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For the asteroid (37652) 1994 JS1 the absolute (R band)
magnitude and slope parameter was determined from the
photometric data: Hr = 14.47 + 0.02 mag, G = 0.25 +
0.04. The slope parameter value is consistent with a
medium albedo asteroid.

Photometric data, acquired independently from the authors, for the
asteroid (37652) 1994 JS1 (Marchini et al., 2019; Noschese et al.,
2019) was used for the H-G parameters determination using the H-
G calculator function implemented in MPO Canopus.

For each measured lightcurve, we determined the half peak to
peak R magnitude, using a 2nd order Fourier fit model (Buchheim,
2010). We found an absolute magnitude in R band, Hr = 14.47 +
0.02 mag and a slope parameter G = 0.25 + 0.04, that is
compatible with a medium albedo asteroid (Lagerkvist et al. 1990;
Shevchenko et al. 1998). The H value in V band was derived
adding a color index V-R = 0.45 to Hr, obtaining H = 14.92 + 0.05
mag, somewhat fainter compared to published values by Veres et
al. (2015; 14.45 mag) and by Nugent et al. (2016; 14.59 mag).
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ROTATION PERIOD FOR 1711 SANDRINE
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CCD photometric observations of the outer main-belt
asteroid 1711 Sandrine were performed over eight nights
between 2019 February 23 and March 31. A synodic
rotation period of 33.02 £ 0.02 h and lightcurve
amplitude of 0.19 + 0.05 mag were found.

The minor planet 1711 Sandrine (=1909 DJ = 1935 BB = 1938
SF1 = 1943 QE = 1949 WF = 1951 CX1 = 1952 HG1 = 1956 AH
= 1956 AW = 1956 DC = 1959 TR = 1959 UH) is a member of
the Eos family. It was discovered at Uccle on 1935 January 29 by
E. Delporte and named in honor of a grand-niece of Uccle
astronomer G. Roland. [Ref: Minor Planet Circ. 6832]. A search
of the asteroid lightcurve database (LCDB, Warner et al, 2018)
indicates no previous reported rotation period for this asteroid.

All observations were performed at the Studios Observatory,
Grantham, U.K. (Z52) using a Meade 0.36-m LX200 ACF OTA
operating at f/7 and a Takahashi FS-102 10-cm f/8 refractor as a
guide scope. The OTAs are mounted on a Paramount MEII robotic
mount. The 0.35-m OTA is equipped with Moonlite CSL 2.5-inch
large format motorized focuser, Astro Physics AP CCDT67 focal
reducer, and a QSI 683 cooled CCD camera (binned 2x2). An
Astrodon Clear (UV blocking only) filter was used for all
observations. All guiding was carried out using a ZWO
ASI1600M-Cooled CMOS camera binned 2x2. The main imaging
QSI 683 CCD is based on a Kodak KAF-8300 sensor with square
3326x2504x5.4 pm pixels. The image scale after 2x2 binning was
0.88 arcsecs/pixel.

TheSkyX Professional software (Software Bisque) was used for all
telescope, focuser, camera control, and guiding. This software was
also later used to calibrate all science images using bias, dark,
dark-for-flat, and flat-field frames. All flat-field images were
taken at the end of the observing sessions using a wall-mounted
whiteboard illuminated by an Ad4-size electroluminescent (EL)
panel. A recent library of bias, dark and dark-for-flat frames was
used in the calibration process, no scaling of dark frames was
necessary.

All data processing of the calibrated images and subsequent period
analysis was performed using MPO Canopus (BDW Publishing
2018). Differential photometry measurements were performed
using the Comp Star Selector (CSS) and Star-B-Gone procedures
of MPO Canopus. The asteroid and up to five solar-like stars were
used for all photometric comparisons. The KAF-8300 sensor has a
peak spectral response in the green visual band so V band
magnitudes and V-R colour indexes were used throughout the data
processing. Even though the target declination remained below
+20 deg, which favored the APASS catalog (Henden et al. 2009),

the sparse star field surrounding the target required the MPOSC3
catalogue to be used for all plate solving (auto-match) and
photometric reductions. The asteroid’s magnitude ranged from
V = 15.5-16.3 during the observing period. Period analysis used
the Fourier analysis algorithm (FALC) developed by Alan Harris
(Harris et al. 1989).

CCD photometric observations were performed over eight nights
between 2019 February 23 and 2019 March 31. A total of 53
hours 48 minutes of observation resulted in 698 data points for
analysis. All likely periods from 1 hour onwards were examined.
The rotation period was found to be 33.02 + 0.02 h with amplitude
0f 0.19 + 0.05 mag.

The observing schedule is summarized in Table I. Table II
provides an overview of the results. Individual raw lightcurves are
shown for each observing run along with a period spectrum and
final phased plot. All new data were deposited in the ALCDEF
database.

2019 mm/dd Dur Pts Exp Phase Lpag  Bras
02/23 1:28 21 180 4.51 142.6 2.4
02/24 9:36 149 240 4.94 142.6 2.4
02/25 9:40 126 240 5.29 142.6 2.5
02/26 9:45 115 240 5.65 142.6 2.5
02/27 9:10 123 240 6.00 142.6 2.6
03/28 6:37 83 240 14.26 143.2 3.5
03/29 6:12 67 240 14.46 143.3 3.5
03/31 1:20 14 240 14.83 143.4 3.6

Table I. Observing schedule for 1711 Sandrine. Dur is duration of
session (h:mm). Pts is the number of data points. Exp is the
exposure in seconds. The phase angle and phase angle bisector
(Harris et al., 1984) values are for mid-session.
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Number Name 2019 mm/dd Phase

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

LPAB BPAB

1711 Sandrine 02/23-03/31 4.51,14.83

143 3 33.02 0.02 0.19 0.02 MB-0

family/group (Warner et al., 2009). MB-O: Outer main-belt.

Table Il. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. Lpag and
Beas are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid
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We present an analysis of the rotation period of 5351
Diderot. We found a period of P = 9.99 + 0.01 h by
using data collected on five nights of observations
between April 19th and April 24th. Our result
independently confirms the recent finding by Marchini
et al. (2019) who found a period of P = 9.984 + 0.003 h.

5351 Diderot is a main-belt asteroid with a diameter of about 3.7
km, a major semi-axis of a = 2.426 AU, an eccentricity of e =
0.14, and an inclination of i = 5.60 deg. Its rotation period was
unknown until recent years: its only measurement was completed
in the last months, when Marchini et al. (2019) found P = 9.984 +
0.003.

