ogg clma TO03 18
ogg clma T04 5
tfn aqwa 714 1
tfn aqwa 717 8
tfn aqwa 721 16

Table |. The Siteld refers a unique identifier for ground-based
observation stations. The same site can have different telescopes.
Encld refers to a specific enclosure at an observatory and some
enclosures can have more than one telescope. An MPC Code is a
unique three-digit code provided by the Minor Planet Center that can
be used to identify observatories. Each session consisted of roughly
4 images from the same telescope and a red filter was applied in
every session.

After constructing the lightcurve, the program performs the least
squared fit of modeled magnitudes to photometric magnitudes. The
models are constructed with a user defined number of Fourier
components. For our analysis we used 3 and 4 components. The
program then lists the possible candidate periods found within the
span of a user-defined period range and sampling frequency. The
Periods and corresponding root mean squared error (RMSE) values
are plotted as a periodogram. The best fit between the models and
the observations is where the periodogram is a minimum. It is
usually the case that a periodogram shows several local minima
which are integer multiples of the lowest fit, i.e.

t=n=T1(1)
Where ¢ are the periods of the local minima, 7 is the fundamental

(lowest) frequency, and » is an integer. Usually, the rotational
period is the second harmonic (n=2).

Number Name yyyy mm/dd Phase

LPAB

BPAB

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

4510 Shawna 2024 10/20-011/29 15.8,23.7 18

4

20.10 0.04 0.1218 0.0306 401

Table Il. 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 (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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We applied this analysis technique to our observations from 96
observing sessions (383 exposures) obtained using the Las Cumbres
Observatory 0.4-meter network of telescopes. The observations
were taken between 2024 October 29 and 2024 November 29.
Through our analysis, the first three harmonics can be seen in the
periodogram shown here. The results are summarized in Table I1.
We selected P =20.1+0.04 hours, and A =0.12+.05 mag. as the best
fit to our measurements, with the resulting lightcurve presented
here.

M Y
N

Period Spectrun: 4510 Shawna

M;‘}:ll‘ “H‘f \“\”\ Il M ‘m whi\
“‘ J H“ \MHH\‘ “\‘\‘ \\‘V \V \
il ‘\”‘h“ il

‘ M MV

3.996

4.005
3.897)
3.799

3.700

RUSE (x0.01 mag)

3.601
3.503
3.404
3.305
3.207

3.108

1.00 6.36 11.72 17.08 22.44 27.80 33.16 38.52 43.88 49.24 54.60 59.96
Hours

Phased Plot: 4510 Shawna
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There have been at least two previous attempts at obtaining this
asteroid's rotation rate (Berhend, 2017web, 202 1web), but they vary

from shorter periods (under 15 hours) to longer periods (over 40
hours).
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Photometric lightcurves of minor planet 168 Sibylla
2025 Aug. 26 - Nov. 9 show a synodic rotation period
47.016 + 0.002 h, amplitude 0.18 + 0.01 mag with an
asymmetric and somewhat irregular bimodal lightcurve.

Authors Pilcher and Benishek agreed to collaborate to obtain a
dense photometric lightcurve of 168 Sibylla with full phase
coverage.

Observations by Pilcher were made at the Organ Mesa Observatory
with a Meade 35-cm LX200 GPS Schmidt-Cassegrain, SBIG
STL-1001E CCD, 30 second exposures, unguided, clear filter.
Observations by Benishek were made at the Sopot Astronomical
Observatory with a Meade 35-cm LX200GPS Schmidt-Cassegrain,
SBIG ST-10 XME CCD, 20, 30, and 45 second exposures
depending upon the brightness of the target, unfiltered, unguided.

Image measurement and lightcurve construction were with MPO
Canopus software with calibration star magnitudes for solar colored
stars from the CMC15 catalog reduced to the Cousins R band. Zero-
point adjustments of a few x 0.01 magnitude were made for best fit.
To reduce the number of data points on the lightcurve and make
them easier to read, data points have been binned in sets of 3 with
maximum time difference 5 minutes.

168 Sibylla. Warner et al. (2009) cite previous synodic period
measurements of 168 Sibylla by di Martino et al. (1994), 23.82
hours; and by Pilcher et al. (2008), 47.009 hours. A sidereal period
determined entirely from sparse data, by Durech et al. (2020) is
47.015 hours. A total of 25 sessions obtained 2025 Aug. 26 - Nov.
9 by the two authors combined provide a dense asymmetric and
somewhat irregular bimodal lightcurve, with full phase coverage,
and a synodic period of 47.016 £ 0.002 h, amplitude 0.18 £ 0.01
mag. This result is in excellent agreement with Pilcher et al. (2008)
and Durech et al. (2020). The 23.82-hour period by di Martino et al.
can now be rejected.
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Number Name

2025/mm/dd Phase

Lras  Bras

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

168 sSibylla 08/26-11/09 * 9.6,

359 2 47.016 0.002 0.18 0.01

(see Harris et al., 1984).

Table I. Observing circumstances and results. The phase angle is given for the first and last date, except that a * denotes a minimum was
reached between these dates. Les and Bess are the approximate phase angle bisector longitude and latitude at mid-date range
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We find for tumbling asteroid 571 Dulcinea a principal
rotation period of 190 + 1 hours with a second period too
close to commensurate to be separately found. The full
lightcurve amplitude is 0.7 magnitudes.

According to “The Asteroid Lightcurve Database,” (Warner et al.,
2009), only one paper on the rotational parameters of 571 Dulcinea
has been previously published. Stephens (2011), on the basis of 18
sessions 2010 Nov. 2 - Dec. 4, found a principal period of 126.3
hours and included a lightcurve with great scatter between sessions.
He added a note reported by P. Pravec: “A second period cannot be
uniquely determined from the available data.”

The observations by Pilcher 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 to 120 second exposures, unguided, clear filter. Observations by
Delgado are with an 11-inch Celestron Schmidt-Cassegrain, Atik
4.14 EX CCD, 60 to 120 second exposures. Observations by Lorenz
are with a Meade Classic 10-inch Schmidt-Cassegrain, ZWO ASI
294 MM Pro CMOS camera, 120 second exposures, Cousins R
filter, images obtained using parallel guiding. For image
measurement and lightcurve construction, the authors used MPO
Canopus software with calibration star magnitudes for solar colored
stars from the CMC15 catalog reduced to the Cousins R band.

Observing circumstances were especially favorable for northern
hemisphere observers. Asteroid 571 Dulcinea was at declination
near +31 degrees. Long nights enabled most of the sessions to be
7 to more than 10 hours duration. A fortuitous long spell of weather
occurred in the southwest desert of the USA that was unusually
clear even by the standards of the region. These many clear nights
enabled first author Pilcher to obtain 50 sessions. With another 18
sessions by Delgado and Lorenz from Spain, the three observers
combined obtained 68 sessions, with a total of 24874 measurable
data points, in the interval 2025 Oct. 19 - 2026 Jan. 6.

Large amplitude tumbling was confirmed very early in the
campaign, as no reasonable adjustment of zero points produced a
good fit. Hence no attempt was made at adjustment. With the use of
MPO Canopus software for single period examination, trial
lightcurves for all possible periods between 50 hours and 550 hours
were examined and a period spectrum plotted (Figure 1). A deep
minimum occurs near 190 hours, and a single period lightcurve was
plotted (Figure 2) to a period of 190 hours, amplitude near 0.7
magnitudes. There is a good fit in slopes of segments at
corresponding phases in the cycle, but there are magnitude discords
up to 0.3. These discords are much too great to be realistically
explained by catalog errors and CCD response differences. They
can only be caused by tumbling of the target. We also include raw
plots for the intervals 2025-10-19 to 2025-11-05 (Figure 3), 2025-
11-10 to 2025-12-02 (Figure 4), and 2025-12-07 to 2026-01-06
(Figure 5).
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Figure 1. The single period lightcurve of 571 Dulcinea phased to 190
hours.
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Figure 2. The period spectrum for 571 Dulcinea between 50 and 550
hours.

Number Name

yyyy/mm/dd Phase

Leas  Breas Period(h) P.E Amp A.E.

571 Dulcinea 2025/10/19-2026/01/06

*24.5 - 19.5 70 +7 190 1 0.7 0.1

Table |. Observing circumstances and results. The phase angle is given for the first and last date, unless a minimum (second value) was
reached. Leas and Beas are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984).
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Figure 3. The raw lightcurve of 571 Dulcinea 2025 Oct. 19 to Nov. 5.

T y L I I ! T J Year: 2025

- i * 364-1110

1370 Raw Plot: 571 Dulcinea [ e cpane

W 366-11112]

1315 || % 367 -11112

W 3681113

13.20- | ® 369-11114f

A 370 -11/15)

13.251- ' | v 371-11116]

* 372-11117]

13.30- |+ 373-11118)

W 374 - 11118,

13.351- | % 375 -11117]

g | 376 - 11119

) L || ® 37711121

¢ 1340 4378-11121

T . | v 379-1122

g_ 1345 + 3801122

® r || 4 381-11/24]

B . ‘ H 38211125

o L || % 383 - 11/26

v 13.55 m 384 - 11/27]

k-4 L || 385-11129)

2 pao0 A 386-12/01)

£ 13.651 ‘ || 387 12002|

8

= 13.70 R
13.75- 4
13.80- -
13.851- -
13.90 - <
13.951- 4

JDO(LTC): 2460989.0

L L L L L L L L L L L
200 4.00 6.00 800 10.00 12.00 14.00 16.00 18.00 20.00 22.00

Figure 4. The raw lightcurve of 571 Dulcinea 2025 Nov. 10 to Dec. 2.
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Figure 5. The raw lightcurve of 571 Dulcinea 2025 Dec. 7 to 2026
Jan. 6.
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Co-author Pravec used custom software which includes terms for
the sums and differences of primary rotation frequency fl and
tumbling frequency {2, as well as for the two separate frequencies,
using the 2-period Fourier series method (Pravec et al., 2005, 2014).
This analysis of the complete data set shows that (571) is clearly a
tumbler, but there is only one predominating period detected: 189.9
h (realistic error about 1 h). The error of + 0.2 hours quoted in
Figure 2 is formal and a realistic error is + 1 hours. The second
period is not well resolved. However, the shape and character of the
lightcurve suggest that the second period is actually very close to a
commensurability with the main period. (It happens probably by
chance only; there is probably no physical significance in the period
commensurability.) In other words, the ratio P1/P2 seems to be
close to n/m, where n and m are low integers. In such case, solution
for P2 is degenerate and it cannot be formally resolved from the
main period and its harmonics. And, the period 126.3 h suggested
by Stephens (2011) is 2/3 of the main period, apparently also an
effect of the period commensurability.
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Minor planet 702 Alauda has a synodic rotation period
16.706 + 0.001 h, amplitude 0.12 + 0.01 mag with a
somewhat irregular and asymmetric bimodal lightcurve.

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, 30 second
exposures, unguided, clear filter. Image measurement and
lightcurve construction were with MPO Canopus software with
calibration star magnitudes for solar colored stars from the CMC15
catalog reduced to the Cousins R band. Zero-point adjustments of a
few x 0.01 magnitude were made for best fit. To reduce the number
of data points on the lightcurve and make them easier to read, data
points have been binned in sets of 3 with maximum time difference
5 minutes.

702 Alauda. Many measurements of the rotation period of 702
Alauda have been reported in the literature (Warner et al., 2009).
All of them are near 8.35 hours, or twice that value, 16.7 hours.
Papers reporting the shorter period are by Harris and Young (1983),
8.36 hours; Fauerbach and Bennett (2005), 8.348 hours; Benishek
and Protitch-Benishek (2009), 8.3589 hours; Alkema (2014),
8.3531 hours; and Polakis (2020), 8.333 hours. Papers reporting the
longer period are by Behrend (2009web) 16.7044 hours; Behrend
(2014web), 16.7027 hours; Behrend (2019web), 16.7072 hours;
Polakis (2021), 16.65 hours; Colazo et al. (2022), 16.7 hours; and
Behrend (2023web), 16.686 hours.

The goals of this investigation were to find which of these two
possible periods is the correct one and continue observations for
several weeks to obtain a rotation period whose value is both secure
and accurate. Both goals were achieved. Observations on six nights
2025 Oct. 5 - Nov. 7 provide a good fit to a somewhat irregular and
asymmetric bimodal lightcurve with period 16.706 + 0.001 hours,
amplitude 0.12 £+ 0.01 magnitudes. The split halves version of the
lightcurve phased to 16.706 hours shows that the asymmetry of the
two halves greatly exceeds the scatter of data points. A period of
16.706 hours may be considered secure.
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Number Name

2025/mm/dd Phase

Lra  Bras

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

702 Alauda 10/05-11/07 * 9.8,

25 25 16.706 0.001 0.12 0.01

(see Harris et al., 1984).

Table I. Observing circumstances and results. The phase angle is given for the first and last date, except that a * denotes a minimum was
reached between these dates. Les and Bess are the approximate phase angle bisector longitude and latitude at mid-date range
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Photometric observations of three main-belt asteroids
were conducted to verify or determine their synodic
rotation periods. For 2484 Parenago, we found P = 3.430
+0.002 h with A =0.38 + 0.04 mag. For 3807 Pagels, we
found P =3.287 + 0.001 h with A =0.10 + 0.02 mag. For
7631 Vokrouhlicky, we present a preliminary solution
with P =75.24 £ 0.24 h with A =0.56 + 0.05 mag.

CCD photometric observations of three main-belt asteroids were
carried out in 2025 October-December at the Astronomical
Observatory of the University of Siena (K54). We used a 0.30-m
175.6 Maksutov-Cassegrain telescope and SBIG STL-6303E NABG
CCD camera; the pixel scale was 2.30 arcsec when binned at 2x2
pixels. We used a Clear filter and 300 seconds of exposure time.

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 7631 Vokrouhlicky.

2484 Parenago (1928 TK) was discovered by G.N. Neujmin at
Simeis on 1928 October 7 and named in memory of Pavel Petrovich
Parenago (1906-1960), a professor at Moscow University, a
corresponding member of the U.S.S.R. Academy of Sciences and
the founder of the Moscow school of stellar astronomy. It is an inner
main-belt asteroid with a semi-major axis of 2.343 AU, eccentricity
0.254, inclination 1.201°, and an orbital period of 3.59 years. Its
absolute magnitude is A = 13.27 (JPL, 2026). The NEOWISE
satellite infrared radiometry survey (Meinzer et al., 2019) found a
diameter D = 6.266 + 0.249 km using an absolute magnitude
H=14.0 and a geometric albedo of py=0.113.

Number Name 2025/mm/dd Phase Lpas Bras Period(h) P.E. Amp AE. Grp
2484 Parenago 11/28-11/30 1.3,2.1 65 -1 3.430 0.002 0.38 0.04 MB-I
3807 Pagels 10/10-10/16 2.4,5.1 15 -4 3.287 0.001 0.10 0.02 FLO
7631 Vokrouhlicky 12/26-12/30 4.0,5.4 92 -4 75.24 0.24 0.56 0.05 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 extremum 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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Observations were conducted over two nights and collected 168
data points. The period analysis confirms a rotational period of
P =3.430 + 0.002 h with an amplitude 4 = 0.38 + 0.04 mag, in
agreement with the result found by the same authors in 2014
(Marchini et al., 2015) and the previously results published in the
LCDB (Behrend, 2014web; Pravec et al., 2014web).

Period Spectrum: 2484 Parenago
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3807 Pagels (1981 SE1) was discovered on 1981 September 26 by
B.A. Skiff and N.G. Thomas at the Anderson Mesa Station of the
Lowell Observatory and is named in memory of Heinz R. Pagels
(1939-1988), physicist, activist, educator, administrator, editor and
author (among his numerous offices were the executive directorship
of the New York Academy of Sciences and the presidency of the
International League for Human Rights). It is a main-belt asteroid
of the Flora family with a semi-major axis 0f 2.253 AU, eccentricity
0.168, inclination 4.299°, and an orbital period of 3.38 years. Its
absolute magnitude is H# = 13.16 (JPL, 2026). The NEOWISE
satellite infrared radiometry survey (Mainzer et al., 2019) found a
diameter D = 5.532 + 0.183 km using an absolute magnitude
H=12.9 and a geometric albedo of py = 0.071.

Observations were conducted over three nights collecting 164 data
points. The period analysis shows a rotational period of P = 3.287
+ 0.001 h with amplitude 4 = 0.10 = 0.02 mag as the most likely
solution, which is consistent with those published in the LCDB by
Behrend (2001web) and Benishek (2022).

Period Spectrum: 3807 Pagels

)
©
E
i
=
o
X
e
o
=
(1
[7]
=
("]
25 3 3,5 4 45 5 55
Period (hours)
T T T T T 7 T T T
1495 Phased Plot: 3807 Pagels |
i Period: 3,287 + 0,001 h Amp: 0,10  JDo(LTC): 2460959,289280
15,00 |
15,05 |
@ 15,10 |
s
O 15,15} b
<
~
515200 |
@ 15,25} 1
©
°
2
£ 15,301 |
=
©
= 1535} |
15,40} |
15,45 |

7631 Vokrouhlicky (1981 WH) was discovered on 1981 November
20 by E. Bowell at the Anderson Mesa Station of the Lowell
Observatory; it is named in honor of David Vokrouhlicky (b. 1966),
a Czech physicist at Charles University, Prague, who has developed
new physical models for the nongravitational forces acting on small
minor planets and meteoroids. In particular, Vokrouhlicky has
studied the so-called Yarkovsky effect, which causes a slow orbital
drift into main-belt resonances and is an important mechanism for
transporting meteorites to Earth. It is an inner main-belt asteroid
with a semi-major axis of 2.372 AU, eccentricity 0.283, inclination
4.032°, and an orbital period of 3.65 years. Its absolute magnitude
is H = 14.14 (JPL, 2026). The NEOWISE satellite infrared
radiometry survey (Mainzer et al., 2019) found a diameter
D =4.919 + 0.200 km using an absolute magnitude /= 13.7 and a
geometric albedo of py = 0.242.
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Despite observing this asteroid for four nights and collecting 235
data points, we were unable to cover the entire rotation due to bad
weather. The unphased light curve (Raw Plot) suggests that it is a
very slow rotator with bimodal behaviour. We present a preliminary
solution with a rotational period of P = 75.24 + 0.24 h with
amplitude 4 = 0.56 + 0.05 mag, which is consistent with the period
analysis and the phased plot. However, due to the large number of
gaps in the phase curve, the actual period may differ considerably
from that identified in this study. Further observations at future
oppositions are strongly recommended.
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Photometric observations of asteroid 1984 Fedynskij,
2451 Dollfus and 4583 Lugo were obtained during 2025
Aug-Sep. Photometry and period determination were
carried out with TychoTracker Pro Version 12.6.1. (TT).
The photometric analysis was performed using standard
differential techniques on images with the comparison
stars employed selected by 77 to be within the colour
range of +0.50 < (B-V) <+0.90.

The Asteroid Terrestrial-impact Last Alert System (ATLAS)
catalog (Tonry et al., 2015; Kostov and Bonev, 2017) was used as
the source of reference stars. 77”s period determination operates by
finding model light curves based on a user-defined number of
Fourier components which best fit the asteroid photometric data.
The program lists the candidate periods found within a user-defined
period range and sampling frequency, based on minimizing Root

Mean Square Errors (RMSE), between the modelled and
photometric magnitudes. The candidate periods are listed in
increasing RMSE value and the entire suite of RMSE values is
plotted as a “periodogram” for quality control. In these
periodograms the object yielded a clear ‘best-fit’ period solution
having well defined minima as shown in the following figures.
Periodograms often exhibit several possible candidate periods, in
which case an examination of the rotational phase plot for each of
these is then conducted looking for a credible lightcurve. Where the
object shape is the dominant factor in producing the observed
magnitude changes, (typically having lightcurve amplitudes of
>(.2 mag), the rotational phase plot often has two peaks and two
troughs (bimodal) and this is usually chosen as the most likely for
such asteroids. In this paper no attempt is made to find an absolute
magnitude and a value of G = 0.15 has been used throughout the
calculations. Time-series magnitude estimates from different nights
and observing locations using a variety of imaging equipment were
offset in magnitude to bring them into alignment when producing
the raw and rotational-phase plots. The same offset was used for
each instance of an individual imaging setup. When this paper is
accepted for publication all the observations will be loaded into the
Asteroid Lightcurve Data Exchange Format (ALCDEF) database.

The results are summarized in Table I below. Column 3 gives the
span of dates over which the observations were made. Column 4 is
the range of phase angles for each date range, if this is preceded by
an asterisk this means the asteroid passed through minimum phase
angle during the observing period. Columns 5 and 6 give the range
of values for the Phase Angle Bisector (PAB) longitude and latitude
respectively, for the mid date of the observation set. Column 7 gives
the period and Column 8 the minimum possible formal error in
hours given by 77. Columns 9 and 10 give the amplitude and its
associated uncertainty in magnitude. Dips in the results from the
period analysis have been checked to see if they are monomodal or
bimodal and a bimodal period has been chosen for the best-fit result.
Information given for the object is taken from the NASA Jet
Propulsion Laboratory (JPL) Small-Body Database Lookup
webpage (2023).

1984 Fedynskij is an outer main-belt asteroid that was discovered
on 1926 Oct. 10 by S.I. Belyavskij at Simeis. The lightcurve period
and amplitude results reported here are based on a total of 289
exposures obtained during 2025 Aug-Sep. Our analysis found a
synodic rotation period of 8.14 + 0.005 h and peak-to-peak
amplitude of 0.373 £+ 0.026 mag. This period agrees with earlier
results from Durech et al. (2020) and Dose (2025).
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2451 Dollfus is an outer main-belt asteroid that was discovered
1980 September 2 by E. Bowell at the Anderson Mesa station of the
Lowell Observatory. The lightcurve period and amplitude results
reported here are based on a total of 537 exposures obtained during
2025 August-September. Our analysis found a synodic rotation
period of 137.7 + 0.09 h and peak-to-peak amplitude of 0.453 +0.03
mag. Currently, the ALCDEF database reports two possible
periods: Behrend (2007web) 48 hours and Durech et al. (2020)
138.32 hours, with the 48 hours being retained for the default value.
Our results suggest that the ~138 hours period should be retained.
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4583 Lugo is an inner main-belt asteroid that was discovered on
1989 Sep. 01 at Arecibo Observatory. One previously reported
period by Behrend (2021) of 12h was found in the LCDB. The
lightcurve period and amplitude results reported here are based on
a total of 446 exposures obtained during 2025 August-September.
Our analysis found a synodic rotation period of 39.77 + 0.03 h and
peak-to-peak amplitude of 0.399 + 0.03 mag. One earlier rotation
period was found in the LCDB (Behrend, 2021; 12h).