We have observed Diderot from the Osservatorio Astronomico
Salvatore di Giacomo (OASDG), Agerola (MPC code L07) on
five consecutive nights from April 19th to April 24th 2018, see
Table 1. Observations were conducted with a 0.50-m Ritchey—
Chrétien telescope operating at {/8. The telescope is equipped with
an FLI-PL4240 CCD camera with an array of 2048x2048 pixels
of 13.5 micron size, and with a Rc filter. All the images have been
astrometrically calibrated and corrected for the Dark frame and
normalized by a Flat Field image. A total of 384 light curve data
points have been collected on the five nights, with an exposure
times of 180 s for each single data point.

This observational campaign was part of the PIIISA project
(http://www.piiisa.es) sponsored by the Spanish MINECO, the
Junta de Andalucia, the Universidad de Granada and the CSIC.
The project consists in initiating young students to Astronomy
through a direct contact with people working in an astronomical
research and through a direct contact with the data analysis. Three
student groups have been established and each analyzed
independently the photometric data of 5351 Diderot, in search of
its rotation period. The data analysis was coordinated by two
astronomers (L. Izzo and S. de Franciscis, both at the IAA/CSIC)
with the support of the staff of the OASDG. The software
CANOPUS was used for the photometry (using up to five stars
with near-solar colors and the ‘comp-star selector’ tool), and the
search for the period using the FALC Fourier analysis algorithm.
Finally, from each single power spectrum obtained by each group,
we have derived a final average power spectrum and consequently
the best measurement of the period through the minimization of
the RMS value. All the three groups found the same rotation
period of P =9.99 + 0.01 h, then it was trivial to conclude that the
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best-fit rotation period of 5351 Diderot is P = 9.99 + 0.01 h, see
Fig. 1. Our result confirms the recent finding of Marchini et al.
(2019) for the rotation period of 5351 Diderot.
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Fig.1 The best period of P = 9.99 + 0.01 h found in one of the three
independent analysis mentioned in this work
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Fig.2 The distribution of the RMS value as function of the Diderot
period (in hours) obtained in one of the three independent analysis.

Number Name

2018 mm/dd Pts Phase

Lpas Bpag  Period(h) P.E. Amp

5351 Diderot 04/19-04/24 384

5.00/4.47

213.6 6.9 9.99+0.01 0.01 0.49

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date.
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A MODEL OF MINOR PLANET NUMBER
DISTRIBUTIONS: VISUAL OBSERVATIONS

Andrew Salthouse
560 Heritage Road
Millington NJ 07946 USA
asalthouse@hotmail.com

(Received: 2019 May 8)

In two earlier papers (Salthouse 2019a, 2019b) the
author noted two specific patterns of minor planet
number distributions within a large set of visual
observations. These patterns revealed a strong
relationship between the minor planet numbers and the
total number of objects observed. The author introduces
a probability model to explain this behavior.

The author visually observed over 2900 distinct minor planets, and
found stable relationships among the minor planet numbers in the
data. These relationships were reported earlier (Salthouse 2019a,
2019b). A probability model is introduced to explain these
relationships; it is based entirely on the author’s own data. As
such, it is unique to his circumstances, but he is sharing it here
since other visual observers may find similar patterns.

Let N be the total number of distinct objects observed, Q be the
number of minor planets seen with assigned number n <N, and let
P2s, Pso, and pss be the 25M 50t (median), and 75™h percentile
points of the distribution of observed values of n (whether less
than or greater than N).

The specific findings were (for a fixed telescope aperture):

*  The ratio of Q/N tended to an asymptote at large N
*  The ratios p,s/N, pso/N, and p;s/N also tended to
asymptotes at large N

These imply that the distribution of observable minor planet
numbers expands in direct proportion to N. As N increases, the
values of pys, pso, and p7s increase proportionally, implying that
the entire distribution scales, with the possible exception of the
tails; that is, both the median and width increase proportionally.

The percentile distribution is an outcome of the probability
distribution of observing these objects. The probability of
observing a given minor planet depends to a large extent on its
visual magnitude. The shape of the distribution of observable
minor planet numbers for a given value of N has implications for
the probability distribution, and therefore for the magnitude
distribution.

Model Rationale

In an effort to explain the data, the author developed a probability
model that replicates much of this effect. He used a deductive
approach building up from the raw data to see if the observed
patterns can be replicated, rather than an inductive approach
working backward from the patterns. This probability function is
unique to each observer’s equipment and circumstances. Such a
model is necessarily heuristic since there is no fundamental
physical principle that ties observability to minor planet number.

In the two earlier papers (Salthouse 2019a, 2019b) the author
showed the results of his observations in bins of 100 each for the
variable N. However, in the approach used here, the author

proceeds by using bins of 100 each for the variable n, not N. The
distinction is important; whereas there are only 29 bins for N,
there are a much larger number of bins for n, since n can reach
very large numbers. Binning “n” rather than “N” simplifies the
analysis. The bin size of 100 was selected as a compromise
between smaller bins (with more noise in the parameter estimates)

and larger bins (too few data points for good model fits).

There will be 100 distinct objects in each bin. We do not need to
model the observability of each individual minor planet; we only
need to model the average observability of the entire bin. We label
the bins using k =1, 2, 3, etc.

The values of k can run up to several thousand, but the author cut
off the analysis at k = 100 (n = 10,000) since the data above that
threshold was very sparse and represented only 6% of total
observations. As one continues to observe and add more objects to
the set of observed minor planets, each bin will gradually fill up.
As each bin fills, there are fewer objects available to observe in
that bin. Since the lower numbered objects tend to be brighter, the
lowest numbered bins will fill the fastest, so that subsequent
objects must come from higher bins. This drives the shape of the
distribution higher as more objects are added to the total. Thus the
median value of n necessarily increases as more objects are added
to the total. The key is to understand why this increase is linear. In
this paper, the goal is to derive the probability distribution of each
bin and show that this leads to a linear relationship at the
aggregate level, consistent with the two sets of findings described
above.

Development of Bin Parameters

The data strongly suggested two primary effects. First, many of
the bins contain minor planets that are beyond the reach of the
author’s equipment; each bin can be characterized by a bin size
that is generally less than 100. The parameter S(k) < 1 represents
the proportion of the k™ bin that is observable in principle, so that
the effective bin size is 100S(k). Second, the probability of
observing an object within a given bin is lower for higher
numbered bins than for lower numbered bins, on average. The
parameter P(k) represents the relative probability of observing an
object in bin k, with bin k = 1 normalized to unity.