Phased Plot: 4583 Lugo
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STARRS gri to BVRI (Kostov and Bonev, 2017).

Number Name yyyy mm/dd Phase Lpas Bpag Period (h) P.E. Amp A.E. Grp
1984 Fedynskij 2025 08/23-09/25 *3.8, 8.9 351 2 8.14 0.01 0.373 0.03 9106
2451 Dollfus 2025 08/23-09/28 *0.9,12.3 340 2 137.70 0.09 0.453 0.03 9106
4583 Lugo 2025 08/23-09/28 *0.2,13.5 342 0 39.77 0.03 0.399 0.03 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 a minimum during the period. Lpas 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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Observatory Telescope (m) Camera Filter Object (sessions)

0Old Orchard Observatory 0.35m SCT 1/6.7 SX694 Trius Pro SR 1984 (4) 2451 (12)
(209), Hawley 4583 (10)

University of Utah 0.35m SCT f/5.5 ST-10XME (3x3) C 1984 (4)

(718), Wiggins

Pelagia-Eleni 0.35m SCT /8 ASI 183MM Pro L 1984 (1) 2451 (13)
(247), Kardasis 4583 (10)

Tree Gate Farm 0.28-m C11 /1.9 ASI2600MM C 1984 (2) 2451 (2)
(WO05), Gout 4583 (5)

Whiskey Creek Observatory 0.457m Newt /4.2 QHY 268M C 1984 (1) 2451 (2)
(V19), DeGroff 4583 (2)

Calne Observatory 0.28 f/8 SCT SX-H674 L 1984 (1) 2451 (1)
(247), Scott

Flarestar Observatory 0.25m SCT /6.3 G2-1600 C 2451 (9)

(171), Brincat

Al Khatim Observatory 0.36m SCT /7.7 ASI 2600MM Pro C 2451 (6) 4583 (4)
(M44), Odeh

Znith Observatory 0.2m SCT G2-1600 C 2451 (1)

Galdies

Southside Observatory 0.28m SCT /5.8 QHY 174-GPS C 1984 (4) 2451 (2)
(Y98), Haymes 4583 (2)

Tacande Observatory 0.4m Dilworth /6.5 SX814 Trius Pro C 4583 (1)

(J22), Leyland

Table Il. List of observers and equipment. The number in parentheses in the last column is the number of sessions for the given object.
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Photometric measurements were made for binary asteroid
26471 Tracybecker using CCD observations made during
2025 September and October. Mutual events were
detected, and rotation and orbital periods were
determined. All the data have been submitted to the
ALCDEEF database.

CCD photometric observations of the main-belt asteroid 26471
Tracybecker were performed at Command Module Observatory
(MPC V02) in Tempe, AZ. The purpose of the observations was to
determine if mutual events occur at a different position angle
bisector from previous work.

Images were taken at V02 using a 0.32-m {/6.7 Modified Dall-
Kirkham telescope, SBIG STXL-6303 CCD camera, and a ‘clear’
glass filter. Exposure time for 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 of these
asteroids were obtained in 2024 September and October. Images
taken at V02 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 (Diffraction Limited, 2017) software.

The data reduction and period analysis were done using MPO
Canopus (Warner, 2023). 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.

The clear-filtered images were reduced to Sloanr’ 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 Tycho. The ATLAS catalog derives Sloan
griz magnitudes using a number of available catalogs. The
consistency of the ATLAS comp star magnitudes and color-indices
allowed the separate nightly runs to be linked often with no zero-
point offset required or shifts of only a few hundredths of a
magnitude in a series.
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Data reduction for V02 images used a 9-pixel (16 arcsec) diameter
measuring aperture for asteroids and comp stars. It was typically
necessary to employ star subtraction to remove contamination by
field stars.

For the asteroid described here, the RMS scatter on the phased
lightcurves is noted, 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 (Harris et al., 1989). The phased
lightcurve shows the maximum at phase zero. Magnitudes in these
plots are apparent and scaled by MPO Canopus to the first night.

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.

26471 Tracybecker was discovered in 2000 by the Lincoln
Laboratory Near-Earth Asteroid Research Team at Socorro. It was
named after planetary scientist, Tracy M. Becker, who is affiliated
with the Southwest Research Institute. The asteroid’s orbit has an
eccentricity of 0.15, and the opposition of 2025 September was
favorably near perihelion.

The asteroid’s rotation period of 2.687 £+ 0.001 h was determined
by Warner (2008), but its binary nature was discovered in 2010
(Warner et al., 2010), in which rotation and orbital periods are
published as 2.68679 + 0.000003 h and 39.28 + 0.01 h, respectively.
A set of further observations by Warner (2013) resulted in a rotation
period of 2.6829 + 0.0002 h, and an orbital period of 39.61 + 0.05
h, with the mutual event barely detectable. Later analyses authored
by Skiffetal. (2019) and Colazo et al. (2021) did not show detection
of the presence of mutual events. Table II provides position angle
bisectors for each of these sets of observations, and indicates
whether mutual events were captured.

The asteroid was observed at V02 on nine nights, during which time
932 images were gathered. A synodic rotation period of 2.6870 +
0.0001 h was computed. RMS error on the fit is 0.033 mag.
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Number Name

yy/mm/dd Phase

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

LPAB BPAB

26471 Tracybecker 25/09/14-10/01

26.0,25.6

357 32 2.6870 0.0001

39.29 0.02

0.19 0.03 HUN

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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Mutual events were detected on three of the nine nights. The
resulting orbital period is 39.29 + 0.02 h.
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Author yy/mm/dd Lpag Bpag Mutual Events?
Warner 2008 2008-02-11 122.1 -17.3 N
Warner 2010 2009-07-15 322.4 21.4 Y
Warner 2013 2012-12-11 74.5 6.7 Y
Pravec 2016 2016-01-06 127.0 -14.6 N
Skiff 2019 2019-03-19 177.2 -27.3 N
This work 2025-09-20 357.4 32.5 Y
Future opp. 2027-03-23 182.2 -27.4
Future opp. 2028-12-17 85.2 1.8
Future opp. 2030-06-02 249.3 -10.5
Future opp. 2032-02-03 135.3 -20.0
Future opp. 2033-10-02 9.2 31.6
Table Il. Position angle bisectors and detection of mutual events compared to prior
observations, and five future oppositions. Dates are the mid-date range.
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We present an updated estimate for the synodic rotation
period (P) and the lightcurve amplitudes for each
observation epoch of the Jupiter Trojan asteroid 2893
Peiroos (preliminary designation 1975 QD). We
compared the spectral slope of 2893 Peiroos with that
associated to a classical D-type asteroid, reaffirming its
taxonomic classification. The color index V-R was also
updated for the observation epochs 2011.5 and 2023.8
and the estimates were used to analyze its compatibility
with the D spectral class inside the L5 Trojan population.

2893 Peiroos (1975 QD) is a Jupiter Trojan asteroid situated in the
Ls Lagrange cloud (Stephens and Warner, 2019). It was discovered
on 1975 August 30 by the Felix Aguilar Observatory (CASLEO)
(Minor Planet Center Database, 2025). The asteroid has an
estimated diameter of 86 km (Mainzer et al., 2019). Its orbit has a
semi-major axis of 5.138 AU, an eccentricity of 0.0763 and an
inclination of 14.67°. Its absolute magnitude is 9.00 (Jet Propulsion
Laboratory, 2025 May 5).

We report photometric observations of 2893 Peiroos from six
nights, distributed across 2011 August 3, 4 and 7 and 2023
November 5, 6 and 7. Observations were made remotely from the
Complejo Astronomico El Leoncito (CASLEO) (San Juan,
Argentina, MPC code 829) through the 2.15m Jorge Sahade
telescope and a Roper VersArray CCD Camera in Reducer Focal
Mode with a binning of 2 x 2. The images from 2011 August were
registered through an R filter while the images from 2023
November were captured with a V Filter, in both cases with a
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180-second exposure time. These reports bring the observation
interval to more than 12 years, i.e. approximately the orbital period
of the Jupiter Trojan asteroids. The previous known interval of 4
and a half years is augmented for almost 8 years.

The images were analyzed and reduced through the Image
Reduction and Analysis Facility (IRAF). To visualize and
manipulate the images we used the Smithsonian Astrophysical
Observatory Deep Space Nine (DS9) program. As a result of the
photometric reduction, we obtained the differential magnitude of
2893 Peiroos for each observation with respect to a comparison star
selected for each opposition. The brightness measured in the
oppositions of 2011 August was corrected by the color index V-R
from Chatelain et al. (2016). We retrieved the mean brightness of
each comparison star in the magbands G, Gsp and Grp from the
Gaia Early Data Release 3 (EDR3) catalog, using digitized images
displayed in the Aladin software. By means of a third-degree
polynomial transformation provided by the EDR3 catalog we
computed the V-band magnitude of the comparison stars in the
Johnson-Cousins photometric System, and so the standard apparent
magnitude of 2893 Peiroos was obtained as:

MPpeiroos = (mPeiroos, inst — Mstar, inst) + Mistar,cat (1)

In Equation (1) mpeiroos is its standard V-band apparent magnitude,
Mpeiroos, inst 1S 1ts instrumental magnitude (corrected by the
aforementioned V-R color index whether necessary), Mstar, inst 1S the
V-band instrumental magnitude of the comparison star and Mstar, cat
is its standard V-band magnitude.

The V-band apparent standard magnitude, the solar phase angle,
and the phase angle bisector longitude (Lpag) and latitude (Bpag)
for the approximate mid date from the oppositions between the
years 2015 and 2020 were retrieved from ALCDEF database. These
data were combined with our own data to estimate the rotational
parameters and to model its shape. To compute the reduced
magnitude and the geocentric and heliocentric distance of the
asteroid, we used the values provided by the JPL Horizons System.
With the respective ephemerides (cartesian coordinates of the Earth
and of 2893 Peiroos with respect to the Sun) we computed the
asteroidal position vectors from the Earth and the Sun at an
approximate mid-date for each night. The absolute magnitude was
computed with the three-parameter H, G1, G2 photometric phase
function from Penttild et al. (2016). H is the mean absolute
magnitude, and Gi1, G2 are parameters that describe the general
shape of the phase function. To compute them we used the online
calculator by Penttild et al. (2016). The parameters were estimated
by a minimum squared method through which the phase function
was fitted. To fit the phase function, we adopted the linear
unconstrained fit from Muinonen et al. (2010) (see Figure 1). To
compare models with a different number of parameters, we needed
to penalize the (weighted) sum of squared errors (SSE) with the
number of parameters p. In Penttild et al. (2016) this is performed
using the Bayesian Information criterion (BIC). The smaller the
value of the BIC, the more preferred the model. For 2893 Peiroos,
the model which satisfies this condition is the one-dimensional
H(D), in which only the parameter H is fitted and the values adopted
for Gi, Gz correspond to the means associated to the D taxonomic
class. Our corresponding values are: H=9.2114, G1=0.9617 and
G2=0.01645. These parameters are broadly consistent with those
reported by Mahlke et al. (2021) (H=9.229, G1=0.856, G2=0.050),
and especially the magnitude parameter H is coherent with a D
spectral type. From the linear unconstrained fit k=-0.03294 is the
photometric slope, WRMS=0.4314 is the weighted root mean
square and the BIC=-37.18.
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Figure 1: Linear, unconstrained fit (Muinonen et al., 2010) of the
reduced mean magnitude versus the three-parameter (H, G1, G2)
photometric phase function (Penttila et al., 2016) in each opposition.
The red filled circles represent the mean reduced magnitudes
computed for the approximated solar phase angles and the blue
curve represents the corresponding fit.

The phase curve shown in Figure 1 is characteristic of a Trojan
asteroid, with an approximately linear slope up to ~ 1°, at which
point a break occurs and a smooth opposition effect is observed for
smaller phase angles. Due to its steep slope extending to phase
angles greater than 10° and considering the low albedo of 2893
Peiroos, the presence of exposed regolith could be inferred on its
surface (Oszkiewicz et al., 2012). With the absolute magnitude
parameter H and the geometric albedo pyv=0.048 in the V band
reported by the WISE mission, we estimated empirically the
effective diameter of the object Der=87.22 km. This value is
consistent with the estimates previously reported in ALCDEF:
Der=87.46 km (Tedesco et al., 2004), Der=86.88 km (Mainzer
etal., 2011), De=86.76 km (Usui et al., 2011), and D.=86.884 km
(Mainzer et al., 2019).

We also estimated the color index V-R independently for the epochs
2011.6 and 2023.8 with our own data (apparent standard magnitude
lightcurves computed in the R-band or V-band with Equation (1)).
For the epoch 2011.6 we combined two lightcurves computed both
in the R and V bands for the same oppositions. For the epoch 2023.8
we combined four lightcurves in the V-band with one lightcurve in
the R-band. Individual V-R color indices were computed by
subtracting, for each V-band point, the nearest data point in
rotational phase from one of the R-band lightcurves, as expressed
in Equation (2):

V-R = Mpeiroos, v — MPeiroos, R (2)

The global V-R color indices were obtained independently for our
two observation epochs (2011.6 and 2023.8) by averaging the
corresponding individual measurements, and the associated error
was calculated as 2 x (SEM), being (SEM) the standard error of the
mean. Our estimates, together with the color index reported by
Chatelain et al. (2016), are shown in Table I.

Epoch V-R (V-R) Error

2011.6 0.425 0.069

2023.8 0.364 0.083
Chatelain et al. (2016) 0.470 0.040

Table I: Our color index V-R estimates derived for the epochs 2011.6
and 2023.8 are shown, together with the value reported by Chatelain
et al. (2016).

For period analysis we generated one periodogram per observation
epoch through the Phase Dispersion Minimization technique
(Stellingwerf, 1978), allowing for a local estimation of the synodic
period. These periodograms are shown in Figure 2. We searched for
a synodic period between 2 h and 12 h with a time step equal to
0.002 h. Our sample comprised the absolute magnitudes
corresponding to each observation given in Julian Date (JD). The
mean synodic period was computed as the unweighted arithmetic
mean of the individual epoch measurements, with the associated
uncertainty computed as the standard error of the mean in order to
reflect the dispersion among epochs. The resulting estimate is
P =8.948 + 0.003 h. This mean value is in excellent agreement with
the individual epoch estimates, with differences falling within the
combined uncertainties and the expected synodic variations due to
changing viewing geometry. It lies at 0.2¢ for 2011.6, 0.15¢ for
2015.9,0.196 for 2016.9, 0.22¢ for 2017.9, 0.076 for 2019.1, 0.04c
for 2020.3 and 0.23c for 2023.8.

The previous values of the rotation period reported in ALCDEF are:
1) P = 8.99 + 0.01 h (Stephens, 2016), 2) P = 8.951 + 0.002 h
(Stephens, 2017), 3) P = 8.936 + 0.004 h (Stephens and Warner,
2018), 4) P = 8.945 + 0.001 h (Stephens and Warner, 2019),
5) P = 8946 + 0.002 h (Stephens and Warner, 2020) and
6) P = 8.949 £+ 0.005 h (McNeill et al., 2021). See Table II of
observing circumstances and results. According to the quoted errors
the difference of our period estimate (P = 8.948 £ 0.003 h),
quantified using a z-score function, is statistically consistent (within
the 95% confidence interval) with 2), 4), 5) and 6), lying at 0.83c
for 2), 0.95¢ for 4), 0.55¢ for 5) and 0.17c for 6). However, the
period difference with respect to 1) and 3), given by 4.02¢ and 2.4¢
respectively, is not considered statistically consistent.

We computed the V-band reduced magnitude lightcurves and
phased them, for each observation epoch, according to the local
specific period estimated by the PDM technique. Subsequently, a
4th-order Fourier series was fitted to the phased data in order to
derive the lightcurve peak-to-peak amplitudes and its associated
uncertainty. The epoch-specific periods estimated by the PDM
technique and the lightcurve amplitudes are shown in Table II. The
folded lightcurves are shown in Figure 3.

The differing amplitudes derived from the Fourier fit across
different epochs indicate that 2893 Peiroos was observed at
different viewing geometries (i.e, changing aspect angles). The
lightcurves from all the epochs are dominated by a bimodal shape.
The regularity of the lightcurves, combined with amplitudes
reaching up to Am ~ 0.41 mag, indicates a non-spherical shape,
consistent with a triaxial ellipsoid elongation.

In a complementary analysis, we noted that the blueshift in our
color index V-R estimates between the epochs 0f 2011.6 and 2023.8
(Table I) can be related to an increase of the solar phase angle
(between ~ 2°in 2011.6 and ~12° in 2023.8, as seen in Figure 1).
According to Colazo et al. (2025), from the analysis of an ATLAS
survey sample they concluded that both a blueshift or a redshift are
observed for phase angles below 5° (toward higher values), without
any clear preference. However, within the range 10°-30° redshift
cases prevail, consistent with the fact that the effects that generate
this behaviour are noticeable at higher phase angles (Colazo et al.,
2025). In contrast, Alvarez-Candal (2024) showed that for phase
angles below 4.5° intrinsically red objects tend to become bluer
towards higher values and vice versa. However, for phase angles
greater than 5°, intrinsically red objects tend to become redder,
consistent with the traditional phase coloring (Alvarez-Candal,
2024). The blueshift for higher phase angles that we observe is
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Number Name yyyy mm/dd Phase Lpag Bpas Period(h) P.E. Amp A.E. Obs.
2893 Peiroos 2011 08/03-08/07 1.7, 2.0 315 -7 8.94 0.04 0.30 0.04 CASLEO
2893 Peiroos 2015 09/09-09/11 7.5, 7.2 89 -7 8.96 0.08 0.29 0.05 Cs3
2893 Peiroos 2016 12/12-12/28 6.4, 3.7 116 2 8.95 0.01 0.35 0.07 Cs3
2893 Peiroos 2017 12/26-12/28 8.5, 8.3 145 8 8.93 0.08 0.39 0.03 <cCs3
2893 Peiroos 2019 02/12-02/19 6.8, 5.8 176 15 8.95 0.03 0.34 0.04 cCS3
2893 Peiroos 2020 04/18-04/22 3.6 211 16 8.95 0.05 0.29 0.02 Cs3
2893 Peiroos 2023 11/05-11/07 11.5, 11.6 328 -11 8.950 0.008 0.41 0.03 CASLEO

Table Il. 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). Amplitude error (A.E.) is calculated as V2 x (lightcurve RMS residual). Obs. is the observatory involved. CS3: Center
for Solar System Studies, CASLEO: Complejo Astronémico El Leoncito (Warner et al., 2009).

atypical since 2893 Peiroos is considered an intrinsically red object,
especially for being a D spectral type. Some variability in color
index between epochs could also be related to aspect-angle changes
or mild surface heterogeneity, as reported in previous works
(e.g Szabo et al., 2004; Cellino et al., 1989).

We corroborated the D-type taxonomy of 2893 Peiroos by
extracting its featureless, reddish spectrum from the Gaia Data
Release 3 (DR3) catalog and comparing it with the templates
retrieved from Bus-De Meo’s spectral classification. From Figure 4
we observe that the spectral slope of (2893) Peiroos is stepper than
that typically associated with a classical D-type, lying within its
dispersion although towards its redder boundary.

15
® (2893) Peiroos Gaia spectra

_— ® D-type spectra in Bus-DeMeo Taxonomy
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Figure 4: Spectral slope of 2893 Peiroos (blue curve) and of a
classical D-type from the Bus-DeMeo spectral classification (green
curve).

Finally, to evaluate the compatibility of 2893 Peiroos with the
D-type spectral class inside the L5 Trojan cloud we compared its
weighted mean V-R color index Xr = 0.400 (computed with our
own values from Table I) with the V-R global mean color index
up = 0.463 from the sample of 32 D-type Jupiter Trojans from the
L5 Lagrange cloud reported by Chatelain et al. (2016). For each
asteroid in the sample, we computed the individual weighted mean
V-R color index and the standard uncertainty, and then derived pup
and the sample dispersion op =0.025. Subsequently, we compared
the weighted mean color of 2893 Peiroos Xr and its global

uncertainty 0 xp = 0.027 to the sample distribution through a z-score
defined as:

Xp~ Hp

* - Jorvors 3)
O"p+07%p

We obtained z ~ -1.72. That means that Xp lies at approximately
1.72 composite standard deviations from pp towards the blue-ward
wing (lower V-R) of the D-type Trojan distribution, remaining
formally compatible with it.

It is interesting to note that, although the spectrum of 2893 Peiroos
presents a redder reflectance slope than the corresponding to a
classical D-type asteroid, our color index analysis places it on the
blue side of the D-type L5 Trojan sample analyzed by Chatelain
et al. (2016).
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Figure 2: Phase Dispersion Minimization analysis of 2893 Peiroos for each observation epoch. The red vertical line indicates the most probable
estimate of the synodic period which minimizes the statistic function and was therefore used for the local lightcurve phasing and Fourier fit.
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Figure 3: V-band reduced magnitude lightcurves folded for each observation epoch. Inside the plot area the following information is added: the
synodic period estimated by the PDM technique, the peak-to-peak amplitude of the Fourier model lightcurve, the Julian Date of the first data
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Photometric observations of asteroid 8556 Jana were
obtained 2025 September-November. For 8556 Jana, we
found P = 3552 + 0.01 h, A = 0.5354 £ 0.0364
magnitudes. A search of the LCDB and Minor Planet
Bulletin found no earlier periods reported

Minor planet 8556 Jana is a main belt outer asteroid it was
discovered on 1995 July 07 by Z. Moravec at Klet. Our photometric
observations of 8556 Jana were made from 2025 September 08 and
2025 November 25. Photometry and period determination were
carried out with TychoTracker Pro Version 12.6.1. (TT). The
photometric analysis was performed using standard differential
techniques on images with the comparison stars employed selected
by 7T to be within the colour range of +0.50 < (B-V) <+0.90.

The Asteroid Terrestrial-impact Last Alert System (ATLAS)
catalog (Tonry et al, 2018; Kostov and Bonev, 2017) was used as
the source of reference stars. 77”s period determination operates by
finding model lightcurves based on a user-defined number of
Fourier components which best fit the asteroid photometric data.
The program lists the candidate periods found within a user-defined
period range and sampling frequency, based on minimizing Root
Mean Square Errors (RMSE), between the modelled and
photometric magnitudes. The candidate periods are listed in
increasing RMSE value and the entire suite of RMSE values is
plotted as a “periodogram” for quality control. In these
periodograms the object yielded a clear ‘best-fit’ period solution
having well defined minima as shown in the following figures.

Periodograms often exhibit several possible candidate periods, in
which case an examination of the rotational phase plot for each of
these is then conducted looking for a credible lightcurve. Where the
object shape is the dominant factor in producing the observed
magnitude changes, (typically having lightcurve amplitudes of >0.2
mag), the rotational phase plot often has two peaks and two troughs
(bimodal) and this is usually chosen as the most likely for such
asteroids.

In this paper no attempt is made to find an absolute magnitude and
a value of G = 0.15 has been used throughout the calculations.
Time-series magnitude estimates from different nights and
observing locations using a variety of imaging equipment were
offset in magnitude to bring them into alignment when producing
the raw and rotational-phase plots. The same offset was used for
each instance of an individual imaging setup. When this paper is
accepted for publication all the observations will be loaded into the
Asteroid Lightcurve Data Exchange Format (ALCDEF) database.

The lightcurve period and amplitude results reported here are based
on a total of 773 exposures obtained during 2025 September to
November. Our analysis found a synodic rotation period 35.52 +
0.01 h, and peak-to-peak amplitude of 0.5354 + 0.0364 mag. These
results are summarized in Table 1 below. Column 3 gives the span
of dates over which the observations were made. Column 4 is the
range of phase angles for each date range, if this is preceded by an
asterisk this means the asteroid passed through minimum phase
angle during the observing period. Columns 5 and 6 give the range
of values for the Phase Angle Bisector (PAB) longitude and latitude
respectively, for the mid date of the observation set. Column 7 gives
the period and Column 8 the minimum possible formal error in
hours given by TT. Columns 9 and 10 give the amplitude and its
associated uncertainty in magnitude. Dips in the results from the
period analysis have been checked to see if they are monomodal or
bimodal and a bimodal period has been chosen for the best-fit result.
Information given for the object is taken from the NASA Jet
Propulsion Laboratory (JPL) Small-Body Database Lookup
webpage (2023).
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Number Name yyyy mm/dd Phase

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

LPAB BPAB

8556 Jana 2025 09/08-11/25

*8.6,22.2

24 =7 32.52 0.01 0.5354 0.36 9106

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 a minimum 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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Observatory Telescope (m) Camera Filter Object (sessions)
0Old Orchard Observatory 0.35 /6.7 SX694 Trius Pro (2x2) SR 8556 (8)
(209), Hawley

Pelagia-Eleni Observatory 0.351/8 ASI 183 MM Pro (1x1) \ 8556 (1)
(247), Kardasis

Tree Gate Farm Observatory 0.28 /1.9 ASI 2600 MM Pro (1x1) C 8556 (1)
(WO05), Gout

Whiskey Creek Observatory 0.457m Newt /4.2 QHY 268M (2x2) C 8556 (1)
(V19), DeGroff

Calne Observatory 0.28 f/7 SCT SXH674 (2x2) L 8556 (1)
(247), Scott

Al Khatim Observatory 0.36 £/7.7 ASI 2600 MM Pro (2x2) C 8556 (2)
(M44), Odeh

Southside Observatory 0.28 /5.8 QHY 174-GPS (1x1) C 8556 (1)
(Y98), Haymes

Siding Spring LCO Clamshell #2 035173 QHY 600 CMOS (1x1) SR 8556 (2)
(Q59), Armstrong

Sutherland LCO Agawan A #1 0.35 173 QHY 600 CMOS (1x1) SR 8556 (6)
(L09), Armstrong

Cerro Tololo LCO Agawan A #1 0.35 773 QHY 600 CMOS (1x1) SR 8556 (5)
(W89), Armstrong

Haleakala LCO Clamshell #1 035173 QHY 600 CMOS (1x1) SR 8556 (1)
(T04), Armstrong

Table Il. List of observers and equipment. The number in parentheses in the last column is the number of sessions for the given object.
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Photometric observations of asteroid 2387 Xi’an were
obtained during 2025 August. We found P = 4.2971 +
0.001 h, A = 0.2087 + 0.0215 magnitudes. Two earlier
results were found in the Lightcurve Database, Waszczak
et al. (2015) and Durech et al. (2020).

Minor planet 2387 Xi’an is a member of the Brangéne family that
was discovered on 1975 March17 by Purple Mountain Observatory
at Nanking. Our photometric observations of 2387 Xi’an were made
from 2025 November 14 to 25. Photometry and period
determination were carried out with TychoTracker Pro Version
12.6.1. (TT). The photometric analysis was performed using
standard differential techniques on images with the comparison
stars employed selected by 77 to be within the colour range of
+0.50 < (B-V) <+0.90.

The Asteroid Terrestrial-impact Last Alert System (ATLAS)
catalog (Tonry et al., 2015; Kostov and Bonev, 2017) was used as
the source of reference stars. 77”s period determination operates by
finding model lightcurves based on a user-defined number of
Fourier components which best fit the asteroid photometric data.
The program lists the candidate periods found within a user-defined
period range and sampling frequency, based on minimizing Root
Mean Square Errors (RMSE), between the modelled and
photometric magnitudes. The candidate periods are listed in
increasing RMSE value and the entire suite of RMSE values is
plotted as a “periodogram” for quality control. In these
periodograms the object yielded a clear ‘best-fit’ period solution

having well defined minima as shown in the following figures.
Periodograms often exhibit several possible candidate periods, in
which case an examination of the rotational phase plot for each of
these is then conducted looking for a credible lightcurve. Where the
object shape is the dominant factor in producing the observed
magnitude changes, (typically having lightcurve amplitudes of >0.2
mag), the rotational phase plot often has two peaks and two troughs
(bimodal) and this is usually chosen as the most likely for such
asteroids.

In this paper no attempt is made to find an absolute magnitude and
a value of G = 0.15 has been used throughout the calculations.
Time-series magnitude estimates from different nights and
observing locations using a variety of imaging equipment were
offset in magnitude to bring them into alignment when producing
the raw and rotational-phase plots. The same offset was used for
each instance of an individual imaging setup. When this paper is
accepted for publication all the observations will be loaded into the
Asteroid Lightcurve Data Exchange Format (ALCDEF) database.

The lightcurve period and amplitude results reported here are based
on a total of 264 exposures obtained during 2025 November. Our
analysis found a synodic rotation period of 4.2971 + 0.001 h and
peak-to-peak amplitude of 0.2087 £ 0.0215 mag. These results are
summarized in Table 1 below. Column 3 gives the span of dates
over which the observations were made. Column 4 is the range of
phase angles for each date range, if this is preceded by an asterisk
this means the asteroid passed through minimum phase angle during
the observing period. Columns 5 and 6 give the range of values for
the Phase Angle Bisector (PAB) longitude and latitude respectively,
for the mid date of the observation set. Column 7 gives the period
and Column 8 the minimum possible formal error in hours given by
TT. Columns 9 and 10 give the amplitude and its associated
uncertainty in magnitude. Dips in the results from the period
analysis have been checked to see if they are monomodal or
bimodal and a bimodal period has been chosen for the best-fit result.
Information given for the object is taken from the NASA Jet
Propulsion Laboratory (JPL) Small-Body Database Lookup
webpage (2023).
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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 a minimum 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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Observatory Telescope (m) Camera Filter Object (sessions)
Old Orchard Observatory 0.35 /6.7 SX694 Trius Pro (2%2) SR 2387 (3)
(209), Hawley

Tree Gate Farm Observatory 0.28 f/1.9 ASI 2600 MM Pro (1x1) C 2387 (1)
(Q59), Gout

Whiskey Creek Observatory 0.457 Newt /4.2  QHY 268M (2x2) C 2387(1)

(V19), DeGroff

Al Khatim Observatory 0.36 /7.7 ASI 2600 MM Pro (2x2) C 2387 (1)
(M44), Odeh

Astropriorat Observatory 0.406 RC /8 C4-16000EC CMOS (1x1) V-Bessel 2387 (1)
(M02), Genebriera

Table Il. List of observers and equipment. The number in parentheses in the last column is the number of sessions for the given object.
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Photometric observations of asteroid 2990 Trimberger
were obtained during 2025 December. We found
P=7.787+0.003 h, A = 0.898 + 0.064 magnitudes. This
agrees with the previously published result by Erasmus
et al. (2020).

Minor planet 2990 Trimberger is a main-belt asteroid and member
of the Nysa family that was discovered on 1981March 02 by S.J.
Bus at Siding Spring. Our CCD photometric observations of 2990
Trimberger were made between 2025 December 10 and 2025
December 17. Photometry and period determination were carried
out with TychoTracker Pro Version 12.6.1. (TT). The photometric
analysis was performed using standard differential techniques on
images with the comparison stars employed selected by 77 to be
within the colour range of +0.50 < (B-V) <+0.90.

The Asteroid Terrestrial-impact Last Alert System (ATLAS)
catalog (Tonry et al., 2015; Kostov and Bonev, 2017) was used as
the source of reference stars. 77”s period determination operates by
finding model lightcurves based on a user-defined number of
Fourier components which best fit the asteroid photometric data.
The program lists the candidate periods found within a user-defined
period range and sampling frequency, based on minimizing Root
Mean Square Errors (RMSE), between the modelled and
photometric magnitudes. The candidate periods are listed in
increasing RMSE value and the entire suite of RMSE values is
plotted as a “periodogram” for quality control. In these
periodograms the object yielded a clear ‘best-fit’ period solution
having well defined minima as shown in the following figures.
Periodograms often exhibit several possible candidate periods, in
which case an examination of the rotational phase plot for each of
these is then conducted looking for a credible lightcurve. Where the
object shape is the dominant factor in producing the observed
magnitude changes, (typically having lightcurve amplitudes of >0.2

mag), the rotational phase plot often has two peaks and two troughs
(bimodal) and this is usually chosen as the most likely for such
asteroids.

In this paper no attempt is made to find an absolute magnitude and
a value of G = 0.15 has been used throughout the calculations.
Time-series magnitude estimates from different nights and
observing locations using a variety of imaging equipment were
offset in magnitude to bring them into alignment when producing
the raw and rotational-phase plots. The same offset was used for
each instance of an individual imaging setup. When this paper is
accepted for publication all the observations will be loaded into the
Asteroid Lightcurve Data Exchange Format (ALCDEF) database.

The lightcurve period and amplitude results reported here are based
on a total of 186 exposures obtained during 2025 December. Our
analysis found a synodic rotation period of 7.787 + 0.003 h and
peak-to-peak amplitude of 0.898 + 0.064 mag. These results are
summarized in Table 1 below. Column 3 gives the span of dates
over which the observations were made. Column 4 is the range of
phase angles for each date range, if this is preceded by an asterisk
this means the asteroid passed through minimum phase angle during
the observing period. Columns 5 and 6 give the range of values for
the Phase Angle Bisector (PAB) longitude and latitude respectively,
for the mid date of the observation set. Column 7 gives the period
and Column 8 the minimum possible formal error in hours given by
TT. Columns 9 and 10 give the amplitude and its associated
uncertainty in magnitude. Dips in the results from the period
analysis have been checked to see if they are monomodal or
bimodal and a bimodal period has been chosen for the best-fit result.
Information given for the object is taken from the NASA Jet
Propulsion Laboratory (JPL) Small-Body Database Lookup
webpage (2023).
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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 a minimum 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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Observatory Telescope (m) Camera Filter Object (sessions)

Old Orchard House Observatory 0.35 6.7 SX694 Trius Pro (2 x 2) SR 2990 (2)

(209), Hawley

University of Utah 0.35 1/5.5 SBIG ST-10XME (3 x 3) C 2990 (1)

(718), Wiggins

Tree Gate Farm Observatory 0.28 1/1.9 ASI 2600 MM (1x1) C 2990 (2)

(WO05), Gout

Whiskey Creek Observatory 0.46 /4.2 QHY 268M (2x2) C 2990 (1)

(V19), DeGroff

Table Il. List of observers and equipment. The number in parentheses in the last column is the number of sessions for the given object.
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Photometric observations of asteroid 4382 Stravinsky
were obtained during 2025 Sep - Dec. For 4382
Stravinsky, we found P = 12.20 £ 0.01 h, A =0.1339 +
0.0309 magnitudes. Durech et al. (2019) reports a period
0f 12.19702 h.

Minor planet 4382 Stravinsky is an inner main-belt asteroid that
was discovered on 1989 November 29 by F. Borngen at
Tautenburg. Our photometric observations of 4382 Stravinsky were
made from 2025 September 23 to 2025 December 31. Photometry
and period determination were carried out with TychoTracker Pro
Version 12.6.1. (T7). The photometric analysis was performed
using standard differential techniques on images with the
comparison stars employed selected by 77 to be within the colour
range of +0.50 < (B-V) <+0.90.

The Asteroid Terrestrial-impact Last Alert System (ATLAS)
catalog (Tonry et al., 2015; Kostov and Bonev, 2017) was used as
the source of reference stars. 77”s period determination operates by
finding model lightcurves based on a user-defined number of
Fourier components which best fit the asteroid photometric data.
The program lists the candidate periods found within a user-defined
period range and sampling frequency, based on minimizing Root
Mean Square Errors (RMSE), between the modelled and
photometric magnitudes. The candidate periods are listed in
increasing RMSE value and the entire suite of RMSE values is
plotted as a “periodogram” for quality control. In these
periodograms the object yielded a clear ‘best-fit’ period solution
having well defined minima as shown in the following figures.
Periodograms often exhibit several possible candidate periods, in
which case an examination of the rotational phase plot for each of
these is then conducted looking for a credible lightcurve. Where the
object shape is the dominant factor in producing the observed

magnitude changes, (typically having lightcurve amplitudes of >0.2
mag), the rotational phase plot often has two peaks and two troughs
(bimodal) and this is usually chosen as the most likely for such
asteroids.

In this paper no attempt is made to find an absolute magnitude and
a value of G = 0.15 has been used throughout the calculations.
Time-series magnitude estimates from different nights and
observing locations using a variety of imaging equipment were
offset in magnitude to bring them into alignment when producing
the raw and rotational-phase plots. The same offset was used for
each instance of an individual imaging setup. When this paper is
accepted for publication all the observations will be loaded into the
Asteroid Lightcurve Data Exchange Format (ALCDEF) database.

The lightcurve period and amplitude results reported here are based
on a total of 795 exposures obtained during 2025 September to
December. Our analysis found a synodic rotation period of
12.20 £ 0.01 h and peak-to-peak amplitude of 0.1339 £ 0.0309 mag.
These results are summarized in Table 1 below. Column 3 gives the
span of dates over which the observations were made. Column 4 is
the range of phase angles for each date range, if this is preceded by
an asterisk this means the asteroid passed through minimum phase
angle during the observing period. Columns 5 and 6 give the range
of values for the Phase Angle Bisector (PAB) longitude and latitude
respectively, for the mid date of the observation set. Column 7 gives
the period and Column 8 the minimum possible formal error in
hours given by TT. Columns 9 and 10 give the amplitude and its
associated uncertainty in magnitude. Dips in the results from the
period analysis have been checked to see if they are monomodal or
bimodal and a bimodal period has been chosen for the best-fit result.
Information given for the object is taken from the NASA Jet
Propulsion Laboratory (JPL) Small-Body Database Lookup
webpage (2023).
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Number Name yyyy mm/dd Phase

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

LPAB BPAB

4382 Stravinsky 2025 09/23-12/31

*6.1,23.6

44 =7 12.20 0.01 0.134 0.03 9104

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 a minimum 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).

Observatory Telescope (m) Camera Filter Object (sessions)
Old Orchard Observatory 0.35 176.7 SX 694 Trius Pro (2x2) SR 4382 (9)
(209), Hawley

University of Utah 0.35 /5.5 SBIG ST-10XME (3x3) C 4382 (11)
(718), Wiggins

Tree Gate Farm Observatory 0.28 /1.9 ASI 2600 MM (2x2) C 4382 (1)
(WO05), Gout

Calne Observatory 0.35115.5 SX 684 (2x2) C 4382 (1)

(247), Scott

Whiskey Creek Observatory 0.35 f/4.2 QHY 268 M (2x2) C 4382 (6)
(V19), DeGroff

Medina Dome Observatory 0.3 178 ASI 6200 MM C 4382 (4)
(V58), Hopkins

Table Il. List of observers and equipment. The number in parentheses in the last column is the number of sessions for the given object.
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Photometric observations of asteroid 1354 Botha were
obtained during 2025 Sep-Nov. Photometric observations
of asteroid 6514 Torahiko were obtained during 2025
Nov-Dec.

Photometry and period determination were carried out with
TychoTracker Pro Version 12.6.1. (TT). The photometric analysis
was performed using standard differential techniques on images
with the comparison stars employed selected by TT to be within the
colour range of +0.50 < (B-V) <+0.90.

The Asteroid Terrestrial-impact Last Alert System (ATLAS)
catalog (Tonry et al., 2018; Kostov and Bonev, 2017) was used as
the source of reference stars. 77”s period determination operates by
finding model lightcurves based on a user-defined number of
Fourier components which best fit the asteroid photometric data.
The program lists the candidate periods found within a user-defined
period range and sampling frequency, based on minimizing Root
Mean Square Errors (RMSE), between the modelled and
photometric magnitudes. The candidate periods are listed in
increasing RMSE value and the entire series of RMSE values is
plotted as a “periodogram” for quality control. In these
periodograms the object yielded a clear ‘best-fit’ period solution

with well-defined minima as shown in the following figures.
Periodograms often exhibit several possible candidate periods, in
which case an examination of the rotational phase plot for each of
these is conducted to look for a credible lightcurve. Where the
object shape is the dominant factor in producing the observed
magnitude changes, (typically having lightcurve amplitudes of >0.2
mag), the rotational phase plot often has two peaks and two troughs
(bimodal), and this is usually chosen as the most likely for such
asteroids.

In this paper, no attempt is made to find an absolute magnitude, and
a value of G = 0.15 has been used throughout the calculations.
Time-series magnitude estimates from different nights and
observing locations, using a variety of imaging equipment, were
offset in magnitude to bring them into alignment when producing
the raw and rotational-phase plots. The same offset was used for
each instance of an individual imaging setup. When this paper is
accepted for publication all the observations will be loaded into the
Asteroid Lightcurve Data Exchange Format (ALCDEF) database.

The results are summarized in Table 1 below. Column 3 gives the
span of dates over which the observations were made. Column 4 is
the range of phase angles for each date range; if this is preceded by
an asterisk, it means the asteroid passed through minimum phase
angle during the observing period. Columns 5 and 6 give the range
of values for the Phase Angle Bisector (PAB) longitude and latitude
respectively, for the mid date of the observation set. Column 7 gives
the period, and Column 8 the minimum possible formal error in
hours, as given by TT. Columns 9 and 10 give the amplitude and its
associated uncertainty. Dips in the results from the period analysis
have been checked to see if they are monomodal or bimodal, and a
bimodal period has been chosen for the best-fit result. Information
given for the object is taken from the NASA Jet Propulsion
Laboratory (JPL) Small-Body Database Lookup webpage (2023).

1354 Botha is an outer main-belt asteroid that was discovered on
1935 April 03 by C. Jackson at Johannesburg (UO). The lightcurve
period and amplitude results reported here are based on a total of
638 exposures obtained during 2025 Sep-Nov. Our analysis found
a synodic rotation period of 8.375 + 0.005 h and peak-to-peak
amplitude of 0.249 + 0.0387 mag. This period agrees with earlier
results reported in the Lightcurve Database (LCDB) from Wiles
(2023) and Fornas et al. (2024). There is also an earlier result in the
LCDB, Behrend (2003web) of 4h.
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Number Name yyyy mm/dd Phase Lpas Bpas Period (h) P.E. Amp AE. Grp
1354 Botha 2025 09/22-11/20 *1.3,16.4 5 -1 8.375 0.005 0.249 0.04 9106
6514 Torahiko 2025 11/25-12/11 4.4,12.3 58 -3 8.729 0.004 0.176 0.02 9105

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 a minimum 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 Telescope (m) Camera Filter Object (sessions)
0Old Orchard Observatory 0.35 1/6.7 SX694 Trius Pro (2x2) SR 1354 (8) 6514 (4)
(209), Hawley

Pelagia-Eleni Observatory 0.35 178 ASI 183 MM Pro (1x1) L 1354 (1)

(247), Kardasis

Tree Gate Farm Observatory 0.28 /1.9 ASI 2600 MM Pro (1x1) C 1354 (4) 6514 (1)
(Q59), Armstrong

Whiskey Creek Observatory 0.457m Newt /4.2 QHY 268M (2x2) C 1354 (3)

(V19), DeGroff

Calne Observatory 0.28 /8 SCT SX-H674 (2x2) L 1354 (1)

(247), Scott

Al Khatim Observatory 0.36 117.7 ASI 2600 MM Pro (2x2) SR 1354 (2)

(M44), Odeh, Guessoum, Shah

Astropriorat Observatory 0.41 f/3 QHY 600 CMOS (1x1) SR 1354 (2) 6514 (1)
(M02), Genebriera

Table Il. List of observers and equipment. The number in parentheses in the last column is the number of sessions for the given object.
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During 2025 June through October, photometric
observations of several main-belt asteroids were obtained
primarily with the 0.40m f/10 Meade ACF telescope,
SBIG ST10-XME and Moravian G4-9000 CCD camera
(clear filter) at Civico Osservatorio Astronomico di
Rozzano (D66). Typical exposures were 90-120-180s,
guided, and calibrated with dark and flat frames. Tycho
Tracker was used for image alignment and calibration;
MPO Canopus performed differential photometry and
Fourier period analysis.