Using his raw data, the author estimated S(k) and P(k) for the first
30 bins. Next, using statistical modeling and experimenting with
different forms, he developed nonlinear models that reproduced
these estimates with minimal variance. The parameters in these
models are unique to the author’s telescope and observing site.
Other observers would likely find different parameter values, but
the overall shape of the models should be similar. The author
found the following closed form models:

S(k) = 1/(1+p(k-1)) (1)
where = 0.000077 and 3 = 3.045

P(k) =k* )
where o = 1.380

These are purely phenomenological forms. Figures 1 and 2 show
the data and the fitted models for S(k) and P(k).

Recursive Relation and Numerical Integration

Once the observable bin size and relative probability of each bin
has been estimated, the next step is to determine the rate at which
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the bins will fill up. The author developed a recursive difference
formula that expresses this idea. On any given observational
attempt, three factors will come into play:

*  The available size of each bin

*  The relative probability of observing objects in each bin

*  The proportion of the bin that is not yet filled by
previous observations

Fraction S(k) of Each Bin Visible, vs k
100% I—W
60%

=4==Data
—#—Model
20% —
0%

1 4 7 0 13 16 19 22 25 28 31 34 37 40

Figure 1. Fraction of each bin potentially visible in author’s
telescope vs k (x-axis)

Relative Probability P(k) of Each Bin, vs k
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1 4 7 0 13 16 19 22 25 28 31 34 37 40

Figure 2. Relative probability of observing objects in each bin in
author’s telescope vs k (x-axis)

The first two factors are expressed by the Eqs. (1) and (2). The
third factor will be a function of both k (the bin number) and N
(the number of observations); we use the notation F(k,N) to
represent the fraction of the bin k that has been filled after N
observations. N represents total observations across all bins. Note
that N represents successful observations, because unsuccessful
attempts at observation have no impact on the functions defined
below. Since P(k) is a relative probability, the probability
distribution across all bins needs to be renormalized to 1. On the
(N+1)™ observational attempt, a fraction F(k,N) of bin k will be
filled, leaving [1 — F(k,N)] available for observing. Thus the
relative probability of observing an object in bin k will be the size
of the bin S(k) multiplied by the relative probability of objects in
that bin P(k), multiplied by the proportion of the bin not yet filled
[1-F(k,N)]; this represents the incremental probability of finding a
minor planet in bin k. We call this incremental factor I(k,N):

I(k,N) = S(k)P(k)[1-F(k,N)] 3)
The normalization factor is

T(N) = ¢ I(k,N) C))
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Thus, the actual probability m(k,N) of observing an incremental
object in the k™ bin on the (N+1)™ observation is

1(k,N) = I(k,N)/T(N) 5)

This will sum to 1 across all bins. The rate AF(k,N) at which bin k
will fill up is then given by

AF(k,N) = T (k,N) /(100S(k)) (6)

The denominator is the effective bin size. This leads to a recursive
relationship that can be solved by iteration:

F(k,N+1) = F(k,N) + AF(k,N) 7

The boundary condition is F(k,0) = 0 for each k. The author used
numerical integration, starting at N = 0 and integrating up to
N = 2500 in 500 steps of 5; the integration included the full range
of k from 1 to 100. At each step of the process, he solved for
I(k,N), T(N), n(k,N), AF(k,N), F(k,N), Q(N), and the mean and
median value of k. The mean and median value of n can be
derived from that of k.

Because this is a probability model, it produces non-integer
solutions to the number of objects observed in each bin. This is
perfectly acceptable, as we are dealing with expected values.

Model Results

The results of the numerical integration were the mean(n), the 25,
50" and 75" percentiles of the distribution of n, and Q. Each of
these was plotted versus N. Figures 3 and 4 show the model output
for mean(n) and median(n) versus N in steps of 5. The
relationships were very nearly linear with R* = 0.995 for the mean
and R? = 0.999 for the median over the range N = 0 to 2500.

1800 Mean(n) (y-axis) vs N (x-axis)

1600 o’
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1200 /
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200
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O7 Q7 407 07 (&7 (&7 A0 &7 &
R R R e R R kAt

Figure 3. Model output of mean value of n versus N, in steps of 5 up
to 2500 (R® = 0.995)

1200 Median(n) (y-axis) vs N (x-axis)
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Figure 4. Model output of median value of n versus N, in steps of 5
up to 2500 (R® = 0.999)
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The model also produced linear results for the 25™ and 75"
percentile of n. The 25M 50™ and 75" percentiles of the
distribution each had R* = 1.000 in the smaller range of N = 400 to
2000. This is also true for many other points on the percentile
distribution.

However, the model has its limits. First, the functions S(k) and
P(k) are extrapolated from the first 30 bins to 100 bins, so the
formulae (1) and (2) might be an inadequate representation at
larger values of k. Second, due to the large bin size of 100, it does
a poor job of matching the observations for low N (below about
300-400). The author also encountered some computational issues
at N beyond 2500, as the values of F(k,N) asymptotically
approached 1 for many of the bins. Nevertheless it is quite
remarkable that a model with highly nonlinear input assumptions
leads to highly linear outputs as a result of the numerical
integration.

25th Percentile of n (y-axis) vs N (x-axis)

=+ Model

oo /
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400 500 600 700 800 9S00 1000 1100 1200 1300 1400 1500 1600 1700 1800

Figure 5. Result of the model output of 25" percentile of n versus
observational data

50th Percentile of n (y-axis) vs N (x-axis)
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Figure 6. Result of the model output of 50" percentile of n versus
observational data
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Figure 7. Result of the model output of 75" percentile of n versus
observational data

Note that the mean curves upward slightly at higher N, as it is
impacted more by higher numbered bins than is the case for the
median. Figures 5 through 7 show the 25" 50M and 75"
percentile points of the model distribution compared to the
author’s data from N = 400 to 1800 in steps of 50. From these

graphs it is clear that the model accurately reproduces the 50™
percentile of the observed distribution of n, but understates the
25™ and mostly overstates the 75" percentile distribution of the
observed values of n. Thus, although the model matches the center
of the distribution, it tends to overstate the true width of the
distribution.

Nevertheless, the author believes that this probability model
captures the essential dynamics of the observational results rather
well.

Finally, the author compared the model output of the variable Q to
the observational data, as shown in Figure 8. Here the model
slightly understates the data for Q.