2684 Douglas. The only previously published lightcurve analysis is
that of Benitez et al. (2021), who derived a synodic rotation period
0f4.007 £0.001 h and a peak-to-peak amplitude of 0.62 mag. Their
phased lightcurve exhibited considerable scatter in one of the
minima, with some points lying more than 0.10 mag below the
mean Fourier curve, prompting the authors to suggest possible
binarity.

Our observations, obtained over an interval of more than three
months, yield a well-constrained synodic period of 4.084 £ 0.001 h
and an amplitude of 0.51 + 0.07 mag (sixth-order Fourier model).
The ~2 % difference in period is typical of the small systematic
shifts expected when the asteroid is observed at significantly
different sub-Earth latitudes between apparitions. The lower
amplitude is fully consistent with the smaller range of phase angles
covered in the present work compared to Benitez et al. (2021).

The lightcurve confirms the pronounced asymmetry reported
earlier: one minimum remains systematically deeper and shows
deviations reaching ~0.10 mag from the best-fit Fourier curve,
while the opposite minimum is smooth and well behaved. To test
the binary hypothesis, the data were searched for a secondary period
using MPO Canopus. No statistically significant secondary
periodicity was found in the 1-30 h range. Attempts to subtract
tentative secondary periods in the 10-20 h interval slightly reduced
the scatter in the primary minimum, but the resulting secondary
lightcurve was essentially featureless and the corresponding peak in
the period spectrum did not meet the usual significance criteria. We
therefore conclude that the observed asymmetry is most likely
produced by concave surface features, albedo variegation, or shape
irregularities rather than the presence of a satellite.
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3159 Prokof’ev. Previous lightcurve results for this asteroid are
limited and inconsistent. Moravec et al. (2013) obtained a period of
3.89 £ 0.05 h with an amplitude of 0.42 mag from relatively dense
photometry. Waszczak et al. (2015), using sparse data from the
Palomar Transient Factory survey, derived a period of 3.886 +
0.001 h and amplitude of 0.08 mag.

Our data set includes three sessions (2025 Oct 10, 11, and 13)
contributed by N. Montecchiari from a private remote observatory
in Tuscany (MPC code M27, 0.25-m RC telescope, QSIS83wsg
CCD camera, dark-sky site). These data, reduced with the author’s
Variabilia software, were combined with the observations from
Rozzano and analyzed jointly in MPO Canopus.

The resulting best-fit synodic period is 4.201 + 0.001 h (fourth-
order Fourier model, RMS = 0.029 mag). When the period is
constrained to values near 3.887 h, the RMS rises to 0.031 mag and
the minimum in the period spectrum becomes noticeably shallower.
The fitted peak-to-peak amplitude is 0.05 + 0.03 mag. Given that
the RMS scatter of the individual sessions is 0.022-0.032 mag and
the overall fit RMS is 0.029 mag, an amplitude of this magnitude is
only marginally above the noise level and must be considered
uncertain. The low value is nevertheless consistent with the
observations and indicates either a near pole-on aspect during the
apparition or an intrinsically small equatorial ellipticity (or both).
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1586 Thiele. Previously reported lightcurve results for this asteroid
are available through the literature and the ALCDEF archive, but
they show some dispersion in both the derived rotation period and
amplitude. Behrend (2003web) reported a period of 3.12 + 0.5 h
with a peak-to-peak amplitude of 0.30 + 0.06 mag, later refined by
Behrend (2004web) to 3.12 + 0.10 h and an amplitude of
0.38 + 0.02 mag. Childers and Church (2007), using high-speed
photometry, derived a period of 3.086 + 0.038 h and a significantly
smaller amplitude of 0.14 + 0.01 mag; however, their published
lightcurve exhibits substantial scatter.

Our observations consist of a single session obtained under
excellent and stable meteorological conditions, with very steady
seeing throughout the run. Images were acquired using a Moravian
G4-9000 CCD camera with 90-s exposures and a clear filter. To
check for possible systematic effects, the data set was divided into
two subsets corresponding to observations obtained before and after
the meridian flip; these subsets were reduced and analyzed
independently and were found to be fully consistent. The combined
data were then used for the final period analysis in MPO Canopus.

The resulting best-fit synodic rotation period is 3.304 £ 0.005 h,
derived using a tenth-order Fourier model, which provides the
minimum RMS residual of 0.014 mag. The corresponding peak-to-
peak amplitude is 0.38 mag. The scatter of the data is very small,
and individual points closely follow the Fourier curve, with no
systematic deviations evident in either half of the observing session.

Number Name yyyy mm/dd Phase Lpas Bpas Period(h) P.E. Amp A.E. Grp
2684 Douglas 2025 06/24-07/31 9.9,18.3 252 12 4.084 0.001 0.51 0.07 MBA
3159 Prokof’ev 2025 09/29-10/27 13.4,20.2 343 14 4.201 0.001 0.05 0.03 MBA
1586 Thiele 2025 12/29-12/30 8.0 112 -2 3.304 0.005 0.38 0.01 MBA
1912 Anubis 2026 01/04-01/07 11.5,12.5 76 0.4 4.630 0.002 0.35 0.04 MBA

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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The data were also phased to the periods reported by Behrend
(2004web) and by Childers and Church (2007), but these solutions
produced noticeably inferior fits. The amplitude derived in the
present work is consistent with the maximum values reported by
Behrend (2004web), while the longer period differs significantly
from the ~3.1 h solutions previously published. The much lower
amplitude reported by Childers and Church (2007) is not supported
by our observations and is likely influenced by the larger scatter
present in their data. Despite being based on a single night, the low
RMS and internal consistency of the data indicate that the derived
period and amplitude provide a reliable characterization of the
lightcurve of 1586 Thiele during the present apparition.
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1912 Anubis. Previously published lightcurve information for this
asteroid is limited to sparse-photometry results from the Palomar
Transient Factory survey, reported by Waszczak et al. (2015). Two
data sets are available from that study. The first, obtained on 2010
Oct 27, yielded a rotation period of 4.626 + 0.001 h with a reported
maximum amplitude of 0.47 mag. A second solution, based on data
from 2012 Jan 26, gave a period of 4.628 + 0.001 h and a
significantly smaller amplitude of 0.18 mag. The difference in
amplitude between the two determinations likely reflects the sparse
nature of the data and/or different observing geometries.

Our observations were obtained over three observing nights during
the same apparition and provided sufficient coverage to derive a
well-defined lightcurve. Images were acquired using a CCD camera
with 90-s exposures and a clear filter. The data were calibrated and
aligned with Tycho Tracker and analyzed using MPO Canopus.

The resulting best-fit synodic rotation period is 4.630 = 0.002 h,
with a peak-to-peak amplitude of 0.35 + 0.04 mag. The phased
lightcurve is well behaved, with low scatter and a stable solution
across the three nights, indicating that the derived period is robust.
Our period is in agreement with the values reported by Waszczak
et al. (2015), while the intermediate amplitude is consistent with
expectations for different viewing aspects and phase-angle
coverage. The present results therefore provide a refined lightcurve
solution for 1912 Anubis based on dense photometric observations.
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Photometric observations of Eunomia family member
6422 Akagi and Mars-crossing asteroid 7723 Lugger
were obtained to verify their synodic rotation periods. We
found: 6422 Akagi P =7.795+0.001 h with A =0.92+0.05
mag; 7723 Lugger P=4.835+0.001 h with A =0.36 £0.02
mag.

Photometric observations of asteroids 6422 Akagi and 7723 Lugger
were obtained with the 0.6-m telescope of the Southeastern
Association for Research in Astronomy (SARA) consortium at
Cerro Tololo Inter-American Observatory. The telescope is coupled
with an Andor iKon-L series CCD, and a SDSS R filter was used
for all images. A detailed description of the instrumentation and
setup can be found in Keel et al. (2017). Images were calibrated
with dark and flat frames and converted to standard magnitudes
using solar colored field stars from the ATLAS All-Sky Stellar
Reference Catalogue, distributed with MPO Canopus (Warner,
2025). All new data for these asteroids can be found in the Asteroid
Lightcurve Data Exchange Format (ALCDEF) database.

6422 Akagi is a member of the Eunomia family (Nesvorny et al.,
2015). The asteroid was observed on three nights over a period of
four weeks with 258 total observations. The lightcurve database
(LCDB, Warner et al., 2009) lists a period of 7.74 h based on
(Chang et al., 2016). Two later papers by Durech et al. (2016,
7.74756 h) and Pal et al. (2020, 7.75104 h), refine this value. This
current work derived a rotational period of 7.795 + 0.001 h with an
amplitude of 0.92 mag (Figure la) in fair agreement with the
previously published results. Despite the relatively dense lightcurve
the result is somewhat ambiguous. We also display our data fit to
the period derived by Durech et al. (2016), which at first glance
provides a better fit to the data (Figure 1b). However, it should be
pointed out that the two datasets from 2025 July 25 and 2025 July
26 are at a phase angle close to zero, whereas the data from 2025
June 26 was taken at a larger phase angle of 13.5 degrees (Table I).
It is therefore understandable that the latter data show a larger
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brightness variation, however it is difficult to explain why the
partially illuminated dataset is overall significantly brighter than the
almost fully illuminated one. We therefore prefer the derived period
0f 7.795 + 0.001 h and are looking forward to the next apparition to
further investigate the discrepancy in reported periods.
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Figure 1. Rotational lightcurve of 6422 Akagi. (a) Derived 7.795 h
period from this work. (b) Our photometric data fit to the 7.747 h
period derived by by Durech et al. (2016).

7723 Lugger. This Mars-crossing asteroid was observed on four
nights over a roughly four-week time span with 152 total
observations. The derived rotational period of 4.835 + 0.001 h with
an amplitude of 0.36 mag in excellent agreement with the prior
measured rotation period by McNeill et al. (2019, 4.831 h) and Pal
et al. (2020, 4.83445 h); both based on Transiting Exoplanet Survey
Satellite (TESS) data.

Number Name yyyy mm/dd Phase Lpag  Bpas Period(h) P.E. Amp A.E. Grp
6422 Akagi 2025 06/29-07/26 13.5, 0.9 302.0 2.9 7.795 0.001 0.92 0.05 EUN
7723 Lugger 2025 09/16-10/09 14.3,26.1 340.7 -8.7 4.835 0.001 0.36 0.02 MC

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. Lpas 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): MC: Mars-Crosser, EUN = Eunomia.
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This paper describes the discovery and presents the
results of photometric and spectroscopic studies of the
Apollo Near-Earth asteroid 2024 QS from 2024
September 3 to 8 using the telescopes of three
observatories. 2024 QS appears most likely to be
classified within the C-complex or X-complex, and the
rotation period was determined to be 5.58 hours with an
amplitude of 0.5 mag.

On 2024 August 26, while conducting a search for asteroids near
the ecliptic and close to the opposition region of the sky, the first
author found (by viewing the images) a Near-Earth asteroid (NEA)
candidate in the eight images with 300 seconds exposures using a
Luminance filter; the images were acquired remotely between
13:42:01 and 14:29:44 UT with the telescope TS9 (0.51-m f/6.8
reflector + CCD with field of view of 36.8 x 36.8 arcmin) of
iTelescope.Net located at the Siding Spring Observatory (MPC
code Q62), Australia.

After the candidate object was posted on the Near-Earth Object
Confirmation Page (NEOCP) of the Minor Planet Center under the
temporary designation RFDO0073, it was observed on 2024-08-
27.143727 UT using the remote telescope T73 (0.356-m f/7.2
reflector + CMOS) of iTelescope.Net in Rio Hurtado, Chile (MPC
code XO07). After receiving follow-up observations from other
observatories, this asteroid received the provisional designation
2024 QS, as announced on 2024 August 28 in the Minor Planet
Electronic Circular (MPEC) 2024-Q53 (Romanov et al., 2024).
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This NEA belongs to the Apollo group. It has an absolute
magnitude of 24.6 and an orbital period of = 1.79 years. The object
passed at a minimum distance of approximately 12 lunar distances
from Earth on 2024 September 9, at 00:39 UT. The last observation
was on 2025-02-21.5 UT at the Canada-France-Hawaii Telescope
(3.6-m f/4.1 reflector + CCD; MPC code T14).

Spectroscopy

A spectrum of 2024 QS was obtained with the Copernico telescope
(1.82-m {/9 reflector) at the Asiago Observatory, Cima Ekar
Observing Station (MPC code 098), Italy. The exposure time was
1200 seconds, and the observation was carried out on 2024
September 3 at 23:45:57.2 UT. At the time of the observation, the
predicted magnitude was 19.1 and the phase angle was 29.7°. The
Asiago Faint Object Spectrograph and Camera (AFOSC) was used
with a 1.69-arcsec slit and the Volume Phase Holographic Grism
VPH #6 (dispersion ~ 3.5 A/px, spectral resolution R = 500 over the
450-1000 nm wavelength range).

The spectrum was reduced using standard procedures in the /mage
Reduction and Analysis Facility (IRAF) package (Tody, 1986),
including bias subtraction, flat-field correction, background
removal, and wavelength calibration with an HgCd lamp. The
asteroid spectrum was then divided by the solar analogue Landolt
112-1333, observed under the same instrumental conditions. The
spectrum was normalized at 5500 A using a linear-regression
method.

The resulting spectrum was compared with the taxonomic templates
of DeMeo et al. (2009). Due to the low signal-to-noise ratio, it is
difficult to assign a taxonomic complex with confidence. Flat
spectral-types, such as C- or X-complex are preferred, although an
S-complex cannot be ruled out. Figure 1 shows the spectrum (in
blue) together with four taxonomic curves: S, X, C and B.

Relative Flux

©2024 QS w==Taxonomy - S we=Taxonomy - X we=Taxonomy - C

Taxonomy - B

0.0

5000 6000 7000 8000 9000
Wavelength (A)

Figure 1: Spectrum of 2024 QS.
Photometry

Images of the asteroid were taken over three consecutive nights
using two telescopes located in Africa in the northern and southern
hemispheres, which was possible due to the location of 2024 QS
near the celestial equator.

Images from the South African Astronomical Observatory were
taken using Lesedi telescope (MPC code M28): 1.0-m {/8 reflector
+ CCD, with unfiltered exposures of 15 seconds, on 2024 Sep 5/6
from 23:01:27 to 00:03:22 UT and on 2024 Sep 7/8 from 23:10:03
to 01:13:45 UT.
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Images from the Kottamia Astronomical Observatory (MPC code
088) in Egypt were taken using the 1.88-m /4.9 reflector + CCD,
with unfiltered exposures of 15 seconds. There were some issues
with the guiding (software problem), therefore the asteroid was not
present in all images, part of the images obtained on 2024 Sep 6/7
from 22:49 to 00:29 UT were used for the analysis.

The first author extracted photometry from the images using Tycho
Tracker Pro v12.6 software (Parrott, 2020) and analyzed the data.
Photometry was done in comparison with the Sloan r’ magnitudes
of nearby stars (with color indices B-V from 0.4 to 0.9) from the
ATLAS star catalog (Tonry et al., 2018) and an offset of 0.15 mag
was applied for Kottamia data. Light-time and H-G corrections
were applied, received period spectrum plot (4th order analysis)
shows several periods including around 4.5 h., 5.6 h. and 7.4 h., the
periodogram is shown in the Figure 2. Similar periods with a
difference + 0.1 hours were found by analyzing the photometry
made by comparison with magnitudes of stars from other bands and
when applied different fit orders, and a period of 5.581 + 0.004
hours with an amplitude of 0.522 + 0.125 mag was chosen as the
best solution, the phased lightcurve is shown in the Figure 3.
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Figure 2: Periodogram search between 0 hours and 15 hours.
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Figure 3: Phased lightcurve for 2024 QS.

According to the rotation period vs. size distribution in the Asteroid
Lightcurve Database (LCDB) (Warner et al., 2009), the determined
rotation period P = 5.58 hours is longer than most other asteroids of
similar size.
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Table I. Observing circumstances and results. The phase angle is given for the first and last dates. Lpag and Beag are the approximate phase
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LIGHTCURVE AND ROTATION PERIOD OF 2025 FA22
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Photometric observations of the potentially hazardous
asteroid 2025 FA22 were obtained on six nights during
its close approach in September 2025. Analysis of
R-band lightcurves yields a synodic rotation period of
13.075 + 0.002 h with a peak-to-peak amplitude of 0.62
mag, implying a significantly elongated shape with a
minimum equatorial axis ratio of a/b 2 1.77. Rotation-
corrected BVRI photometry indicates moderately red
colors consistent with an S-complex taxonomic
classification.

CCD photometry measurements of asteroid 2025 FA22 were
obtained remotely at the MonitorMyPlanet Observatory (MPC code
R60) in Nerpio, Spain. Observations were conducted using a 0.305-
m (12-inch) Ritchey-Chrétien telescope operated at an effective
focal ratio of f/6 using a 0.75% focal reducer, mounted on a Sky-
Watcher EQ8-R equatorial mount and equipped with an ASI2600
monochrome camera and a filter wheel containing Johnson-Cousins
U, B, V, R, I filters. Images were binned 2x2, providing a pixel
scale of 0.848 arcsec pixel!. Observations were obtained on six
nights between 2025 September 19 and 26 (UT), spanning solar
phase angles from approximately 60° to 25°.

Standard bias, dark, and flat-field corrections were applied to all
images prior to photometric extraction. Differential photometry was
performed using ensemble comparison stars within each field.
Image reduction and photometric calibration were carried out using
Tycho Tracker software, with reference magnitudes drawn from the
ATLAS star catalog in the red band.

Time-series observations were obtained primarily in the R band,
with exposure times adjusted to accommodate the rapidly changing
apparent motion during the close approach. Period analysis of the
combined R-band dataset was performed using a fourth-order
Fourier series fit. The resulting periodogram (Figure 1) exhibits a
well-defined minimum corresponding to a synodic rotation period
0f 13.075 £ 0.002 h.

The composite phased lightcurve, combining all six nights of data
(Figure 2), displays a stable, double-peaked morphology with a
peak-to-peak amplitude of 0.62 mag, consistent with principal-axis
rotation. Amplitude Error (A.E.) was estimated as 0.06 mag from
V2 times the RMS residual scatter of the lightcurve. Assuming a
triaxial ellipsoid viewed near the equatorial plane and negligible
albedo variegation, the observed amplitude implies a minimum
equatorial axis ratio of a/b = 1.77.

Multi-filter BVRI observations were obtained on 2025 September
22 (UT). Rotational effects were corrected by interpolating R-band
magnitudes to the rotational phases corresponding to the B, V, and
I measurements. Weighted mean color indices were derived, with
uncertainties propagated in quadrature.
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The resulting rotation-corrected colors are B-R = 1.22 + 0.02, V-R
=0.45 £0.02, and R-I = 0.36 = 0.04, leading to derived colors of
B-V =0.77 £ 0.03 and V-I = 0.81 + 0.05. Compared with solar
colors, the asteroid is consistently redder across all indices. When
interpreted within the broadband photometric taxonomy framework
of Lin et al. (2018), these colors place 2025 FA22 within the S-
complex, overlapping the S-Q region.
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Figure 1. Periodogram (6-25 h) computed with a 4th-order Fourier fit
showing the preferred solution at 13.075 h.

Phased Plot: 2025 FA22
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Figure 2. Lightcurve of 2025 FA22 combining all six nights (2025 Sept
19-26) phased to a period of 13.075 hours.
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Number Name

yyyy mm/dd Phase

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

LPAB BPAB

2025 FA22 2025 09/19-09/26 60.2,

25.0 12.110.3

13.075 0.002 0.62 0.06 PHA

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 (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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Photometric observations of three asteroids were made in
order to acquire lightcurves for shape/spin axis modeling.
Lightcurves were acquired for 1346 Gotha, 1551
Argelander, and 4807 Noboru.

Collaborative asteroid photometry was done inside the Italian
Amateur Astronomers Union (UAI, 2025) 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/CMOS photometric observations were made in 2025
October-December using the instrumentation described in Table II.
Lightcurve analysis was done by Papini and lozzi (UAI group,
2025) with MPO Canopus (Warner, 2023). All the images were
calibrated with dark and flat frames and converted to standard
magnitudes using solar-colored field stars from CMCI15 and
ATLAS catalogues, distributed with MPO Canopus. For brevity,
“LCDB?” is a reference to the asteroid lightcurve database (Warner
et al., 2009).

1346 Gotha is a middle main-belt asteroid historically classified as
a S-type. Collaborative observations were made over three nights.
We found a bimodal solution with a synodic period of
P =2.640 = 0.001 h and an amplitude 4 = 0.14 £+ 0.02 mag. The
period is close to the previously published results in the LCDB.

The reflectance spectrum for 1346 Gotha, extracted from Gaia ESA
Archive (2025), is close to a S-type when compared with the Bus-
DeMeo taxonomy (DeMeo et al., 2009) and also agrees with the
taxonomic attribution by Franco (2025). The B-V = 0.84 value
listed in the JPL Small-Body Database is also consistent with the
reference index for S-types (Shevchenko and Lupishko, 1998;
B-V =0.86 + 0.04).
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1551 Argelander is an inner main-belt asteroid historically
classified as a S-type. Collaborative observations were made over
nine nights. We found a bimodal solution with a synodic period of
P =4.059 £0.001 h and an amplitude 4 = 0.42 + 0.08 mag. The
period is close to the previously published results in the LCDB.

The reflectance spectrum for 1551 Argelander, extracted from Gaia
ESA Archive (2025), is close to a S-type when compared with the
Bus-DeMeo taxonomy (DeMeo et al., 2009) and also agrees with
the taxonomic attribution by Franco (2025). Multiband photometry
was acquired by G. Casalnuovo (D12) on 2025 November 12,
A. Valvasori (G18) on 2025 November 28, by G. Ferrini and
M. Iozzi (K83) on 2025 December 5 and by M. lozzi (L63) on 2025
December 27. From these observations, we found a mean color
index V-R = 0.47 + 0.04 mag, which is consistent with a S-Type
asteroid (Shevchenko and Lupishko, 1998; 0.49 £ 0.05).
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4807 Noboru is an inner main-belt asteroid historically classified as
a S-type. Collaborative observations were made over five nights.
We found a bimodal solution with a synodic period of
P =4.042 £ 0.001 h and an amplitude 4 = 0.17 £+ 0.02 mag. The
period is close to the previously published results in the LCDB.

The reflectance spectrum for 4807 Noboru, extracted from Gaia
ESA Archive (2025), is close to a S-type when compared with the
Bus-DeMeo taxonomy (DeMeo et al., 2009) and also agrees with
the taxonomic attribution by Franco (2025). Multiband photometry
was acquired by G. Casalnuovo (D12) on 2025 November 26 and
P. Bacci and M. Maestripieri (104) on 2025 November 29, from
which we found a color index V-R = 0.45 + 0.03 mag, which is
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close to a S-Type asteroid (Shevchenko and Lupishko, 1998;
0.49 £0.05).
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Number Name 2025 mm/dd Phase Lpag Bpas Period(h) P.E. Amp A.E. Grp
1346  Gotha 11/05-11/08 15.2-16.3 17 -12 2.640 0.001 0.14 0.02 MB-M
1551 Argelander 11/03-12/27 *6.0-18.8 52 -4 4.059 0.001 0.42 0.08 MB-I
4807  Noboru 11/04-11/29 *10.6-5.6 59 1 4.042 0.001 0.17 0.02 MB-I

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).

. Observed Asteroids
Observatory (MPC code) Telescope CCD/CMOS Filters .
(#Sessions)
GAMP (104) 0.60-m NRT £/4.0 Apogee Alta C, V, Rc 4807 (5)
Osservatorio Astronomico )
Nastro Verde (C82) 0.35-m SCT £/6.3 SBIG ST10XME (bin 2x2) C 1346(2), 4807 (1)
F(;iz)l School Observatory 0.35-m NRT £/8.0 QHY9 (bin 4x4) C, V, Rc | 4807(2), 1551 (1)
Beato Ermanno Astronomical
Observatory (L73) 0.31-m SCT F/6.0 QHY174M (bin 2x2) Rc 1551 (3)
GiaGa Observatory (203) 0.36-m SCT f/5.8 Moravian G2-3200 C, Rc 1551 (2)
‘igzg)Parallel Observatory | , s.m RCT £/5.6 IMX533 c 1551 (2)
ALMO Observatory (G18) 0.30-m NRT £/4.0 ZWO ASI533MM PRO V, Rc 1551 (1)
Astronomical Observatory, B B .
University of Siena (K54) 0.30-m MCT £/5.6 |SBIG STL-6303e (bin 2x2) C 1346 (1)
. _ Player One 455M Pro

Iota Scorpii (K78) 0.40-m RCT f/6.1 (bin 4x4) Rc 4807 (1)
GRAM - Osservatorio
Astronomico Beppe Forti 0.25-m SCT £/6.3 ATIK 383L+ (bin 2x2) V, Rc 1551 (1)
(K83)
HOB Astronomical :
Observatory (L63) 0.20-m SCT £/6.0 ATIK 383L+ (bin 2x2) V,Rc 1551 (1)

Table Il. Observing Instrumentations. NRT: Newtonian Reflector, MCT: Maksutov-Cassegrain, RCT: Ritchey-Chretien, SCT: Schmidt-
Cassegrain.
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Lightcurves and synodic rotation periods for 21 asteroids
obtained from photometric data collected at the Sopot
Astronomical Observatory in the time span 2025 June-
December. For a large portion of the asteroids included,
synodic rotation periods were derived for the first time.

Photometric observations of 21 asteroids were conducted at Sopot
Astronomical Observatory (SAO) from 2025 June through
December in order to determine the asteroids’ synodic rotation
periods. For this purpose, two 0.35-m f/6.3 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, 2025) Sloan r' magnitudes using the formula
(R =1"-0.22) as well as G-band data from the Gaia DR3 catalog
converted to Johnson-Cousins V magnitudes using a third-degree
transformation polynomial from the Gaia DR3 catalog
documentation available online. The polynomial includes stellar
color indices Gup-Gip, i.e., the difference in magnitudes in the blue
and red Gaia passbands:

G-V =-0.02704 + 0.01424(Gop — Grp)
—0.2156(Gbp — Grp)? + 0.01426(Gop — Grp)?

The asteroid Johnsons-Cousins V magnitudes measured using the
converted comparison star magnitudes were subjected to magnitude
corrections to compensate for the change in viewing geometry and
solar phase angle, as described in detail in section 15.1.3 of the
reference Warner (2016).

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.
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Lightcurve construction and period analysis was performed using
Perfindia custom-made software developed in the R statistical
programming language (R Core Team, 2025) 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. A description of the method
implemented in the Perfindia algorithm is given in the reference
Benishek (2025).

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, 2012a) and represented by the following formula:

002 - T
AP = 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. Table I gives the observing
circumstances and results.

2411 Zellner. Photometric data obtained on two consecutive nights
in 2025 September at SAO indicate a bimodal solution for a rotation
period of P = 2.975 + 0.007 h, which is in good agreement with
previously determined period results listed in the Asteroid
Lightcurve Database records (LCDB; Warner et al., 2009): 2.975 h
(Marchini et al.,, 2017), 3.00 h (Pravec, 2017web), 3.040 h
(Benishek, 2018), and a sidereal one 0of 2.976477 h found by Durech
et al. (2020).
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3149 Okudzhava. Period analysis conducted over the extensive
combined dataset obtained on eight nights in 2025 September-
October led to a bimodal solution for period of P =2.6619 + 0.0002
h as the statistically most favorable one.

3149 Okudzhava
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3918 Brel. This long-term program target of the Photometric Survey
for Asynchronous Binary Asteroids was observed at SAO 2025 in
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July-August over two nights, from which a rotation period of

= 3.0972 + 0.0004 h was derived. This result is in excellent
agreement with all previously found values listed in the LCDB,
ranging from 3.0966 to 3.0980 hours. As was the case with
observations by other authors within this Survey during some
previous apparitions in 2005 and 2007, no deviations in the
rotational light curve were seen in the newly obtained data from
these two nights. However, data obtained by Marc Deldem of Les
Barres Observatory in France in late 2025 August indicated the
existence of deviations in the rotational light curve, which were
later confirmed by Dr. Petr Pravec to originate from the existence
of a satellite (Deldem et al., 2025). As part of the Survey campaign,
the SAO also contributed to the confirmation of this discovery with
observations in 2025 October. From these more recent
observations, conducted in a different viewing geometry compared
to the initially obtained data set from July-August, a period of
P> =3.0970 £ 0.0004 h was found.

3918 Brel
Period: 3.0972 +/-0.0004 h JDo (LTC): 2460869.46042
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3918 Brel
Period: 3.0970 +/- 0.0004 h JDo (LTC): 2460957.31024
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4217 Engelhardt. Period found from observations carried out in
early 2025 November over three nights is highly consistent with
previously reported results by Warner (2005a, 3.066 h; 2012b,
3.0661 h) and by Behrend (2018web, 3.06592 h).

4217 Engelhardt
Period: 3.066 +/-0.003 h JDo (LTC): 2460985.28537
Amp: 0.17 mag. Fourier Order: 11
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4391 Baldois. A trimodal period solution of P =3.7199 £+ 0.0006 h,
derived as the statistically most favorable one from data acquired
over three nights in 2025 August - September somewhat deviates
from the only previous result by Carbognani (2011, 3.448 h).

4391 Balodis
Period: 3.7199 +/- 0.0006 h JDo (LTC): 2460913.49695
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4875 Ingalls. Dense combined data obtained in 2025 June-July
resulted in a bimodal lightcurve phased to a period of P = 3.777 +
0.002 h, which is highly consistent with two previously reported
results: 3.78 h (Garceran et al.,, 2016) and 3.7783 h (Benishek,
2020).

4875 Ingalls
Period: 3.777 +/-0.002 h JDo (LTC): 2460849.31684
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5498 Gustafsson. Prior to this determination, there were no known
results for the rotational period of this asteroid. Data from two
consecutive nights in 2025 September unambiguously yielded a
bimodal period of P = 5.12 + 0.02 h, densely covering the entire
rotational cycle.

5498 Gustafsson
Period: 5.12 +/-0.02 h JDo (LTC): 2460936.39589
Amp: 0.19 mag. Fourier Order: 10
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5705 Ericsterken. No previous rotation period determination
information was found in the LCDB for this asteroid either. Dense
photometric dataset from three consecutive nights in early 2025
November indicates a bimodal period of P=3.713 £0.007 h.
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5705 Ericsterken
Period: 3.713 +/-0.007 h JDo (LTC): 2460980.50454
Amp: 0.25 mag. Fourier Order: 11
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6441 Milenajesenska
Period: 2.817 +/-0.004 h JDo (LTC): 2460851.467
Amp: 0.41 mag. Fourier Order: 9
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6015 Paularego. Another asteroid with no previously known
rotation period. The 2025 July observations strongly suggest a
period of P =2.833 + 0.002 h as the statistically most plausible one.
The data densely cover the entire rotational cycle over multiple
nights. Given the rather low amplitude of the obtained lightcurve
(<0.1 mag.), further observations in subsequent favorable

apparitions for the sake of verifying the obtained result would be
highly recommended.

6015 Paularego
Period: 2.833 +/-0.002 h JDo (LTC): 2460875.32501
Amp: 0.09 mag. Fourier Order: 11
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6198 Shirakawa. A serach of LCDB for previous rotation period
reports has not found any results in this case as well. A dense
combined dataset from four nights in 2025 December shows a

bimodal period of P =2.7571 + 0.0006 h as the statistically most
plausible solution.

6198 Shirakawa
Period: 2.7571 +/-0.0006 h JDo (LTC): 2461028.59338
Amp: 0.13 mag. Fourier Order: 9
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6441 Milenajesenska. Previous rotational period determinations
were not found in this case either. Observations made over three
nights in late 2025 June indicate an unambiguous solution for a
period of P = 2.817 + 0.004 h, associated with a fairly large
amplitude bimodal lightcurve of over 0.4 mag at low solar phase
angles.

7223 Dolgorukij. There are no previous rotation period
determination results in the LCDB. Dense photometric data
acquired throughout 2025 August yielded a synodic rotation period
of P=4.0123 £ 0.0005 h as the statistically most favorable solution.
Due to the rather small amplitude of the obtained lightcurve of only
0.1 magnitude, further evaluation of this result by observations in
subsequent apparitions is strongly recommended.

7223 Dolgorukij
Period: 4.0123 +/-0.0005 h JDo (LTC): 2460888.43262
Amp: 0.1 mag. Fourier Order: 11
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(7653) 1991 UV. Previously reported results for the rotational
period were not found in the LCDB. A bimodal period of P =2.8649
+ 0.0002 h was determined from observations made in 2025 July-
August.

(7653) 1991 UV
Period: 2.8649 +/-0.0002 h JDo (LTC): 2460867.48519
Amp: 0.18 mag. Fourier Order: 9
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8345 Ulmerspatz. The bimodal period result of P =17.12 + 0.04 h
obtained from photometric data collected over eight nights in 2025
August fits very well into the entire series of previously reported
results for the period from the LCDB ranging from 17.03 h to
17.416 h, despite the somewhat sparse data coverage of one of the
lightcurve maxima.
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8345 Ulmerspatz
Period: 17.12 +/-0.04 h JDo (LTC): 2460898.49236
Amp: 0.48 mag. Fourier Order: 9
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19379 Labrecque
Period: 2.5928 +/-0.0002 h JDo (LTC): 2460985.51876
Amp: 0.06 mag. Fourier Order: 9
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(11865) 1989 SC. There are no previous rotation period
determinations for this asteroid. Dense photometric observations
from 2025 late August-September resulted in a bimodal lightcurve
phased to a period of P =2.4483 + 0.0003 h as the most favorable
solution.

(11865) 1989 SC
Period: 2.4483 +/-0.0003 h JDo (LTC): 2460918.43848
Amp: 0.1 mag. Fourier Order: 11
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(18108) 2000 NTS. The bimodal solution for a rotational period of
P =209151=+0.0004 h, derived from data obtained over five nights
in 2025 August-September agrees well with the two values found
by Warner (2005b, 2.920 h; 2011, 2.910 h).

(18108) 2000 NT5
Period: 2.9151 +/-0.0004 h JDo (LTC): 2460903.53481
Amp: 0.18 mag. Fourier Order: 11
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19379 Labrecque. Dense observations at SAO over 3 nights in 2025
November-December resulted in a bimodal lightcurve with a period
of P =2.5928 + 0.0002 h, strongly corroborating the period result
of 2.60 h found from single night data by Skiff et al. (2023) in
contrast to the result shown by Behrend (2007web, 8.30 h)
associated with a noisy lightcurve containing some data gaps.

(21122) 1992 YK. Slightly different from the only previously
known value from Erasmus et al. (2019, 2.95 h), the newly obtained
bimodal period of P =3.0135 £ 0.0008 h from the SAO data could
be considered very reliable given its best statistical plausibility
across a wide range of periods examined, quite dense coverage of
the corresponding bimodal rotation cycle and small data scatter.

(21122) 1992 YK
Period: 3.0135 +/-0.0008 h JDo (LTC): 2461029.59284
Amp: 0.18 mag. Fourier Order: 9
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(22445) 1996 TT14. No previous reports on rotation period
determinations were found in the LCDB. Observations conducted
on four nights in the second half of 2025 September resulted in a
bimodal lightcurve with a period of P =2.991 + 0.003 h.
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Number Name 2025/mm/dd Phase Lpag  Bpas Period (h) P.E. Amp A.E. Grp
2411 Zellner 09/22-09/23 8.8, 8.2 15 -2 2.975 0.007 0.43 0.02 MB-I
3149 Okudzhava 09/23-10/29 20.7, 3.8 36 -4 2.6619 0.0002 0.18 0.02 MB-I
3918 Brel 07/12-08/06 30.5,24.7 346 2 3.0972 0.0004 0.41 0.04 MB-I
3918 Brel 10/08-10/29 12.6,22.9 2 -6 3.0970 0.0004 0.33 0.02 MB-I
4217 Engelhardt 11/05-11/09 20.5,21.6 16 17 3.066 0.003 0.17 0.02 MB-I
4391 Balodis 08/25-09/17 *9.6, 5.0 347 3 3.7199 0.0006 0.17 0.02 MB-I
4875 1Ingalls 06/22-07/02 24.7,27.8 234 6 3.777 0.002 0.26 0.02 FLOR
5498 Gustafsson 09/17-09/19 16.3,15.7 20 1 5.12 0.02 0.19 0.03 MB-I
5705 Ericsterken 11/01-11/02 14.5,13.5 61 5 3.713 0.007 0.25 0.02 MB-I
6015 Paularego 07/18-07/24 8.9, 6.8 307 10 2.833 0.002 0.09 0.03 MB-I
6198 Shirakawa 12/19-12/29 11.2, 5.8 104 6 2.7571 0.0006 0.13 0.02 FLOR
6441 Milenajesenska 06/24-06/27 13.7,12.6 293 3 2.817 0.004 0.41 0.03 HER
7223 Dolgoruki]j 07/31-08/29 20.3, 6.2 343 2 4.0123 0.0005 0.10 0.02 MB-I
7653 1991 UV 07/10-08/26 *24.0, 1.9 330 3 2.8649 0.0002 0.18 0.03 MB-I
8345 Ulmerspatz 08/10-08/19 25.9,25.1 5 29 17.12 0.04 0.48 0.03 PHO
11865 1989 sC 08/30-09/19 *7.4, 5.5 348 -1 2.4483 0.0003 0.10 0.01 MB-I
18108 2000 NT5 08/16-09/06 26.6,22.0 22 11 2.9151 0.0004 0.18 0.03 MB-I
19379 Labrecque 11/06-12/11 31.1,24.0 83 34 2.5928 0.0002 0.06 0.02 PHO
21122 1992 YK 12/20-12/30 18.3,14.5 124 9 3.0135 0.0008 0.18 0.03 Vv
22445 1996 TT14 09/19-09/23 4.1, 5.5 355 -5 2.991 0.003 0.21 0.03 MB-I
34459 2000 sSC91 11/15-12/11 *9.8, 8.3 68 12 2.7790 0.0003 0.11 0.02 EUN
35663 1998 QT50 08/25-08/27 7.2, 8.2 320 -1 3.214 0.004 0.28 0.03 MB-0
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. Lpag and Bpag are the average phase angle bisector longitude and latitude.
Grp is the asteroid family/group (Warner et al., 2009): MB-| = main-belt inner, MB-O = main-belt outer, PHO = Phocaea, HER = Hertha,
FLOR = Flora, EUN = Eunomia, V = Vesta.
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(35663) 1998 QT50
Period: 3.214 +/-0.004 h JDo (LTC): 2460913.29452
Amp: 0.28 mag. Fourier Order: 11
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(34459) 2000 SCI1. The derived period of P =2.7790 £+ 0.0003 h
is fully consistent with two earlier values by Albers et al. (2010,
2.7791 h) and from Fauerbach and Nelson (2019, 2.781 h).

(34459) 2000 SC91
Period: 2.7790 +/- 0.0003 h JDo (LTC): 2460995.45502
Amp: 0.11 mag. Fourier Order: 9
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(35663) 1998 QT50. No records on previous rotation period
determinations were found. Data from three consecutive nights in
the second half of 2025 August show an unambiguous bimodal
period of P=3.214 £ 0.004 h.
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In this paper, we present the results of the study and
monitoring of the lightcurves and rotation periods of 10
asteroids. In some cases, these studies confirmed data
previously obtained in earlier observations, while in
others, we present new results, which we hope will be
confirmed (or not) by subsequent observations.

As on other occasions, the images obtained were calibrated in the
conventional mode, without photometric filter, and with the
application of darks, bias and flats. Data analysis and processing
were performed using FotoDif (2021), Tycho Tracker (2023) and
Periodos (2020) software. In addition, all data were light-time
corrected. The results are summarized below. Individual lightcurve
plots along additional comments as required are also presented.

The 10 asteroids studied were: 85 Io (6.875 h), 922 Schlutia (7.860
h), 940 Kordula (15.558 h), 994 Otthild (5.950 h), 995 Sternberga
(11.182 h), 1453 Fennia (4.412 h), 4382 Stravinsky (12.196 h),
4583 Lugo (19.913 h) 5505 Rundetaarn (3.809 h), and 7842
Ishitsuka (7.270 h).

139

85 To. Although this asteroid has been extensively studied, our team
decided to monitor it during 2025 September just in case it revealed
any surprises. One of the most recent studies was conducted in 2020
by Martikainen et al. (2021). The results obtained there are identical
to ours, i.e., P=6.875+0.013 h and 4 = 0.24 £ 0.02 mag. The most
recent 3-D model registered in DAMIT is from 2017.
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922 Schlutia. Discovered in 1919, this asteroid was the subject of
our study from late 2025 September to early October. Among the
latest results found in the literature (Durech et. al., 2020) is a
rotation period that basically coincides with that obtained by our
team: P =7.860+0.016 h and 4 = 0.14 £ 0.02 mag.
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940 Kordula. During 2025 August and September, our team tracked
this asteroid until we were able to plot its complete rotation curve.
Based on this, the calculated period does not differ significantly
from those previously published (Durech et al, 2020).
P=15.558+0.009 hand 4 =0.27 £ 0.01 mag.
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North Pole View Equatorial View {Z = 0°)

South Pole View Equatorial View (Z =90°)

In addition, we combined our lightcurves (Grupo de Observacion
de Asteroides; GOAS, 2026) with dense lightcurves from DAMIT,
applying the lightcurve inversion method (Kaasalainen and Torppa,
2001) implemented in the MPO package LCInvert (BDW
Publishing, 2016). So, we obtained a spin axis of (J2000: A =268°,
B =-44°, P=15.56423313 h).
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We were able to compare that model with the one resulting from
positive occultations in 2023, observing a good match.
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994 Otthild. The lightcurve for this asteroid was plotted by our team
in late 2025 September and early October, following a note on the
JPL website announcing that the existing data was based on limited
observations. Therefore, it could be an object of special interest.
However, recent results (Colazo et al., 2021) coincide with ours,
which seems to clear up any doubts. We obtained P = 5.950 +
0.014 h, 4 =0.11 £ 0.02 mag.
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Although we did not have sufficient quality data to obtain a 3-D
model, we were able to record a positive occultation of the star HIP
115074 by this asteroid on the night of 2025 October 28.
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995 Sternberga. Most of our observations of this asteroid took place
in 2025 September. We noticed discrepancies between the results
published by JPL (2025) and ALCDEF (2026) regarding rotation
periods, which was one reason for choosing it as a target. The
lightcurve we obtained seems to support the ALCDEF (2026)
result. Thus, we obtained a P =11.182 £ 0.008 h, 4 = 0.11 = 0.01
mag.
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1453 Fennia. This was an asteroid proposed by our group for 2025
October. It appears to be a synchronous binary system, located in
the innermost regions of the asteroid belt, with a diameter of only
7 km. Our studies allowed us to deduce a rotation period that
practically coincides with those previously published, P =4.412 +
0.030 h, 4 =0.18 + 0.04 mag.

(1453) Fennia

Residuss Mistogram
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g Amplitude = 0.180, Error = 0.043 T s
JDo= 2460958,385740 fEmm
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We were able to derive a 3-D model by combining our dense
lightcurves with those from ALCDEF as well as AstDys sparse data
(from ATLAS, CATALINA, PALOMAR and USNO), applying the
lightcurve inversion method (Kaasalainen and Torppa, 2001)
implemented in the MPO package LCInvert (BDW Publishing,
2016). We obtained a spin axis of (J2000: A = 313°, § = -8°,
P=4.41210381 h).