Value of Q (y-axis) vs N (x-axis)
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Figure 8. Result of the model output of Q versus observational data

The author performed a sensitivity analysis on some of the model
parameters. He found that a slightly higher value of a in formula
(2) improved the match between model and data in figures 7 and
8, but worsened the fit in figure 2, while having little effect on
figures 5 and 6. The higher percentage points of the distribution
were more sensitive to changes in o than were the lower points of
the distribution. The author found that P(k) was the most difficult
function to estimate from the raw data, so it is entirely possible
that he has underestimated the value of a. However, the author
prefers working forward from the data, rather than backward from
the desired answer.

The model is based entirely on the author’s visual observations
collected over a period of many years. With somewhat different
model parameters, it may also reproduce the key effects of other
visual observers. The overall structure of this model, with suitable
modifications, might even apply to the results from nonvisual
observations.
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We present photometric optical lightcurves and derived
rotation periods for a sample of six asteroids: 767
Bondia (8.3402 + 0.0007 h), 1229 Tilia (7.0353 =+
0.0005 h), 1475 Yalta (28.29 £ 0.01 h), 4807 Noboru
(4.0415 £ 0.0005 h), 6582 Flagsymphony (70.288 =+
0.024 h), and 7305 Ossakajusto (15.3838 £ 0.0003 h).
These observations were carried out at the Observatorio
Astronémico Nacional at Sierra San Pedro Martir
(OAN-SPM), Baja California, México and at the Carl
Sagan Observatory (OCS) of the Universidad de Sonora,
México.

As part of the Mexican Asteroid Photometry Campaign (CMFA in
Spanish), we obtained photometric data during the second half of
2018 for six main-belt asteroids: 767 Bondia, 1229 Tilia, 1475
Yalta, 4807 Noboru, 6582 Flagsymphony and 7305 Ossakajusto.
Our observations were carried out at two observatories: the
Observatorio Astronémico Nacional in San Pedro Martir (OAN-
SPM), Baja California, México, and the Carl Sagan Observatory
(OCS) of the Universidad de Sonora, México.

Observations at the OAN-SPM were carried out with the 0.84-m
f15 Ritchey-Chretien telescope and a 2048x2048 pix E2V-4240
cryogenic CCD, operating at a temperature of —110 °C. Images
were generally binned 2x2 with a final field of view of 9x9
arcmin. The equipment used at the OCS was a 3056x3056x12 um
Apogee Alta F9000 CCD camera mounted on a Meade LX-
200GPS 0.41-m f/10 telescope. Images were trimmed to a
subframe of 2000x2000 pixels and were generally 3x3 binned
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yielding a final plate scale of 1.8 arcsec/pix and an effective
20x20 arcmin FOV. Data reduction was made with IRAF or
MaximDL following standard procedures to correct for bias, dark
current and flat-field effects. Photometry and lightcurve analysis
were made using MPO Canopus (V.9.5.0.14, Warner, 2017)
software package, which allowed us to obtain the synodic period
for each object.

767 Bondia is a main-belt asteroid. It was discovered in 1913 by
J.H. Metcalf (Schmadel, 2003). It has a diameter of 45.3 km, an
absolute magnitude H = 10, and an albedo of 0.09 reported by Ali-
Lagoa et al. (2016). It has an estimated rotation period of > 60 h,
with an approximate 30% error, reported by Szabd et al. (2016).
We observed 767 Bondia during on three nights, 2018 October 20,
21, and 22 at the OAN-SPM. Based on these data, we obtained a
quite nice lightcurve consisting of 1169 points and determined a
period of 8.3402 + 0.0007 h with an amplitude of 0.27 + 0.02 mag.

Phased Plot: 767 Bondia
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1229 Tilia is an outer main-belt asteroid discovered in 1931 by K.
Reinmuth (Schmadel, 2003). It has a reported absolute magnitude
of H=11.3 (Usui et al., 2011; Mainzer et al., 2011; Ali-Lagoa et
al., 2013, 2016; Veres et al., 2015; Mainzer et al., 2016) and
diameter estimates of 27.57 km (Usui et al., 2011) to 29.1 km
(Ali-Lagoa et al., 2016). Its reported albedo values are 0.086 (Usui
etal., 2011) and 0.06-0.069 (Mainzer et al., 2011, 2016; Ali-Lagoa
et al., 2013, 2016). Noschese et al. (2019a) and Kinglesmith and
Lovato (2019a) reported rotation periods of 7.0355 + 0.0007 h and
7.035 £ 0.001 h, respectively. We observed this object for five
nights, 2018 August 18, 19, 20, 21 and 22, at the OAN-SPM. Our
derived lightcurve allowed us to estimate a period of 7.0353
+0.0005 h with a peak-to-peak amplitude of 0.29 + 0.03 mag,
which is in very good agreement with the values mentioned above.

Number Name 2018 mm/dd Phase Lpas Bpas Period(h) P.E. Amp A.E. Grp
767 Bondia 10/20-10/22 4.5,3.7 36 -2 8.3402 0.0007 0.27 0.02 THM
1229 Tilia 08/18-08/22 8.8,7.3 345 1 7.0353 0.0005 0.29 0.03 THM
1475 Yalta 11/26-12/23 5.9,19.4 57 -4 28.29 0.01 0.20 0.04 FLOR
4807 Noboru 12/19-12/30 1.0,0.4 88 1 4.0415 0.0005 0.18 0.03 MB-I
6582 Flagsymphony 10/16-11/11 2.3,12.8 27 -1 70.288 0.024 0.21 0.03 MB-O
7305 Ossakajusto 06/23-09/14 22.0,17.0 318 3 15.3838 0.0003 0.23 0.03 MB-O

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. Leag and
Beas are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid
family/group (Warner et al., 2009) FLOR:Flora; THM: Themis; MB-I/O: Main-belt inner/outer.
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Phased Plot: 1229 Tilia
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1475 Yalta. This main-belt asteroid was discovered by P.F. Shajn
in 1935 (Schmadel, 2003). While a search in the literature did not
find a reported diameter value for this object, its absolute
magnitude A = 13.1 + 0.2 is reported by Veres et al. (2015). There
are two reported period values: 70.77 + 0.05 h (Polakis and Skiff,
2019) and 36.62 + 0.01 h (Noschese and Vecchione, 2019b). We
carried out observations during nine nights at the OCS: 2018
November 26, 28, 29 and December 2, 10, 13, 14, 18, and 23,
obtaining a total of 735 points. With these data, we derived a
rotation period of 28.29 £ 0.01 h with an amplitude of 0.20 £+ 0.04
mag. We can see that our period value is closer to the value
reported by Noschese and Vecchione (2019b).