It is important to say that 1453 is a known binary asteroid. To
generate a spin axis model properly, the effects of the secondary
should be removed from the combined light, leaving any variations
due only the primary. Sparse data rarely, if ever, allow the proper
corrections prior to modeling, corrections that were also omitted
from our dense lightcurves.

The lightcurve inversion process usually does not allow a unique
solution, especially if the latitude of the pole is near the equatorial
plane. In such cases, up to four mirrored solutions are possible, each
in longitude and latitude (Kaasalainen and Torppa, 2001). Warner
et al. (2014) found a weak pole solution for this asteroid after
subtracting the effects of the secondary. His solution (J2000:
A =187°, B =-11°) is a solution mirrored in longitude only.

4382 Stravinsky. There is no data published in JPL (2025) or
ALCDEEF (2026) on the rotation period of this asteroid, which made
it the focus of our attention in late 2025 September and early
October. Our observations allowed us to deduce a period of
P=12.196+0.014 h, 4 =0.12 + 0.02 mag.
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4583 Lugo. The few lightcurves we found in the literature for this
asteroid give a result of about 12 hours for the rotation period,
which is inconclusive, as is noted on the JPL (2025) website. Our
team observed it during the month of 2025 October, allowing us to
derive a very different result: P=19.913 £ 0.036 h, 4 = 0.48 + 0.05
mag.
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We should note that our period is almost 1.5x that of previous
results. The 3:2 alias raises the possibility of a miscount of rotations
over the span of our observations, or by the previous authors, which
is sometimes called a rotational alias. Additional observations by a
collaboration of observers over a wide range of longitudes may be
required to reach a more conclusive result.

5505 Rundetaarn. We did not find any results in the literature for
the rotation period of this asteroid, so it was studied during the
month 02025 October. Our data allowed us to determine P = 3.809
+0.010 h, 4 =0.13 £ 0.02 mag.
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7842 Ishitsuka. There is no published data in JPL (2025) or
ALCDEF (2026) on the rotation period of this main belt asteroid,
discovered in 1994. During 2025 September, it was the subject of
our team's research. The measurements taken allowed us to deduce
aperiod P=7.270+£0.031 h, 4 = 0.51 + 0.04 mag.
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Number Asteroid 2025 mm/dd Phase Period(h) P.E. Amp A.E.
85 1Io 09/11-09/25 17.1-10.9 6.875 0.013 0.24 0.02
922 Schlutia 09/21-10/02 10.6-05.0 7.860 0.068 0.14 0.02
940 Kordula 08/22-09/18 3.4-11.0 15.558 0.009 0.27 0.01
994 Otthild 09/30-10/18 6.3-14.7 5.950 0.014 0.11 0.02
995 Sternberga 09/10-09/22 16.5-20.1 11.182 0.008 0.11 0.01
1453 Fennia 10/09-10/14 4.8-8.0 4.412 0.030 0.18 0.04
4382 Stravinsky 09/27-10/16 19.7-11.6 12.196 0.014 0.12 0.02
4583 Lugo 09/25-10/29 12.1-24.3 19.913 0.036 0.48 0.05
5505 Rundetaarn 10/11-10/15 7.7-7.1 3.809 0.010 0.13 0.02
7842 TIshitsuka 09/13-09/26 5.8-3.1 7.270 0.031 0.51 0.04
Table |. 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.
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LIGHTCURVE ANALYSIS FOR FOUR MAIN-BELT,
ONE NEAR-EARTH, AND ONE POTENTIALLY
HAZARDOUS ASTEROID
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C/ Profesor Blanco 16. 46014 Valencia, SPAIN
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Vicente Mas (J57)
Asociacion Valenciana de Astronomia (CAAT)

(Received: 2025 December 16)

Photometric observations for four main-belt, one near-
Earth, and one potentially hazardous asteroid. We derived
the following synodic rotation periods: 1717 Arlon,
5.2269 + 0.0001 h; 19122 Amandabosh, 7.8132 + 0.0024
h; 24641 Enver, 9.0498 + 0.0019 h; (23576) 1995 DZ3,
4.2947 £+ 0.0005 h; (612356) 2002 JX8, 3.33720 +
0.00044 h; 2025 FA22, 13.017 £ 0.002 h.

We report on the photometric analysis of six asteroids by
Asociacion Valenciana de Astronomia (AVA). The data were
obtained during the last quarter of 2025. We present graphic results
of the data analysis, mainly lightcurves, with the plot phased to a
given period. We managed to obtain several accurate and complete
lightcurves and calculated their rotation periods as accurately as
possible.

Observatory Telescope CCD
C.A.AT.J57 17”-DK QHY- 600
C.A.AT.J57 10”-NW ZWO ASI 1600
793 SC-8” SBIG ST8300

Y78 SC-8” ZWO ASI 294 MM PRO
Y76 SC-9.25” ATIK 314L+

Table I. List of instruments used for the observations.

We focused on asteroids with no reported period and those where
the reported period was poorly established and needed
confirmation. The targets were selected from the Collaborative
Asteroid Lightcurve (CALL) website
(http://www.minorplanet.info/call.html), the Minor Planet Center
(http://www.minorplanet.net). The Asteroid Lightcurve Database
(LCDB; Warner et al., 2009) was consulted to locate previously
published results.
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Images were measured using MPO Canopus V12 (Bdw. Publishing)
with a differential photometry technique. The comparison stars
were restricted to near solar-color to minimize color dependencies,
especially at larger air masses. The lightcurves show the synodic
rotation period. The amplitude (peak-to-peak) that is shown is that
for the Fourier model curve and not necessarily the true amplitude.

1717 Arlon. This inner main-belt asteroid was discovered on 1954
Jan at Uccle by S.J. Arend. We made observations on 2024 Oct 1 to
Dec 30. From our data we derive a synodic rotation period of
52269 + 0.0001 h and an amplitude of 0.13 mag. Behrend
(2006web, 2008web, 2018web) got periods of 5.873 h, 5.1082 h
and 5.261 h. Pravec (2011web) got periods of 5.1477 h, 5.1496 h
and 3.51482 h. Cooney et al. (2006a) and Cooney et al. (2006b)
found periods of 5.1884 h and 5.148 h, respectively. Oey (2014)
found a period of 5.148 h and Franco et al. (2019) found 5.1448 h.
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19122 Amandabosh. This inner main-belt asteroid was discovered
on 1985 Nov at Anderson Mesa by E. Bowell. We made
observations on 2025 Nov 21 to 28. From our data we derive a
synodic rotation period of 7.8132 + 0.0024 h and an amplitude of
0.63 mag. We have no previous information about its rotation
period.

T T T T T T T

16.101 19122 Amandabosh

Year: 2025 gt

o + 1709 - 11/2

~ 16.20¢1 ® 1710 - 1172 -

s Eo %* 1711 - 11/29

- 16.30+ ; v 1715-1112’ a

o — 4th Order

b 16.40 S

g;

~ 16507 =

o

~ 16.60 1 -

o

# 16701 ® -
16.80 | =

>

oy 16.90

=

17.00 | Period: 7.813240.0024 h Amp: 0.63 * *
JDo(LTC): 2461008.543638

000 020 040 0.60 0.80 1.00

Minor Planet Bulletin 53 (2026)



144

24641 Enver. This inner main-belt asteroid was discovered on 1983
Sep at Nauchny by L.G. Karachkina. We made observations on
2025 Aug 26 to Sep 1. From our data we derive a synodic rotation
period 0 9.0498 + 0.0019 h and an amplitude of 0.37 mag. We have
no previous information about its rotation period.
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There is a second possible period of 7.5996 h, and more data should
be necessary to be sure of which is the real one. We will try next

time it’s possible.

24641 Enver
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(23576) 1995 DZ3. This outer main belt-asteroid was discovered on
1995 Feb at Kitt Peak by Spacewatch. We made observations on
2025 Sep 17 to 20. From our data we derive a synodic rotation

period 0f 4.2947 + 0.0005 h and an amplitude of 0.26 mag. We have
no previous information about its rotation period.
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(612356) 2002 JX8. This Near-Earth asteroid was discovered on
May 2002 at Socorro by LINEAR. We made observations on 2025
April 28 to May 16. From our data we derive a synodic rotation
period of 3.33720 + 0.00044 h and an amplitude of 0.17 mag. We
have no previous information about its rotation period.
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2025 FA22. This is a PHA with an Apollo orbit. The initial reported
observation was by Pan-STARRS 2, Haleakala on 2025-3-29. We
made observations on 2025 Sep 19 to 24. From our data we derive
a synodic rotation period of 13.017 + 0.002 h and an amplitude of
1.33 mag. We have no previous information about its rotation

period.

Number Name yyyy mm/dd Phase Lpas Bpag Period(h) P.E. Amp A.E Grp
1717 Arlon 2024/10/01-12/30 14.3,27.0 169,9 -0.05 5.2269 0.0001 0.13 0.03 MB-I
19122 Amandabosh 2025/11/21-28 2.7,2.1 62.5 .95 7.8132 0.0024 0.63 0.03 MB-I
24641 Enver 2025/08/26-09/01 6.0,5.6 337.5 8.5 9.0498 0.0019 0.37 0.03 MB-I
23576 1995 DZ3 2025/09/17-20 7.1,7.3 355 13.3 4.2947 0.0005 0.26 0.05 MB-O
612356 2002 JX8 2025/04/28-05/16 96.1,104. 218.1 35.1 3.33720 0.00044 0.17 0.05 NEA
2025 FA22 2025/09/19-24 65.2,28.5 20.1 4.4 13.017 0.002 1.33 0.03 PHA

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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We present CCD photometric observations of five main-
belt asteroids obtained from three observatories in Malta
and one in Slovakia during twenty-one nights between
December 2023 and January 2024. The targets were
(1146) Biarmia, (4460) Bihoro, (4602) Heudier, (7572)
Znokai and (57518) 2001 SB286. Derived synodic
rotation periods are 5.4708 £ 0.0005 h, 6.2599 + 0.0046
h, 2.7196 £ 0.0036 h, 5.9253 + 0.0076 h, and 2.8064 +
0.0033 h, with amplitudes between 0.09 and 0.15 mag.

The periods and amplitudes of asteroid lightcurves presented in this
paper are the product of collaborative work by the ASPIRE
(Asteroid and Stellar Photometric Research) group. Observations
were conducted with 0.2-m to 0.25-m Schmidt-Cassegrain
telescopes equipped with CCD cameras at the Znith, Flarestar,
Luckystar and Stellar Horizon Observatories. Image calibration
used dark-frame subtraction and flat-field correction. Differential
aperture photometry was obtained with MPO Canopus (Warner,
2017) using Sloan-R zero-point magnitudes. Near-solar-color
comparison stars were selected through the Comparison Star
Selector function of MPO Canopus based on the Asteroid
Terrestrial-impact Last Alert System (ATLAS) catalog (Tonry
et al., 2018). Table 1 displays the details of the instrumentation and
number of observation nights for each target. Fourier analysis was
applied to derive synodic rotation periods for each asteroid.

Scope Observed
Observatory/ Country and Camera Asteroids
Type (#Nights)

Flarestar Obs. 0.25-m | Moravian
(MPC: 171)/ MALTA SCT G2-1600 #1146 Q)
# 4460 (5)
Luckystar Obs. 0.25-m Atik #57518 (8)
(MPC: M55)/ SLOVAKIA SCT 460EX # 4602 (5)
# 7572 (4)

Stellar Horizon Obs. / 0.30-m ASI6200
MALTA scT MM #1146 (1)

Znith Astronomy Obs./ 0.2-m Moravian
MALTA SCT G2-1600 # 4460 (1)

Table |. Instrumentation and Observation Runs. SCT: Schmidt-
Cassegrain Telescope.
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(1146) Biarmia was discovered on 1929 May 7 by Grigory Neujmin
at Simeiz Observatory, Crimea (JPL, 2025) and named for
Bjarmaland, a region mentioned in Norse sagas (JPL, 2024). This
asteroid orbits the Sun in the outer main-belt, with an average
distance of about 3.04 AU. Its orbit is moderately eccentric
(e =0.255) with an orbital plane of about 17°, completing a full
revolution every 5.31years. It was observed over four nights
between 2025 April 6 and May 26 with three nights from Flarestar
Observatory and another from Stellar Horizon. Our analysis gives a
period of 5.4708 + 0.0005 h and an amplitude of 0.14 + 0.02 mag.
The LCDB lists values of 5.468 - 5.470 h with amplitudes around
0.20 mag (U = 3) based on measurements compiled by Durkee
(2009) and Behrend (2020web) with a U=3 value. Our result is fully
consistent with these published values.
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(4460) Bihoro was discovered on 1990 February 28 by Kin Endate
and Kazuro Watanabe at Kitami Observatory, Japan (JPL, 2025)
and named for the town of Bihoro in Hokkaido (JPL, 2024).
According to the JPL Small-Body Database, Bihoro follows an
elliptical path around the Sun with a semi-major axis of about 2.92
astronomical units (AU). Its orbit is moderately elongated, having
an eccentricity of 0.18. The asteroid’s orbital plane is inclined by
approximately 27.05°, making it one of the more inclined objects in
the main belt. Its orbital period is around 4.99 years. Znith
Observatory observed it for one night on 2024 January 19 and
Luckystar Observatory for six nights between 2023 December
12-20 and 2024 January 10-11. The derived synodic period is 9.922
+ 0.0092 h with an amplitude of 0.14 + 0.04 mag. The complete
period spectrum of this target is shown below. The LCDB lists a
previous period 0of 9.923 + 0.11 h with a U of 2+ (Wiles, 2024).
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(4602) Heudier. This asteroid was discovered on 1986 October 28
at Caussols (CERGA, OCA, France) and named for astronomer
Jean-Louis Heudier of Calern Observatory (JPL, 2025). Heudier
travels around the Sun at an average distance defined by a semi-
major axis of about 2.619 AU, an orbital eccentricity of 0.16, and
with an orbital plane that is tilted by approximately 12.39°. Its
orbital period is roughly 4.24 years, placing it firmly within the
central region of the asteroid belt. Heudier was observed from
Luckystar Observatory for five nights between 2024 August 10 and
15. The derived period is 2.7196 + 0.0036 h and amplitude
0.09 + 0.06 mag. No rotation period for Heudier is listed in the
LCDB (Warner et al., 2009), making this the first reported
lightcurve for this asteroid.
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(7572) Znokai was discovered on 1989 September 23 by Kin
Endate and Kazuro Watanabe at Kitami Observatory (JPL, 2025)
and named for “Z-no-kai,” a Japanese educational society
promoting astronomy (JPL, 2025). According to the JPL Small-
Body Database, Znokai travels around the Sun at an average
distance defined by a semi-major axis of about 2.92 AU. Its orbit is
moderately elongated, with an eccentricity of 0.18 and an orbital
plane that is inclined by around 27.05°. Its orbital period is about
4.99 years.

This asteroid was observed from Luckystar Observatory for four
nights between 2024 November 9 and 20. We derived a period of
5.9253 +0.0076 h and an amplitude of 0.10 + 0.04 mag. No LCDB
entry with a numerical period was found, and the Minor Planet
Bulletin index lists the object without results. Our measurement
therefore represents the first secure rotation period determination
for Znokai.
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(57518) 2001 SB286 was discovered_on 2001 September 28 by
C.W. Juels at Fountain Hills, Arizona (JPL, 2025). This asteroid’s
orbit has a semi-major axis of 2.86 AU, eccentricity 0.22,
inclination 15.3° and an orbital period of 4.86 years (JPL, 2025).
We observed it from Luckystar Observatory for ten nights between
2025 May 8 and 14. A period of 2.8064 + 0.0033 h and amplitude
of 0.15 + 0.06 mag were derived. A search of the LCDB (Warner
et al., 2009) revealed no previous entry listing a rotation period,
indicating that this result is likely a first determination for this
object.
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Number Name yyyy mm/dd Phase Lpas Beas Period(h) P.E. Amp A.E. Grp
1146 Biarmia 2025 05/26-06/04 12.0,10.2 260.6 16.3 5.4708 0.0005 0.14 0.02 MB
4460 Bihoro 2023 12/19-2024 01/19 11.5,13.6 89.9 27.7 6.2599 0.0046 0.12 0.05 MB
4602 Heudier 2024 08/10-08/15 8.8, 8.4 323.7 16.5 2.7196 0.0036 0.09 0.06 Eun
7572  Znokai 2024 11/09-11/20 5.0,10.7 42.0 5.5 5.9253 0.0076 0.10 0.04 MB
57518 2001 SB286 2024 05/08-05/14 6.2, 6.4 228.6 12.5 2.8064 0.0033 0.15 0.06 MB

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

(see Harris et al.,

2009).
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We present CCD photometric observations of five main-
belt asteroids: (2600) Lumme, (3667) Anne-Marie,
(11861) Teruhime, (26328) Litomysl, and (5480) 1989
YKS8. Our results were obtained from four observatories
in Malta and Slovakia during the period January 2024 to
May 2025. Observations were performed over 27 nights
using small Schmidt-Cassegrain telescopes equipped
with CCD cameras. The resulting lightcurves yielded
synodic rotation periods ranging from 4.6802 h to
15.5437 h with amplitudes between 0.09 and 0.95 mag.
These data contribute new or refined period
determinations for several objects, expanding the
photometric record of main-belt asteroids.

Observations were obtained using 0.2-m to 0.25-m Schmidt-
Cassegrain telescopes equipped with CCD detectors at Znith,
Flarestar, Luckystar and Stellar Horizon Observatories. Standard
image calibrations (bias, dark, and flat-field corrections) were
applied. Differential aperture photometry was carried out with MPO
Canopus (Warner, 2017) using Sloan R band reference magnitudes.
Comparison stars were selected via the Comparison Star Selector
tool in MPO Canopus, referencing the ATLAS all-sky catalog
(Tonry et al., 2018). Period analysis employed Fourier and phase-
dispersion techniques to derive synodic rotation periods and
amplitudes.

Scope Observed
Observatory/ Country and Camera Asteroids
Type (#Nights)
Flarestar Obs. 0.25-m Moravian
(MPC: 171)/ MALTA SCT G2-1600 #11861 (2)
Luckystar Obs. 0.25-m Atik zééggé %
(MPC: M55)/ SLOVAKIA SCT 460EX #5480 (6)
Stellar Horizon Obs./ 0.30-m ASI 6200
MALTA SCT MM #26328 (7)
Znith Astronomy Obs./ 0.2-m Moravian
MALTA SCT | Ga-1600 | 2600 (D)

(2600) Lumme. This stony asteroid was discovered on 1940
January 17 by Y. Vaisala at Turku Observatory, Finland and named
after astronomer Kalevi Lumme (JPL, 2025). It has an estimated
diameter of 15.1 km and an absolute magnitude (H) of 11.6. It was
observed from Znith Observatory for seven nights between 2025
May 2 and 17 using a 0.2-m SCT and Moravian G2-1600 camera.
The derived rotation period is 9.688 + 0.004 h with an amplitude of
0.16 + 0.15 mag. No rotation period for this object is currently listed
in the LCDB.

T T T T T T T T T T T
Phased Plot: (2600) Lumme
11.95 4
S 12.00 .
S *
@ 12.05 S= .
© M
o ol | il g
5 1210 lﬂ":‘l T T ‘
& 1215 ) -j y
2 o
3 3 ‘j‘ i
g 1220 I 2 ) .l\l
z Year: 2025| 1 i I.EQIL 4
21225 a 218-0s02] || Bd iR
: bER - Rg il
* - Bl i
g 1230 +221-o0s07] || i |
S 5 W 222-05/09] | 1
B 1235} | % 223 - 0613 ¢ | 4 ]
& M W 224 -05117 ‘
v 227 -05112 L
12.40- —2nd Order S S
4 eriod: 9. *0. mp: 0. {o] S R 1
12.45|- period: 9.688 + 0.004 h Amp: 0.16  JDo(LTC): 2460799.344704

L 1 L 1 L 1 1 1 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

(3667) Anne-Marie was discovered on 1979 October 25 by
H. Debehogne at La Silla Observatory (JPL, 2025) and named in
honor of the discoverer’s daughter Anne-Marie (JPL, 2024). It has
an estimated diameter of 22.3 km and an absolute magntidue (H) of
12.28. This C-type asteroid was observed from Luckystar
Observatory for four nights between 2024 January 28 and February
16. The synodic rotation period was determined as
12.2813 + 0.0202 h with an amplitude of 0.09 + 0.05 mag. No
published period could be found in the LCDB for this asteroid.
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(11861) Teruhime. Discovered on 1988 December 7 by M. Yanai
and K. Watanabe at Kitami Observatory (JPL, 2025), it was named
for Teruhime, a noblewoman of the Sengoku period in Japan
(JPL, 2025). This C-type asteroid has an approximate diameter of
11.7 km and absolute magnitude (H) of 12.4. It was observed from
Flarestar Observatory for two nights (April 30 - May 7, 2025) and
from Luckystar Observatory for one additional night (April 30).
The derived period is 4.897 + 0.001 h with a large amplitude of
0.95 £ 0.02 mag, indicative of a highly elongated shape. No rotation
period for this object is currently listed in the LCDB (Warner et al.,
2009) therefore this measurement represents a new determination.
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(26328) Litomysl. Discovered on 1998 October 23 by M. Tichy and
Z. Moravec at Klet Observatory and named after the Czech town
Litomysl (JPL, 2025). This approximately 5 km asteroid has an
absolute magnitude (H) of 14.2. Observed from Luckystar
Observatory for 4 nights and from Stellar Horizon Observatory for
7 nights between 2024 November 9 and 20. The derived period is
4.6802 + 0.0038 h with an amplitude of 0.22 + 0.10 mag. No
rotation period for this object is currently listed in the LCDB
(Warner et al., 2009) therefore this measurement represents a new
determination.
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(5480) 1989 YKS8 was discovered on 1989 December 21 by
Y. Mizuno and T. Furuta at Kani Observatory (JPL, 2025). Its
diameter is 15.1 km and an absolute magntidue (H) of 11.46. This
asteroid was observed from Luckystar Observatory for six nights
between 2025 April 19 and 28. The derived rotation period is
15.5437 + 0.0684 h with an amplitude of 0.13 + 0.04 mag. No
rotation period was found in the LCDB (Warner et al., 2009)
making this a new lightcurve result.
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Number Name yyyy mm/dd Phase Lpag Bpas Period(h) P.E. Amp AE. Grp
2600 Lumme 2025 05/02-05/17 9.4, 13.3 200.6 13.3 9.688 0.004 0.16 0.15 EOS
3667 Anne-Marie 2024 01/28-02/16 11.6, 16.3 111.7 18.4 12.2813 0.0202 0.09 0.05 TIR
11861 Teruhime 2025 04/30-05/07 5.5, 7.5 206.3 8.6 4.897 0.001 0.95 0.02 MB
26328 Litomysl 2024 11/09-11/20 4.6, 7.0 215.8 1.6 4.6802 0.0038 0.22 0.10 MB
5480 1989 YK8 2025 04/19-04/28 3.5, 5.7 205.6 8.3 15.5437 0.0684 0.13 0.04 MB

Table 2. Observing circumstances and results. 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 (Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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From photometric observations for twenty main-belt
asteroids we derived the following rotational synodic
periods: 147 Protogeneia, 7.8505 + 0.0009 h; 152 Atala,
6.245 + 0.003 h; 317 Roxane, 8.1559 + 0.0013 h;
360 Carlova, 6.1906 + 0.0001 h; 418 Alemannia,
4.6729 + 0.0003 h; 427 Galene, 3.7062 + 0.0001 h;
585 Bilkis, 8.5749 + 0.0014 h; 670 Ottegebe,
10.0399 £ 0.0002 h; 675 Ludmilla, 7.7141 £ 0.0002 h;
679 Pax, 8.4512 + 0.0004 h; 757 Portlandia, 6.5810 +
0.0005 h; 794 Irenaea, 9.1748 + 0.0018 h; 909 Ulla,
8.7111 £ 0.0012 h; 934 Thuringia, 8.1650 + 0.0002 h;
1069 Planckia, 8.6611 =+ 0.0024 h; 1636 Porter,
2.9660 + 0.0002 h; 1708 Polit, 7.5087 + 0.0001 h;
1967 Menzel, 2.84954 + 0.00015 h; 2019 van Albada,
2.7295 + 0.0003 h; 2326 Tololo, 9.4914023 + 0.0000001
h.