Phased Plot: 1475 Yalta
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4807 Noboru is a main-belt asteroid. It was discovered in 1991 by
T. Kobayashi at the Oizumi Observatory (Schmadel, 2003). It has
an absolute magnitude of H = 13.5 (Mainzer et al., 2011) to
H =14.18 (Veres et al., 2015). An albedo of 0.321 + 0.066 and a
diameter of 4.682 + 0.558 km are reported by Mainzer et al.
(2011). Rotation period values are reported by Zeigler et al. (2019,
4.04 + 0.02 h) and Kinglesmith and Lovato (2019b, 4.044 + 0.002
h). We observed 4807 Noboru during three nights, 2018 December
19, 29 and 30. With these data we determined a rotation period of
4.0415 £ 0.0005 h with an amplitude of 0.18 + 0.03 mag, which is
consistent with previous values.

Phased Plot: 4807 Noboru
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6582 Flagsymphony is a main-belt asteroid discovered by E.
Bowell in 1981 (Schmadel, 2003). Its albedo of 0.03 + 0.02,
diameter of 18.42 + 5.99 km, and absolute magnitude # = 13 were
reported by Nugent et al. (2016). A rotation period value of 113.3
+ 0.2 h was reported by Polakis and Skiff (2019). Our data were
collected during ten nights: three at the OAN-SPM, 2018 October
17, 18, 19, and seven at the OCS, 2018 October 16, 17, 18,
November 6, 7, 8, and 11, giving a total of 1588 points. Based on
these data, we estimated a period of 70.288 + 0.024 h with an
amplitude of 0.21 £+ 0.03 mag. All our fits to the lightcurve yielded
a long period of about 70 h with poor phase coverage. Although
our period determination differs from that of Polakis and Skiff
(2019), both values suggest that we are dealing with a slow
rotator.

Phased Plot: 6582 Flagsymphony
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7305 Ossakajusto is a main-belt asteroid discovered in 1994 by K.
Endate and K. Watanabe and named after Justo Ossaka (Minor
Planet Circ. 33788). Its absolute magnitude is H = 12.1 (JPL
Small-Body Database) with an albedo of 0.049 + 0.004 and a
diameter of 23.779 + 0.999 reported by Masiero et al. (2012). A
search of the asteroid lightcurve database (LCDB; Warner et al.,
2009) as well the Astronomical Database (ADS), did not find any
synodic period value reported. Our photometric data were
obtained at the OAN-SPM during five nights, 2018 June 23, and
24, August 19, 21, and 22. Another set of observations were
carried out at the OCS during the nights of 2018 September 10, 11
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and 14. With a total of 511 points, we obtained a lightcurve and
determined a rotation period of 15.3838 + 0.0003 h with an
amplitude of 0.23 + 0.03 mag.

Phased Plot: 7305 Ossakajusto
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Lightcurve analysis using MPO Canopus was completed
by University of Maryland undergraduates and faculty.
Data for 2638 Gadolin were collected over four nights in
2019 April. We found the rotation period to be 7.2174 +
0.0149 h and the lightcurve amplitude to be 0.37 mag.

2638 Gadolin is situated within the asteroid main-belt and has a
diameter of 12.1 km. It was first observed on 1939 Sept 19 by Y.
Vaisala. It has an albedo of 0.284 and has an orbital period of 4.08
years. Its absolute magnitude is 11.8. (JPL, 2015)

Photometric observations of the asteroid were made on 2019 April
3, 6,9, and 12 using the T-17 Planewave CDK 0.43-m iTelescope
located at the Siding Spring Observatory in Siding Spring,
Australia. Images were taken with an exposure time of 300 s, a
binning of 1x1, and a luminance filter. The T-17 iTelescope uses
an FLI ProLine PL4710 CCD with a 13x13 pm pixel size and a
resolution of 0.92 arcsec per pixel. We took a total of 148 images;
out of those, 102 were considered usable for photometry.

Aperture and differential photometry calculations were made from
our data using the MPO Canopus software program. A Fourier
analysis was performed on our data which allowed us to determine
a rotation period with a reasonable uncertainty.
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The phased plot for our observed nights shows a very distinct
rotation period with minimal outlying data points. Because of the
quality of our data, we were able to determine that 2638 Gadolin
has a rotation period of 7.2174 + 0.0149 h. Other rotation periods

are possible; however, their fits produce higher RMS values when
additional steps are calculated. Furthermore, the data points did
not fit the curves of other potential rotation periods as well and left
substantial gaps between data points. These alternative rotation
periods yielded higher uncertainties, leading us to believe they
were unlikely candidates.
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During one rotation, the magnitude of the asteroid varied by 0.37
mag peak-to-peak. The large change in the amplitude leads us to
believe that 2638 Gadolin is oblong in shape. As of the most
recent version of the lightcurve database (LCDB; Warner et al.,
2009), no period for 2638 Gadolin has been published until now.
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Number Name 2019 mm/dd Phase

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

2638 Gadolin 04/03-04/12 6.6,7.2

194 -14 7.2174 0.0149 0.37 0.00 EUN

family/group (Warner et al., 2009). EUN: Eunomia.

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. LPAB
and BPAB are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid
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An observing campaign was conducted among teams at
the University of Maryland, College Park, and in Malta
to determine the rotation period of 3446 Combes during
2019 March and April. Lightcurve analysis using MPO
Canopus of the asteroid was conducted in order to
determine its rotation period. Using the eight nights of
data, 3446 Combes was found to have a rotation period
0f 5.6990 + 0.0005 h and an amplitude of 0.18 mag. The
University of Maryland team also observed four
additional asteroids that serendipitously appeared in the
images: (9410) 1995 BJ, (17780) 1998 FY13, (24491)
2000 YTI123, and 28341 Bingaman. These were
observed only one night each and only the raw data for
them are presented.

One site of observations was in the United States, by the
University of Maryland team. Five asteroids were observed using
an online telescope-sharing website called itelescope.net. The
telescope (T-21) is located in Mayhill, New Mexico at the New
Mexico Skies Observatory (iTelescope.net). It was used on 2019
April 4, 7, 10, and 25. The primary diameter of the telescope is
0.43 m, with a focal length of 1.94 m. The CCD camera had a
3072x2048x9um pixel array and a full well of 100,000 ¢". Each
image had an exposure of 300 seconds, used clear filter, and 1x1
binning. All images were processed with standard bias, dark, and
flat calibrations.