We report on the photometric analysis for twenty main-belt
asteroids. The data were obtained during 2025. We present graphic
results of data analysis, mainly lightcurves, with the plot phased
into a given period. We managed to obtain several accurate and
complete lightcurves and calculated their rotation periods as
accurately as possible.

Observatory Telescope (meters) CCD
Y76 SC 9,257 ATIK 314L+
Table I. List of instruments used for the observations.

The targets were selected from the Collaborative Asteroid
Lightcurve Link (CALL) website
(http://www.minorplanet.info/call.html), the Minor Planet Center
(http://'www.minorplanet.net). The Asteroid Lightcurve Database
(LCDB; Warner et al., 2009) was consulted to locate previously
published results.

Images were measured using MPO Canopus (Bdw. Publishing)
with a differential photometry technique. The comparison stars
were restricted to near solar color to minimize color dependencies,
especially at larger air masses. The lightcurves show the synodic
rotation period. The amplitude (peak-to-peak) that is shown is that
for the Fourier model curve and not necessarily the true amplitude.

Results
147 Protogeneia. This outer main-belt asteroid was discovered on

1875 July at Vienna by L. Schulhof. We made observations on 2025
July 20 to 28. From our data we derive a synodic rotation period of

7.8505 £+ 0.0009 h and an amplitude of 0.15 mag. Behrend
(2005web) found a period of 7.85 h. Buchheim (2005) got 7.8528 h
and Hanus et al. (2013a) got a sidereal period of 7.85232 h.
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152 Atala. This outer main-belt asteroid was discovered on 1875
November at Paris by P. Henri. We made observations on 2025
November 8 to 9. From our data we derive a synodic rotation period
of 6.245 + 0.003 h and an amplitude of 0.23 mag. Durech (2006),
Durech et al. (2009), and Durech et al. (2011) found a period of
6.24472 h, 6.24472 and 6.24472 h, respectively. Behrend
(2005web, 2006web) found periods of 6.2443 h and 6.2461 h.
Hanus et al. (2011) and Hanus et al. (2013b) found 6.24472 h and
6.24472 h, respectively. Martikainen et al. (2021) found 6.244720
h.
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317 Roxane. This inner main-belt asteroid was discovered on 1891
September at Nice by A. Charlois. We made observations on 2025
April 23 to 25. From our data we derive a synodic rotation period
of 8.1559 + 0.0013 h and an amplitude of 0.68 mag. Behrend
(2005web, 2007web, 2009web, 2013web, 2019web) found periods
of 8.16 h, 8.164 h, 8.172 h, 8.18 h and 8.16942 h, respectively.
Lagerkvist and Rickman (1982) found a period of 8.16 h. Harris
etal. (1992) got 8.169 h. Stephens (2014) found 8.173 h, and Hanus
et al. (2016) found a sidereal period of 8.16961 h.
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360 Carlova. This outer main-belt asteroid was discovered on 1893
March at Nice by A. Charlois. We made observations on 2025
August 9 to September 10. From our data we derive a synodic
rotation period of 6.1906 + 0.0001 h and an amplitude of 0.39 mag.
Behrend (2012web, 2018web) found periods of 6.1904 h and
6.1891 h. Harris and Young (1983) got a period of 6.21 h.
Di Martino et al. (1987) found 6.183 h. Michalowski et al. (2000)
got a period of 6.188 h. Alton (2012) got 6.1894 h.
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418 Alemannia. This inner main-belt asteroid was discovered on
1896 September at Heidelberg by M.F. Wolf. We made
observations on 2025 June 29 to July 1. From our data we derive a
synodic rotation period of 4.6729 + 0.0003 h and an amplitude of
0.20 mag. Behrend (2001web, 2005web, 2007web) found a period
0f4.6714 h,4.67 h and 4.6727 h, respectively. Wetterer et al. (1999)
got 4.680 h. Pilcher (2018) got 4.673 h, Klinglesmith and
Hendrickx (2018) got 4.672 h, and Gorby et al. (2018) got 4.670 h.
Pal et al. (2020) got a period of 4.67226 h.
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427 Galene. This outer main-belt asteroid was discovered on 1897
August at Nice by A. Charlois. We made observations on 2025
August 11 to September 3. From our data we derive a synodic
rotation period of 3.7062 + 0.0001 h and an amplitude of 0.70 mag.
Behrend (2010web, 2020web) found periods of 3.7059 h and
3.7057 h. Caspari (2009) got a period of 3.705 h, and Pal et al.
(2020) found 3.70625 h.
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585 Bilkis. This inner main-belt asteroid was discovered on 1906
February at Heidelberg by A. Kopff. We made observations on
2025 September 14 to 16. From our data we derive a synodic
rotation period of 8.5749 + 0.0014 h and an amplitude of 0.14 mag.
Behrend (2005web, 2012web) found periods of 8.58 h, 8.5751 h
and 8.582 h. Warner (2011) found a period of 8.5742 h. Stephens
(2016) got 8.577 h.
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670 Ottegebe. This outer main-belt asteroid was discovered on 1908
August at Heidelberg by A. Kopff. We made observations on 2025
July 13 to 16. From our data we derive a synodic rotation period of
10.0399 + 0.0002 h and an amplitude of 0.35 mag. We did not find
previous information about it.
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675 Ludmilla. This outer main-belt asteroid was discovered on
1908 August at Taunton by J.H. Metcalf. We made observations on
2025 January 3 to 5. From our data we derive a synodic rotation
period of 7.7141 + 0.0002 h and an amplitude of 0.43 mag. Behrend
(2005web, 202 1web, 2023web) found periods of 7.713 h, 7.7161 h
and 7.71446 h, respectively. Schober and Dvorak. (1975) got 7.717
h, and Velichko et al. (1995) found 7.717 h.
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679 Pax. This inner main-belt asteroid was discovered on 1909
January at Heidelberg by A. Kopff. We made observations on 2024
December 28 to 2025 January 14. From our data we derive a
synodic rotation period of 8.4512 + 0.0004 h and an amplitude of
0.27 mag. Behrend (2004web, 2005web, 2023web) found periods
of 8.445 h, 8.453 h and 8.4525 h, respectively. Chiorny et al. (2003)
got a period of 8.452 h. Schober et al. (1994) got 8.452 h.
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757 Portlandia. This inner main-belt asteroid was discovered on
1908 August at Taunton by J.H. Metcalf. We made observations on
2025 October 23 to 27. From our data we derive a synodic rotation
period of 6.5810 + 0.0005 h and an amplitude of 0.24 mag. Behrend
(2005web) found a period of 6.5837 h, Lagerkvist et al. (1988)
found 6.58 h. Stephens (2015) got 6.579 h.
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794 Irenaea. This outer main-belt asteroid was discovered on 1914
August at Vienna by J. Palisa. We made observations on 2025 July
31 to August 5. From our data we derive a synodic rotation period
of 9.1748 + 0.0018 h and an amplitude of 0.30 mag. Behrend
(2008web) found a period of 9.14 h.
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909 Ulla. This outer main-belt asteroid was discovered on 1919
February at Heidelberg by K. Reinmuth. We made observations on
2025 January 19 to 31. From our data we derive a synodic rotation
period of 8.7111 +0.0012 h and an amplitude of 0.15 mag. Behrend
(2002web, 2020web) found periods of 8.72 h and 8.7155 h. Gonano
etal. (1991) got a period of 8.71 h. Lagerkvist et al. (2001) got 8.73
h. Franco et al. (2021) found 8.714 h.
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934 Thuringia. This outer main-belt asteroid was discovered on
1920 August at Bergedorf by W. Baade. We made observations on
2025 September 22 to October 2. From our data we derive a synodic
rotation period of 8.1650 + 0.0002 h and an amplitude of 0.34 mag.
We did not find previous information about it.
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1069 Planckia. This outer main-belt asteroid was discovered on
1927 January at Heidelberg by M.F. Wolf. We made observations
on 2025 November 4 to 7. From our data we derive a synodic
rotation period of 8.6611 = 0.0024 h and an amplitude of 0.23 mag.
Behrend (2006web, 201 1web) found a period 8.66 h and 8.655 h.
Warner (2001a, 2010) and Warner et at. (2001b) found 10.58 h,
8.665 h, and 8.5643 h.
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1636 Porter. This inner main-belt asteroid of the Flora family was
discovered on 1950 January at Heidelberg by K. Reinmuth. We
made observations on 2025 September 2 to 10. From our data we
derive a synodic rotation period of 2.9660 + 0.0002 h and an
amplitude of 0.29 mag. Behrend (2014web) found a period 2.9658
h. Albers et al. (2010) got 2.9653 h. Benishek (2023) found a period
0f 2.9660 h.
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1708 Polit. This outer main-belt asteroid was discovered on 1929
December at Barcelona by J. Comas Sola. We made observations
on 2025 February 3 to 22. From our data we derive a synodic
rotation period of 7.5087 + 0.0001 h and an amplitude of 0.32 mag.
Behrend (2005web) found a period 7.520 h. Clark (2011, 2015,
2016) got 7.5085 h, 7.507 h, 7.5080 h, 7.5084 and 7.5071 h.
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1967 Menzel. This inner main-belt asteroid was discovered on 1905
November at Heidelberg by M.F. Wolf. We made observations on
2025 October 1 to 12. From our data we derive a synodic rotation
period of 2.84954 + 0.00015 h and an amplitude of 0.33 mag.
Behrend (2005web, 2015web, 2020web) found periods of 2.83481
h, 2.83497 h and 2.83484 h, respectively. Pravec (2007web,
2010web, 2015web) found 2.8344 h, 2.8343 h and 2.8348 h. Pray
(2006) got 2.8350 h. LeCrone et al. (2006) got 2.834 h, and Higgins
et al. (2008) found 2.8346 h. Clark (2015) found 2.8364 h.
Klinglesmith et al. (2016) and Klinglesmith (2017) got periods of
2.835h and 2.834 h.
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2019 van Albada. This inner main-belt asteroid of the Flora family
was discovered on 1935 September at Johannesburg by H. van
Hent. We made observations on 2025 May 19 to 25. From our data
we derive a synodic rotation period of 2.7295 + 0.0003 h and an
amplitude of 0.16 mag. Behrend (2012web, 2013web, 2019web)
found periods 0f2.729 h, 2.73 h and 2.73 h, respectively. Waszczak
et al. (2015) got 2.583 h and 2.730h. Liu (2015) found 2.729 h, Tan
et al. (2018) got 2.295 h and Benishek et al. (2019) got 2.7294 h.
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Number Name yyyy mm/dd Phase Lpas Bpas Period(h) P.E. Amp A.E. Grp
147 Protogeneia 2025/07/20-28 2.0, 1.4 301.9 1.9 7.8505 0.0009 0.15 0.03 MB-O
152 Atala 2025/11/8-9 9.9,10.2 18.9 -4.1 6.245 0.003 0.23 0.05 MB-O
317 Roxane 2025/04/23-25 9.1,10.0 194.9 1.7 8.1559 0.0013 0.68 0.03 MB-I
360 Carlova 2025/08/09-09/10 8.4,16.0 293.4 3.0 6.1906 0.0001 0.39 0.03 MB-O
418 Alemannia 2025/06/29-07/01 4.4, 3.7 284.6 5.0 4.6729 0.0003 0.20 0.05 MB-I
427 Galene 2025/08/11-09/03 1.8,11.1 315.5 2.4 3.7062 0.0001 0.70 0.03 MB-O
585 Bilkis 2025/09/14-16 0.8, 1.4 350.4 1.6 8.5749 0.0014 0.14 0.03 MB-I
670 Ottegebe 2025/07/13-16 4.3, 4.8 288.7 9.0 10.0399 0.0002 0.35 0.05 MB-O
675 Ludmilla 2025/01/03-05 6.1, 5.3 112.7 =-6.1 7.7141 0.0002 0.43 0.03 MB-O
679 Pax 2024/12/28-2025/01/14 7.9,13.1 91.1 -10.5 8.4512 0.0004 0.27 0.03 MB-I
757 Portlandia 2025/01/03-05 5.2, 4.8 297.5 -6.9 6.5810 0.0005 0.24 0.05 MB-I
794 Irenaea 2025/07/31-08/05 3.3, 5.2 304.3 4.3 9.1748 0.0018 0.30 0.03 MB-O
909 Ulla 2025/01/19 - 31 8.1,10.7 98.1 -15.4 8.7111 0.0012 0.15 0.02 MB-O
934 Thuringia 2025/09/22-10/02 9.7,14.1 343.4 7.8 8.1650 0.0002 0.34 0.035 MB-0O

1069 Planckia 2025/11/4-7 6.9, 6.4 53.1 -16.3 8.6611 0.0024 0.23 0.03 MB-O
1636 Porter 2025/09/2-10 0.6, 4.4 340.0 0.7 2.9660 0.0002 0.29 0.03 MB-I
1708 Polit 2025/02/3-22 5.0, 7.2 140.7 -6.4 7.5087 0.0001 0.32 0.03 MB-O
1967 Menzel 2025/10/1-12 5.4, 3.4 15.0 -4.1 2.84954 0.00015 0.33 0.05 MB-I
2019 wvan Albada 2025/05/19-25 4.9, 8.5 231.4 -1.8 2.7295 0.0003 0.16 0.03 MB-I
2326 Tololo 2025/01/26-02/04 8.6,11.3 112.2 -12.5 9.4914023 0.0000001 0.29 0.05 MB-O

Table Il. 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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2326 Tololo. This outer main-belt asteroid of the Brasilia family
was discovered on 1965 August at Brooklyn by Indiana University.
We made observations on 2025 January 26 to February 4. From our
data we derive a synodic rotation period of 9.4914023 + 0.0000001
h and an amplitude of 0.29 mag. Behrend (2022web) found a period
of 9.460 h. Percy (2019) found 9.488 h, and Polakis (2020, 2021)
got 9.49 h and 9.60 h.
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Synodic rotation periods and amplitudes are reported for
1068 Nofretete, 1818 Brahms, 1942 Jablunka,
2097 Galle, 2098 Zyskin, 2125 Karl-Ontjes,
3237 Victorplatt, 4583 Lugo, 5256 Farquhar,
7842 Ishitsuka, 8556 Jana, (11564) 1993 FU4l,
(16009) 1999 CMS, (35539) 1998 FJ91, and
(65127) 2002 CG63.

The periods and amplitudes of asteroid lightcurves presented in this
paper are the product of collaborative work by the 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 corrections
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 studied. 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, Venezuela, Spain, Italy, or Croatia, i.e. with negative or
positive declinations 3, and 3) objects with few periods reported in
the literature and/or with Lightcurve Database (LCDB) (Warner
et al., 2009) quality codes (U) of less than 3.
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1068 Nofretete is a main-belt asteroid discovered in 1926 by
E. Delporte with an estimated diameter of 21.346 km. A previously
reported rotational period for this asteroid is P = 6.15 h (Binzel,
1987). In this work, we propose a longer period of P = 22.874 +
0.021 h, with an amplitude of 4m = 0.06 + 0.03 mag.
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1818 Brahms is a main-belt asteroid with an estimated diameter of
13.747 km. It was discovered in 1939 by K. Reinmuth. We couldn’t
find a reported period for this object in the literature. In this paper,
we present full light curve coverage. We measured a period of
P =15.357+0.044 h with 4m = 0.69 + 0.06 mag.
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1942 Jablunka is a main-belt asteroid discovered in 1972 by
L. Kojoutek. It is a member of the Phocaea family (Nesvorny et al.,
2015) with an estimated diameter of 16.766 km. The more recent
period published in the literature corresponds to P = 8.91158 h
(Durech et al., 2016). Our period, P = 8.902 + 0.020 h, agrees with
Durech et al.

| (1842) Jablunka

Perind = 8,802, Errar = 0.020
Amplitude = 0.21, Error = .03

4 W19 202810105 0008 65
3 W18 202540107 D035 06
i Daz2025M07 +n0Bs 22
4 M1920251008 D024 31
4 K19 20281010 w032 21
4 Z85 202501008 -0.044 25
4 DEO 202510111 40044 30
{ W13 20281012 +0002 39
—Fitted Curve

Resldues Histegram

i a7 s s o wat e v Gm v e

=
Period phase

2097 Galle is a main-belt asteroid with an estimated diameter of
26.330 km that was discovered in 1953 by K. Reinmuth. The
reported rotational period for this asteroid is P = 26.330 h (Yeh
et al., 2020). In this work, we propose a shorter period of P =7.313
+0.025 h with Am = 0.39 + 0.04 mag.
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2098 Zyskin is a main-belt asteroid discovered in 1972 by L.V.
Zhuravleva. It is a member of the Vesta family (Nesvorny et al.,
2015) with an estimated diameter of 12.731 km. The reported
rotational period for this asteroid is 3.92 h (Waszczak et al., 2015).
We measured a period of P =3.919 ++ 0.021 h, with 4m =0.10 +
0.03 mag.
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2125 Karl-Ontjes is a main-belt asteroid with an estimated diameter
of 11.019 km that was discovered in 1960 at Palomar. No published
rotational periods for this asteroid were found in the literature. In
this work, we propose a period of P = 106.82 + 0.43 h with
Am =0.62 £ 0.04 mag.
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3237 Victorplatt is a main-belt asteroid discovered in 1984 by
J. Platt. It belongs to the Eos family (Nesvorny et al., 2015) and has
an estimated diameter of 27.751 km. The reported rotational period
for this asteroid is P = 10.36 h (Behrend, 2010web). Our
observations suggest a longer period, yielding a value of P=21.000
+0.024 h with 4m = 0.18 £ 0.03 mag.
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4583 Lugo is a main-belt asteroid discovered in 1989 at Smolyan.
It is classified as a X-type asteroid according to the SDSS-based
Asteroid Taxonomy (Hasselmann et al., 2012), with a diameter of
13.761 km. A previously reported rotational period for this asteroid
is 12 h (Behrend, 2021web). Our measurements indicate a slightly
longer period of P =19.858 + 0.034 h, with a lightcurve amplitude
of Am = 0.41 + 0.05 mag.
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5256 Farquhar is a main-belt asteroid that was discovered in 1988
by Helin-Mikolaj.-Coker and has an estimated diameter of 11.990
km. A rotational period of P =11.504 h was previously reported for
this asteroid (Farfan et al., 2022). Our results are consistent with
this rotation period, giving a value of P =11.514 £ 0.019 h and an
amplitude of 4m =0.12 £ 0.03 mag.
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7842 Ishitsuka is a main-belt asteroid that was discovered in 1994
by K. Endate and K. Watanabe, with an estimated diameter of 3.710
km. For this asteroid, we could not find any published rotational
periods in the literature. In this work, we propose a period of
P=7.269 +0.052 h with 4m = 0.55 = 0.07 mag.
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8556 Jana is a main-belt asteroid that was discovered in 1995 by
Z. Morave and has an estimated diameter of 7.343 km. For this
asteroid as well, we could not find published periods in the
literature. In this work, we propose a period of P = 35.496 +
0.031 h with 4m = 0.38 + 0.04 mag.
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(11564) 1993 FU41 is a main-belt asteroid with an estimated
diameter of 4.997 km that was discovered in 1993 by UESAC at La
Silla. Based on the SDSS taxonomy (Hasselmann et al., 2012), it is
classified as a C-type and belongs to the Flora or Baptistina family
(Nesvorny et al., 2015). We couldn’t find a reported period for this
object in the literature. We measured a period of P = 6.987 +
0.033 h with 4m =0.13 + 0.05 mag.
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(16009) 1999 CMS is a main-belt asteroid with an estimated
diameter of 10.143 km; it was discovered in 1999 by T. Kobayashi.
It is a member of the Maria family (Nesvorny et al., 2015). The
more recent period published in the literature corresponds to
P =16.7 h (Waszczak et al., 2015). Our period, P = 16.698 +
0.024 h, agrees with the one measured by Waszczak et al.

| (16009) 1993 cM8

Period = 16,648, Error = 0.024
. | Ampitude = 0,60, Emor = 0.03

T 0C320250825 0.084 1o
5 RuC 205

25108 0087 49

-
3
%
H
2

Reduced Magnitude(V)

5 ommzmsmn: 0081 63
4 0C2202510M4  +0.039 40|
——Fittod Corve

Residues Histogram

.