Other sites used to observe 3446 Combes were at the Flarestar
Observatory, Antares Observatory, and the Znith Observatory by
collaborators located in Malta. Images at the Flarestar Observatory
in Malta were taken using a 0.25-m SCT telescope with a
Moravian G2-1600/ KAF 1603ME CCD, and FOV of 25.5x17.0
arcmin. The pixel scale was 0.99 arcsec/pixel. Images taken at
Antares Observatory in Fgura Malta, used a 0.28-m SCT telescope
with a SBIG STL-11000/KAI-11000M CCD, and FOV of
45.9x30.6 arcmin. The scale was 1.37 arcsec/pixel. Images were
taken from the Znith Observatory in Naxxar, Malta, using a
0.20-m SCT telescope with a Moravian G2-1600/ KAF 1603ME
CCD, FOV 0f 30.0 x 20.0 arcmin and scale of 1.17 arcsec/pixel.
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There were no previous rotation periods reported for any of the
five asteroids based on a search through the lightcurve database
(Warner et al., 2009).

3446 Combes was first discovered on 1942 March 12 by K.
Reinmuth at the National Observatory for Homewaters -
Konigstuhl. Reinmuth named the asteroid after a French amateur
astronomer Michel-Alain Combes (Schmadel, 2006). The asteroid
has an orbital period of 3.66 yr, absolute magnitude A = 13.3, an
albedo of 0.144, and a diameter of 8.411 km (NASA, 2007).
Combes was observed across four days in New Mexico along with
four days from international collaborators in Malta, collecting a
total of 301 data points. The period was determined to be 5.6990 +
0.0005 h and an amplitude of 0.18 mag.
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9410) 1995 BJ1 was discovered on 1995 January 26 by
astronomer Takeshi Urata at the Ohira station of the Nihondaira
Observatory in Shimizu. The asteroid has an orbital period of 5.81
yr, absolute magnitude H = 12.6, and an albedo of 0.067 (NASA,
2007). 1995 BJ1 was observed on 2019 April 26 for a total of 21
images using the T-21 telescope. This is insufficient data to
conclusively yield a rotation period, thus the raw data are provided
for future analysis.

Raw Plot: (9410) 1995 BJ1
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(17780) 1998 FY13 was first discovered on 1998 March 24 by
Near Earth Asteroid Tracking (NEAT) from the station of Maui. It
has an orbital period of 5.195 yr and absolute magnitude A = 12.9
(NASA, 2007). The asteroid was observed on 2019 April 10 for a
total of 40 images using the T-21 telescope. This is insufficient
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data to conclusively yield a rotation period, thus the raw data are
provided for future analysis.
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(24491) 2000 YT 123 was discovered on 2000 December 28 at the
Magdalena Ridge Observatory in New Mexico through the
Lincoln Near-Earth Asteroid Research Project (LINEAR). The
asteroid has an orbital period of 5.91 yr and absolute magnitude
H = 13.8 with an unknown albedo (NASA). The asteroid was
observed on 2019 April 26 for a total of 21 images using the T-21
telescope. This is insufficient data to conclusively yield a rotation
period, thus the raw data are provided for future analysis.
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28341 Bingaman was first discovered on 1999 March 13
American astronomer Roy A. Tucker from Goodricke-Pigott
Observatory in Tucson. It is named after a graphic artist Kory
Bingaman. It has an orbital period of 4.94 yr and absolute
magnitude of A = 13.6 (NASA, 2007). We observed it on 2019
April 10 for a total of 40 images using the T-21 telescope. This is

insufficient data to conclusively yield a rotation period, thus the
raw data are provided for future analysis.

Raw Plot: 28341 Bingaman
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Number Name 2019 mm/dd Phase Lpas Bpas Period(h) P.E. Amp AE. Grp
3446 Combes 04/04-04/26 2.4,10.7 196 3 5.6990 0.0005 0.18 0.02 Vv
9410 1995 BJ1 04/26 7.6 195 3 - - - - THM
17780 1998 FY13 04/10 2.2 196 3 - - - - EOS

24491 2000 YT123 04/26 8.0 195 3 - - - - MB-0

28341 Bingaman 04/10 2.2 196 3 - - - - KOR

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. Lpag and
Beas are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid
family/group (Warner et al., 2009). KOR: Koronis; MB-O: Main-belt — outer; THM: Themis; V: Vestoid.
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Lightcurve analysis using MPO Canopus of multiple
nights of observations of 3816 Chugainov was unable to
produce a rotation period due to a lack of fluctuations in
the phased lightcurves.

We focused on finding a rotation period for 3816 Chugainov
through remote observation. A total of 158 usable images were
taken by the T17 telescope, a 0.43-m f/6.8 reflector, in Siding
Spring, Australia (MPC Code - Q62) between 2019 April 4 and
May 7. The CCD used was the FLI ProLine PL4710 which has a
resolution of 0.92 arcsec/pixel, a FOV of 15.5 x 15.5 arcmin, and
an array size of 1024x1024 pixels (iTelescope, 2018). Observation
settings included a clear filter, binning 1x1, and exposure time of
300 seconds.

Prior to any analysis, we checked the Asteroid Lightcurve
Database (LCDB; Warner et al, 2009) for any prior
determinations of a rotation period and found none.

3816 Chugainov, a main-belt asteroid, was discovered by Nikolai
Chernykh on 1975 November 8 at the Crimean Astrophysical
Observatory near Nautschnyj, Crimea (Enacademic, 2010). It is
12.323 km in diameter and has an orbital period of 4.21 years
(JPL, 2019).

MPO Canopus (Warner, 2018) was used to perform aperture and
differential photometry. This was used to generate a series of
phased lightcurves through Fourier analysis in an attempt to
determine a period for 3816 Chugainov. Unfortunately, the
analysis was inconclusive due to no significant fluctuations in the
differential magnitudes and the time baseline of the data proved to
be insufficient to determine a rotation period longer than typically
expected. Perhaps a longer observation period might yield better
results. The amplitude was approximately 0.06 magnitudes.

There are several possibilities to explain why we were unable to
determine a rotation period for 3816 Chugainov. It may have a
pole that is aligned or nearly aligned with our point of view, it
may be spherical in shape, with little variation in the cross-
sectional area over time, or it may simply just have a very long
period. The asteroid may also exhibit some combination of these
characteristics.
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One should note that the lightcurve presented here does not
represent the true period; it is simply the best way to present the
data that we obtained.
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Number Name 2019 mm/dd Phase

LPAB

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

BPAB

3816 Chugainov 04/04-05/07 7.7,16.4

194 -15 - - - - EUN

family/group (Warner et al., 2009). EUN: Eunomia.

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. Lpag and
Beras are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid
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LIGHTCURVE ANALYSIS AND Obs Scope Cam FOV Scale
ROTATION PERIOD OF 6372 WALKER arcmin “/pix
NMS 0.43-m CDK FLI PL6303 33x49 0.96
Melissa N. Hayes-Gehrke, Marley Berk, Abisola Fatodu, Bhargin DSFTA 0.32-m MC SBIG STL-6303 59x39  2.30
Kanani, Quinn Kropschot, Julia Marks, Ella Misangyi, Matthew WBRO  0.23-m SCT SBIG ST-8XME 14x10 1.60
Nguyen, Julie Stone, Joshua Suniga, FO 0.25-m SCT Moravian G2-1600 25x17  0.99
Michael Thompson, Matthew Vorsteg, Timothy Wagman A0 0.28-m SCT SBIG STL-11000 46x31 1.37
Physical Sciences Complex (415), Room 1113 Z0 0.20-m SCT Moravian G2-1600 30x20 1.17
4296 Stadium Dr. Table I. Equipment used for observations. Obs column: NMS: New
University of Maryland Mexico Skies. WBRO: Wild Boar. FO: Flarestar Obs. AO: Antares
College Park, MD 20742-2421 Obs. ZO: Znith Obs. Scope column: CDK corrected Dall-Kirkham;
mhayesge@umd.edu MC: Maksutov-Cassegrain; SCT: Schmidt-Cassegrain.
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From 2019 March-May, images of minor planet 6372
Walker were captured to investigate its rotation period.
Our analysis found a period of 44.25 +0.01 h.
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Number Name 2019 mm/dd Phase Lpas Bras Period(h) P.E. Amp A.E. Grp
6372 Walker 03/17-05/09 10.7,12.1 199 14 44 .25 0.01 0.19 0.03 MB-0

Table Il. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date. Lpag and
Beag are the approximate phase angle bisector longitude and latitude at mid-date range (see Harris et al., 1984). Grp is the asteroid
family/group (Warner et al., 2009). MBO: outer main-belt.
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Lightcurves for five Ls Jovian Trojan asteroids were
obtained at the Center for Solar System Studies (CS3)
from 2019 April to June.

CCD Photometric observations of five Trojan asteroids from the
Ls (Trojan) Lagrange point were obtained at the Center for Solar
System Studies (CS3, MPC U81). For several years, CS3 has been
conducting a study of Jovian Trojan asteroids. This is another in a
series of papers reporting data analysis being accumulated for
family pole and shape model studies. It is anticipated that for most
Jovian Trojans, two to five dense lightcurves per target at
oppositions well distributed in ecliptic longitudes will be needed
and can be supplemented with reliable sparse data for the brighter
Trojan asteroids. For most of these targets we were able to get
preliminary pole positions and create shape models from sparse
data and the dense lightcurves obtained to date. These preliminary
models will be improved as more data are acquired at future
oppositions and will be published at a later date.

Camera

FLI Proline 1001E
Fli Microline 1001E
Fli Microline 1001E

Telescope

0.40-m f£/10 Schmidt-Cass
0.40-m f£/10 Schmidt-Cass
0.35-m f£/10 Schmidt-Cass

Table I. List of telescopes and CCD cameras used at CS3.

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

Image processing, measurement, and period analysis were done
using MPO Canopus (Bdw Publishing), which incorporates the
Fourier analysis algorithm (FALC) developed by Harris (Harris et
al., 1989). The Comp Star Selector feature in MPO Canopus was
used to limit the comparison stars to near solar color. Night-to-
night calibration was done using field stars from the CMC-15 or
the ATLAS catalog (Tonry et al., 2018), which has Sloan griz
magnitudes that were derived from the GAIA and Pan-STARRS
catalogs, among others. The authors state that systematic errors are
generally no larger than 0.005 mag, although they can reach 0.02
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mag in small areas near the Galactic plane. BVRI magnitudes
were derived by Warner using formulae from Kostov and Bonev
(2017). The overall errors for the BVRI magnitudes, when
combining those in the ATLAS catalog and the conversion
formulae, are on the order of 0.04-0.05 mag.

Even so, we found in most cases that nightly zero point
adjustments for the ATLAS catalog to be on the order of only
0.02-0.03 mag were required during period analysis. There were
occasional exceptions that required up to 0.10 mag. These may
have been related in part to using unfiltered observations, poor
centroiding of the reference stars, and not correcting for second-
order extinction terms. Regardless, the systematic errors seem to
be considerably less than other catalogs, which reduces the
uncertainty in the results when analysis involves data from
extended periods or the asteroid is tumbling.

In the lightcurve plots, the “Reduced Magnitude” is Johnson V
corrected to a unity distance by applying —5*log (rA) to the
measured sky magnitudes with r and A being, respectively, the
Sun-asteroid and the Earth-asteroid distances in AU. The
magnitudes were normalized to the phase angle given in
parentheses using G = 0.15. The X-axis rotational phase ranges
from —0.05 to 1.05. The amplitude indicated in the plots (e.g.
Amp. 0.23) is the amplitude of the Fourier model curve and not
necessarily the adopted amplitude of the lightcurve. Targets were
selected for this Ls observing campaign based upon the
availability of dense lightcurves acquired in previous years. We
obtained two to four lightcurves for most of these Trojans at
previous oppositions. For brevity, only some of the previously
reported rotational periods may be referenced. A complete list is
available at the lightcurve database (LCDB; Warner et al., 2009).

To evaluate the quality of the data obtained to determine how
much more data might be needed, preliminary pole and shape
models were created for all of these targets. Sparse data
observations were obtained from the Catalina Sky Survey and
USNO-Flagstaff ~ survey  using  the  AstDyS-3 site
(hitp://hamilton.dm.unipi.it/asdys2/). These sparse data were
combined with our dense data as well as any other dense data
found in the ALCDEF asteroid photometry database
(hitp://www.alcdef.org/) using MPO LClnvert, (Bdw Publishing).
This Windows-based program incorporates the algorithms
developed by Kassalainen et al (2001a, 2001b) and converted by
Josef Durech from the original FORTRAN to C. A period search
was made over a sufficiently wide range to assure finding a global
minimum in % values.