Poriod phase

(35539) 1998 FJ91 is a main-belt asteroid with and estimated
diameter of 5.877 km. It is classified as an S-type asteroid according
to the SDSS-based Asteroid Taxonomy (Hasselmann et al., 2012).
It was discovered in 1999 by LINEAR. We couldn’t find a reported
period for this object in the literature. We propose a period of
P =21.645+0.028 h with Am = 0.07 = 0.04 mag.
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Number Name 2025/ mm/dd Phase Lpas Bras Period(h) P.E. Amp A.E. Grp
1068 Nofretete 08/27-09/24 *05.9,05.1 348 3 22.874 0.021 0.06 0.03 MB-O
1818 Brahms 09/03-09/18 13.2,04.6 358 5 5.357 0.044 0.69 0.06 MB-I
1942 Jablunka 10/05-10/12 12.3,13.3 14 18 8.902 0.020 0.21 0.03 Pho
2097 Galle 09/03-09/16 01.2,06.3 341 2 7.313 0.025 0.39 0.04 MB-0O
2098 Zyskin 09/23-10/12 *05.8,06.3 9 5 3.919 0.021 0.10 0.03 Vesta
2125 Karl-Ontjes 08/28-09/28 *08.9,05.6 353 1 106.82 0.43 0.62 0.04 MB-0
3237 Victorplatt 08/03-09/02 *03.9,09.4 317 7 21.000 0.024 0.18 0.03 Eos
4583 Lugo 09/03-09/28 *01.3,13.1 343 0 19.858 0.034 0.41 0.05 MB-I
5256 Farquhar 08/31-10/09 *16.6,08.5 5 13 11.514 0.019 0.12 0.03 MB-I
7842 TIshitsuka 09/06-09/24 *10.8,01.3 359 2 7.269 0.052 0.55 0.07 MB-I
8556 Jana 09/29-10/31 *13.0,09.1 25 -8 35.496 0.031 0.38 0.04 MB-0O

11564 1993 FU41 08/28-10/21 *04.2,10.5 11 -1 6.987 0.033 0.13 0.05 Levin
16009 1999 CM8 09/25-10/14 *08.4,08.7 9 -11 16.698 0.024 0.60 0.03 Maria
35539 1998 FJ91 08/22-09/21 *04.5,15.0 333 -8 7.313 0.025 0.39 0.04 MB-0O
65127 2002 CG63 08/25-09/02 11.2,08.0 340 -10 10.426 0.028 0.33 0.04 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 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., 2009). MB-O: main-belt outer; MB-I: main-belt inner; Pho: 25 Phocaea;

Vesta: 4 Vesta; Eos: 221 Eos; Levin: 2076 Levin; Maria: 170 Maria; MB-M: main-belt middle.
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65127 2002 CG63 is a main-belt asteroid with an estimated
diameter of 8.813 km. It was discovered in 2002 by LINEAR. We
couldn’t find a reported period for this object in the literature. We
propose a period of P = 10.426 + 0.028 h with 4m = 0.33 +
0.04 mag.
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Observatory Telescope Camera

303 Obs.Astr.Nacional Llano del Hato Newtonian (D=1000mm; f=5.5) CCD FLI PL4240

821 Est.Astrof.Bosque Alegre Newtonian (D=1540mm; £f=4.9) CCD APOGEE Alta U9
D42 OsservatorioAstronomico Piero Angela SCT (D=300mm; f£f=6.2) CMOS ToupTek 2600 KMA
G05 Obs.Astr.Giordano Bruno SCT (D=203mm; f=6.3) CCD Atik 420 m

K14 Obs.Astr.de Sencelles Newtonian (D=250mm; f=4.0) CCD SBIG ST-7XME

M19 Osservatorio Explorer RCT (D=304 mm; f=6,5) CCD Moravian G2 4000
X41 ObservatorioProtdén-Protdn Newtonian (D=250mm; f=5.0) CMOS ZWO ASI120MINI MM
703 Obs.Astr.RioCofio SCT (D=254mm; £=6.3) CCD SBIG ST-8XME

7265 Obs.Astr.Corgas Newtonian (D=310mm; f=4.8) CMOS ZWO ASI 294 MM
DEO Dark Energy Observatory Refractor (D=115mm; £=7.0) CMOS QHY 294M pro

DE2 Dark Energy Observatory 2 RCT (D=200mm; f=5.4) CMOS Player One Ares-M
NAO Obs.Astr.Naos Newtonian (D=250mm; f=4.0) CMOS ZWO 183

NA2 Obs.Astr.Naos 2 Newtonian (D=200mm; f£=5.0) CMOS ZWO ASI 174

NA3 Obs.Astr.Naos 3 SCT (D=279; £=10) CMOS QHY 163M

NA4 Obs.Astr.Naos 4 Newtonian (D=200mm; £f=5.0) CMOS ZWO ASI 174

OAN Obs.Astr.Nacional Llano del Hato Camara Schmidt (D=1000mm; £f=3.0) CMOS Fujifilm GFX 50R
OC2 Obs.Astr.de Carlos Ambrosioni SCT (D=150mm; £=6.7) CCD FLI 8300

OC3 Obs.Astr.de Carlos Ambrosioni SCT (D=279mm; £=7) CCD SBIG ST8XME

OM2 Obs.Astr.Vueltaporel Universo 2 Newtonian (D=200mm; £f=5.0) CMOS POA Neptune-M
RMC Obs.Astr.de Raul Melia Carlos Paz Newtonian (D=254mm; f=4.7) CMOS QHY 174M

Table Il. List of observatories and equipment.

Minor Planet Bulletin 53 (2026)




A POTENTIAL NEW SATELLITE OF (165991) 2001 YL149
DETECTED BY STELLAR OCCULTATION

Victor Bao
Royal Astronomical Society of New Zealand (RASNZ)
victor.bao@rasnz.org.nz

David Gault
Trans-Tasman Occultation Alliance (TTOA)

(Received: 2026 January 15 Revised: 2026 February 14)

We report on observations of (165991) 2001 YL149
occulting TYC 6883-00373-1, a magnitude 10.8 star, on
2025 November 1.351 from a site in New Zealand. The
minor planet was ten magnitudes fainter than the star. Bao
recorded two consecutive occultations of 180
milliseconds and 40 milliseconds duration. The first drop
was more than 2.6 magnitudes followed by a second one-
point drop of approximately 1.8 magnitudes. A double
star explanation is excluded due to the depth of both
occultations. Fresnel analysis is consistent with a satellite
explanation; however, the strength of a one-point
observation is insufficient to claim satellite discovery.
We suggest that anomalies in future rotational light curve
observations might provide further evidence for the
presence of a satellite.

V. Bao observed asteroid (165991) 2001 YL149 occult TYC 6883-
00373-1, a magnitude 10.8 star, from Auckland, New Zealand with
a 28-cm Schmidt-Cassegrain telescope equipped with a
Complementary Metal-Oxide-Semiconductor (CMOS) astronomy
camera, model Player One Ceres 462M. A video recording was
made with a time resolution of 40 ms per frame. Video timestamps
were accurate to a resolution of 1 ms by synchronizing the computer
clock to a GPS 1PPS receiver serial device. Two consecutive
photometric events were recorded; an initial occultation drop
lasting 180 milliseconds, followed 540 milliseconds later by a
single-frame drop of 40 milliseconds. The magnitude drop of the
initial occultation was deeper than a comparison star of magnitude
13.6.

For the secondary event, the original recording provided no suitable
comparison stars, and recordings with a larger field of view were
conducted on a subsequent night with the same equipment and
similar air-mass as the occultation. A drop of 1.8 magnitudes was
estimated. The combined magnitude drop from both events is too
large for a double star explanation where two drops of 0.8
magnitudes each or one drop over 0.8 and one drop under 0.8
magnitudes would be expected.
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Figure 1. nghtcurve by V. Bao, displaying two occultation events.

163
Reduction of the Observations

Event times and observation circumstances were entered into
Occult 4 software (D. Herald) and the sky-plane plots are shown in
Figure 2. A Fresnel diffraction analysis tool (R. Anderson) was used
to extrapolate the magnitude drop of the secondary event to the size
of a potential satellite.

(165991) 2001 YL149, 2025 Nov 1
N

Star 0.1mas

® Disappear
° Reappra!

6.00 on Plot width: 28 km

Figure 2. Reduction sky-plane plot, displaying the asteroid and
potential satellite.

Main body
Satellite

7.7+ 0.8 km (NEOWISE)
2.0 +2.0km

These diameters were then used to derive a separation of 6.25 + 0.05
mas and a position angle of 263.0 + 2.6° or 242.8 + 2.8°, from the
four possible solutions. However, the strength of a one-point
observation is insufficient to claim discovery of a satellite.

We are not aware of any rotational lightcurve measurements of this
asteroid. We seek those acquainted with rotational lightcurve
analysis to check for anomalies in the data for (165991) 2001
YL 149 which could be explained by the presence of a satellite.
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LIGHTCURVE ANALYSIS FOR THREE NEAR-EARTH
ASTEROIDS OBSERVED BETWEEN
OCTOBER AND DECEMBER 2025

Peter Birtwhistle
Great Shefford Observatory
Phlox Cottage, Wantage Road
Great Shefford, Berkshire, RG17 7DA
UNITED KINGDOM
peter@birtwhistle.org.uk

(Received: 2026 January 7)

Lightcurves and amplitudes for three near-Earth asteroids
observed from Great Shefford Observatory during close
approaches between October and December 2025 are
reported. All are small objects (~30 meters or less) with
rotation periods significantly shorter than the spin barrier
at ~2.2 h. One is identified as having tumbling rotation.

Photometric observations of near-Earth asteroids during close
approaches to Earth between October and December 2025 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 /6. The 1Kx1K, 13-micron CCD was binned 2x2
resulting in an image scale of 2.16 arcsec/pix. All the images were
calibrated with dark and flat frames and Astrometrica (Raab, 2025)
was used to measure photometry using G band data from the Gaia
DR3 catalogue. MPO Canopus (Warner, 2023), incorporating the
Fourier algorithm developed by Harris (Harris et al., 1989) was
used for lightcurve analysis.

No previously reported results have been found in the Asteroid
Lightcurve Database (LCDB) (Warner et al., 2009), from searches
via the Astrophysics Data System (ADS, 2025) or from wider
searches unless otherwise noted. All size estimates are calculated
using H values from the Small-Body Database Lookup (JPL, 2025),
using an assumed albedo for NEAs of 0.2 (LCDB readme.pdf file)
and are therefore uncertain and offered for relative comparison
only.

2025 UT6. The Catalina Sky Survey discovered this Apollo
(H = 24.8, D ~32 m) on 2025 Oct 25.36 UTC, 26 hours after it
passed Earth at 3 Lunar Distances (LD) (Galli et al., 2025). It was
observed for 2.0 h starting at 2025 Oct 26.03 UTC and large
variations in brightness were obvious between consecutive
exposures taken with a cadence of 10 s.

2025 UT6
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The linearly scaled period spectrum spanning 10 s - 5 min indicates
a best-fit period of 0.019025 + 0.000002 h (~68 s) and that period
results in a bimodal, asymmetric phased lightcurve. All other
significant minima in the period spectrum are related harmonics,
being integer multiples of half the bimodal period. 2025 UT6
completed 105 rotations while under observation.
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2025 WA. This Apollo (H=24.9, D ~31 m) was discovered by the
ATLAS-HKO, Haleakala station on 2025 Nov 16.3 UTC (Hoegner
et al., 2025) and made an approach to within 8 LD of Earth on 2025
Nov 21.5 UTC. Photometry was collected over the nights of 2025
Nov 18, 19 and 20 for 3.0, 5.0 and 3.1 h respectively and
independent analysis of all three nights indicated very similar best-
fit periods of 0.0340 h (~2.0 min). The 4™ order period spectrum
combines the data from all three nights, covering periods from 45 s
to 10 min.
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Phased lightcurves are provided for the three nights, each aligned
so that the maximum of each curve is at phase = 0. As the phase
angle decreased over the three nights from 24° to 16° and then to
9°, as expected, the amplitude reduced, from 0.5 to 0.4 and then to
0.3 mags.

It is noted that there are seven distinct clusters of points evident in
the Nov 19 light curve. This pattern arises as a consequence of 9 of
the 12 observing sessions used 16 s exposures with an average
cadence of 17.6 s, within 1% of one-seventh of the 122.5 s rotation
period. In 7 of those 9 sessions, the gap between consecutive
sessions was also close to an integer multiple of the cadence. As a
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result, 68% of the data points from that night fall into seven discrete
regions of the phased light curve. By contrast, the proportion of
images taken at that cadence on the other two nights was much
smaller, so little or no clustering is visible in those light curves.

During the sessions on Nov 18, 19 and 20, 2025 WA completed 87,
148 and 89 rotations respectively.
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2025 XF1. This was another ATLAS-HKO, Haleakala discovery of
an Apollo (H=28.0, D ~7 m), made on 2025 Dec 8.2 UTC (Hogan
et al., 2025). It approached Earth to 0.8 LD on 2025 Dec 13.0 UTC
and during its final approach photometry was obtained starting on
2025 Dec 12.75 UTC for 1 h, then after a gap of 1.9 h, for a further
2.4 h. Exposures were limited by the fast apparent motion to 3.6 -
4.7 s and a linearly plotted period spectrum covering periods from
10 s to 75 s reveals two sets of equally spaced minima, the stronger
in multiples of 0.0036 h (~12.9 s) and the other at multiples of
0.0048 h (~17.1 s), these two sets being indicative of very fast non-
principal axis rotation (NPAR), or tumbling.

2025 XF1
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Further analysis with the Dual Period Search function of MPO
Canopus located the best-fit NPAR periods as:

P1=10.0071866 = 0.0000001 h (~25.9 s)
P2 =0.0095075 £ 0.0000002 h (~34.2 s)

Lightcurves for these are given, labelled P1 and P2. 2025 XF1 faded
by approximately 0.16 mag more than predicted by an ephemeris
computed using a value of (G = 0.15) in the H/G system. This
systematic trend was removed by applying small zero-point
adjustments to each of the 35 observing sessions. The adjustments
had an RMS of 0.07 mag and were chosen to minimise the overall
scatter in the light curve. The excess fading may be due to changing
observing conditions or an incorrect assumed value of (G);
however, these zero-point adjustments do not materially affect the
determination of the NPAR solution. The strongest minimum in the
period spectrum, aside from those at integer multiples of P1/2 and
P2/2, occurs at P3 = 0.0147 h; however, the corresponding
frequency of P3 is simply a linear combination of the frequencies
of P1 and P2, where:

2/P1-2/P2 =1/P3

and P3 is therefore likely to be just an alias of the stronger P1 and
P2 periods.

It is expected that 2025 XF1 may be assigned a rating of PAR = -3
(NPA rotation reliably detected with the two periods resolved) on
the PAR scale defined in Pravec et al. (2005). The NPAR solution
indicates the full amplitude of the tumbling rotation is 1.0 mag and
during the 5.3 h that 2025 XF1 was under observation it completed
736 rotations of the P1 period and 556 of the P2 period.
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Integration Max Min
Number Name times  intg/Pd a/b Pts Flds
2025 UT6 7.7-11  0.161 1.5! 436 7
2025 WA 12-18  0.147 1.32 1806 29

2025 XF1 3.6-4.7 0.182° 1.4% 1083 35

Table I. 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 (Zappala et al., 1990), the number of
data points used in the analysis and the number of times the
telescope was repositioned to different fields. Note: 1 = Value
uncertain, based on phase angle > 40°, 2 = Value calculated for
2025 Nov 20 when phase angle was at a minimum, 3 =
Calculated using the shorter of the NPAR periods.
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S o.10f- ‘ ‘ll i i W20. https://www.minorplanetcenter.net/mpec/K25/K25W20.html
3 0.0 M"‘ | i \"1 Pup 12124
§ oo “i’ ¢ ik I ” il ;'”'i“‘h‘”' ) ‘ 14| 4 aas0-tanzf] Hogan, J.K.; Carvajal, V.F.; Fay, D.; Fazekas, J.B.; Fuls, D.C.;
- 2:‘;: l‘ diii” i I\H N ‘I ; hl " W\I" il hlw ||| M’ il 3 )| Gibbs, A.R.; Grauer, A.D.; Groeller, H.; Kowalski, R.A.; Larson,
§ ool ““' i I]} ! u 1 | IIII |H"‘ “ X/ ’; ::'ggigg | S.M.; Leonard, G.J.; Loewen, C.J.; Rankin, D.; Seaman, R.L.;
© orol B '“ W \u ::ggg:% i Shelly, F.C. and 12 c.olleagues (2025). “2025 XF1” MPEC 2025-
0.80 { u $ 01212 X88. https://www.minorplanetcenter.net/mpec/K25/K25X88.html
0.90} i 53.3;.% 1355 §
Loor JDo(LTC): 2461022.251665 _ Period: 0.0095075 £ 0.0000002 h Amp: 0.4 | JPL (2025). Small-Body Database Lookup.
000 010 020 030 040 050 060 070 080 090 1.00 https://ssd jpl.nasa.gov/tools/sbdb_lookup.html
Number Name yyyy mm/dd Phase Lras  Bras Period(h) P.E. Amp A.E PAR H
2025 UT6 2025 10/26-10/26 49.2,48.0 48 20 0.019025 0.000002 1.0 0.2 24.8
2025 WA 2025 11/18-11/18 24.7,23.8 44 2 0.034024 0.000007 0.5 0.3 24.9
2025 11/19-11/20 16.0,14.3 50 -1 0.034030 0.000003 0.4 0.2
2025 11/20-11/20 *8.9, 8.6 56 -3 0.034034 0.000007 0.3 0.2
2025 XF1 2025 12/12-12/12 50.1,56.8 65 22 0.0071866 0.0000001 0.6 0.3 -3 28.0
0.0095075 0.0000002 0.4 0.3

Table Il. 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). Amplitude error (A.E.) is calculated as V2 x (lightcurve RMS residual). PAR is the expected Principal Axis Rotation
quality detection code (Pravec et al., 2005) and H is the absolute magnitude at 1 au from Sun and Earth taken from the Small-Body

Database Lookup (JPL, 2025).
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1636 Porter 58 150 6015 Paularego 41 133

L. . . . .. 1708 Polit 58 150 6198 Shirakawa 41 133

Thl_s list gives those aster01d§ in this issue for 1717 Arlon 51 143 6422 Akagi 33 125

which  physical ~ observations  (excluding 1818 Brahms 66 158 6441 Milenajesenska 41 133

astrometric only) were made. This includes 1912 Anubis 30 122 6514 Torahiko 28 120

]ightcurves’ color index, and H-G 1942 Jablunka 66 158 7223 Dolgorukij 41 133
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edynski okrouhlic

resu!ts are reported due to a. lack of or poor- 2019 VanyAlbagla 58 150 7653 1991 UV ! 41 133
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of the paper mentioning the asteroid. EP is the 2098 zyskin 66 158 7842 TIshitsuka 47 139

“go to page” value in the electronic version. 2125 Karl-Ontjes 66 158 7842 Ishitsuka 66 158

2326 Tololo 58 150 8345 Ulmerspatz 41 133

Number Name Page EP 2387 Xi'an 22 114 8556 Jana 20 112

85 1Io 47 139 2411 Zellner 41 133 8556 Jana 66 158

147 Protogeneia 58 150 2451 Dollfus 10 102 11564 1993 FU41 66 158

152 Atala 58 150 2484 Parenago 7 99 11861 Teruhime 56 148

168 Sibylla 3 95 2600 Lumme 56 148 11865 1989 sSC 41 133

317 Roxane 58 150 2684 Douglas 30 122 16009 1999 CM8 66 158

360 Carlova 58 150 2893 Peiroos 15 107 18108 2000 NT5 41 133

418 Alemannia 58 150 2990 Trimberger 24 116 19122 Amandabosh 51 143

427 Galene 58 150 3149 Okudzhava 41 133 19379 Labrecque 41 133

571 Dulcinea 4 96 3159 Prokof'ev 30 122 21122 1992 YK 41 133

585 Bilkis 58 150 3237 Victorplatt 66 158 22445 1996 TT14 41 133

670 Ottegebe 58 150 3667 Anne-Marie 56 148 23576 1995 DZ3 51 143

675 Ludmilla 58 150 3807 Pagels 7 99 24641 Enver 51 143

679 Pax 58 150 3918 Brel 41 133 26328 Litomysl 56 148

702 Alauda 6 98 4217 Engelhardt 41 133 26471 Tracybecker 13 105

757 Portlandia 58 150 4382 Stravinsky 26 118 34459 2000 sc91 41 133

794 Irenaea 58 150 4382 Stravinsky 47 139 35539 1998 FJ91 66 158

909 Ulla 58 150 4391 Balodis 41 133 35663 1998 QTS50 41 133

922 Schlutia 47 139 4460 Bihoro 53 145 57518 2001 SB286 53 145

934 Thuringia 58 150 4510 Shawna 1 93 65127 2002 CG63 66 158

940 Kordula 47 139 4583 Lugo 10 102 165991 2001 YL149 71 163

994 Otthild 47 139 4583 Lugo 47 139 612356 2002 JX8 51 143

995 Sternberga 47 139 4583 Lugo 66 158 2024 QS 35 127

1068 Nofretete 66 158 4602 Heudier 53 145 2025 FA22 37 129

1069 Planckia 58 150 4807 Noboru 38 130 2025 FA22 51 143

1146 Biarmia 53 145 4875 Ingalls 41 133 2025 UT6 72 164

1346 Gotha 38 130 5256 Farquhar 66 158 2025 WA 72 164

1354 Botha 28 120 5480 1989 YKS8 56 148 2025 XF1 72 164
1453 Fennia 47 139 5498 Gustafsson 41 133
1551 Argelander 38 130 5505 Rundetaarn 47 139
1586 Thiele 30 122 5705 Ericsterken 41 133
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