2357 Phereclos. The synodic period found this year produced a
low amplitude, lightcurve with three extrema consistent with
rotational periods found in previous years (Mottola et al., 2011;
Stephens et al., 2016b; 2017; 2018). These data were combined
with our data from the last three years and available sparse data to
create a preliminary shape model with a sidereal period of
14.36221 £ 0.00001 h.

Number Name 2019 mm/dd Phase Lpas Bpas Period(h) P.E. Amp A.E.
2357 Phereclos 03/31-04/15 *2.5,0.9 201 1 14.449 0.003 0.15 0.02
2363 Cebriones 05/29-06/04 6.9,7.8 214 4 20.099 0.003 0.34 0.02
3451 Mentor 12/31-12/31 *6.9,7.8 0 0 7.6922 0.0004 0.31 0.02

12929 1999 Tz1 05/26-06/02 7.3,8.3 208 11 13.73 0.02 0.08 0.02
17492 Hippasos 05/12-05/21 5.7,6.5 219 25 17.699 0.006 0.40 0.03

date range (see Harris et al., 1984).

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 a minimum or maximum during the period. Lpag and Bpag are the approximate phase angle bisector longitude/latitude at mid-
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2363 Cebriones. Reliable rotational rates for this Trojan were
obtained three times in the past (Galad et al., 2008; Mottola et al.,
2011; Skiff et al., 2019), each time finding a period near 20.1 h.
The 2019 results are in good agreement.

Using sparse data from the Asteroids — Dynamic Site and the Skiff
data from the Asteroid Lightcurve Photometry Database, a
preliminary shape model with a sidereal rotational period of
20.09748 £+ 0.00001 h was created.
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3451 Mentor. Judging by the number entries in the LCDB, this is
one of the better-studied Trojans. All the results have been
consistently near 7.7 h. Among those rated U = 2+ are Melita et al.
(2010; 7.68 h), French et al. (2011b; 7.730 h), Mottola et al.
(2011; 7.675 h), and Stephens et al. (2014; 7.68 h). Our result of
7.6922 h is in good agreement.

This Trojan is obliging when it comes to trying to model its shape
and spin axis. It has shown lightcurves amplitudes ranging from
0.13 mag (Lppag = 59°) to 0.63 mag (Lpag = 167°). From this, the
spin axis should have an ecliptic longitude near 60° or 240°. This
is confirmed by our preliminary model with ecliptic coordinates of
AP = (255°, +60°) and sidereal period of 7.6966420 + 0.000002 h.
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(12929) 1999 TZ1. This Ls Jovian Trojan has been observed
several times in the past. Moullet et al. (2008) observed it in 2007
reporting a rotational period of 10.4 h from sparse data over 12
nights. The resulting lightcurve was a poor fit. Over seven nights
in 2009, Mottola et al. (2011) used sparse data and found a
rotational period of 9.2749 h with a single extremum. Thirourin et
al. (2010) used sparse data over six nights in 2007 to find two
ambiguous periods, a bimodal 5.211 h period and a 10.422 h
period with four extrema. Both lightcurves show scatter equal to
the 0.07 mag. amplitude.
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The results in 2019 are from a much denser dataset but still result
in an ambiguous solution. Our preferred solution and the one
adopted for this paper is 13.73 h which is a 3:4 alias of the
previously reported 10.4 h period. A 19.26 h rotational period also
produces a bimodal solution. Both solutions are low amplitude.
1999 TZ1 is yet another example of the problems involved in
trying to use sparse observational data to determine low amplitude
lightcurves.

17492 Hippasos. We observed this Trojan once before (Stephens
and Warner, 2014) and found a synodic rotational period of
17.75 h. This 2019 result is in good agreement. Using sparse data
from the Asteroids — Dynamic Site, we were able to create a
preliminary shape model with a sidereal rotational period of
17.71126 £ 0.00001 h.
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We present shape and spin axis model results for main-
belt asteroid 131 Vala. The model was achieved with the
lightcurve inversion process, using combined dense
photometric data acquired from four apparitions,
between 2007-2018 and sparse data from USNO
Flagstaff. Analysis of the resulting data found a sidereal
period P = 5.180810 + 0.000023 h and two mirrored
pole solutions at A = 54°, B = 29° and A = 243°, f = 30°
with an uncertainty of + 15 degrees.

We report that minor planet 131 Vala was recently observed in
order to acquire data for lightcurve inversion work (Franco et al.,
2019). A search in the asteroid lightcurve database (LCDB;
Warner et al., 2009) shows many entries, covering a wide range of
phase angle bisectors. Dense photometric data were downloaded
from ALCDEF (ALCDEF, 2019) and sparse data instead were
taken from the Asteroids Dynamic Site (AstDyS-2, 2018).

The observational details of the dense data used are reported in
Table I with the mid date of the observing campaign, longitude
and latitude of phase angle bisector (Lras, BpraB).

Reference Mid date PABL°® PABB°®
Pilcher (2008) 2007-10-22 48 -2
Pilcher (2009) 2009-02-18 167 7
Pilcher (2017) 2017-06-04 231 1
Franco et al. (2019) 2018-09-28 6 -6

Table |. Observational details for the data used in the lightcurve
inversion process for 131 Vala.

Lightcurve inversion was performed using MPO LClnvert
v.11.7.5.1 (BDW Publishing, 2016). For a description of the
modeling process see LClnvert Operating Instructions Manual
and Warner et al. (2017).

In order to find a better solution, we have also used sparse data
from USNO Flagstaff Station (MPC Code 689) in addition to the
dense data. Figure 1 shows the wide PAB longitude/latitude
distribution for dense/sparse data used in the lightcurve inversion
process. Figure 2 (top panel) shows the sparse photometric data
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distribution (intensities vs JD) and (bottom panel) the
corresponding phase curve (reduced magnitudes vs phase angle).
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Figure 1: PAB longitude and latitude distribution of the data used
for the lightcurve inversion model.
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Figure 2: Top: sparse photometric data point distribution from (689)
USNO Flagstaff station (relative intensity of the asteroid's
brightness vs Julian Day). Bottom: phase curve obtained from
sparse data (reduced magnitude vs phase angle).
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Figure 3: The period search for 131 Vala shows two overlapping
sidereal periods with Chi-Sqg values within 10% of the lowest value.
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In the analysis the processing weighting factor was set to 1.0 for
dense data and to 0.3 for sparse data. The “dark facet” weighting
factor was set to 2.0 to keep the dark facet area below 1% of total
area and the number of iterations was set to 50.

The sidereal period search was started around the average of the
synodic periods found in the asteroid lightcurve database (LCDB;
Warner et al., 2009). We found two very close sidereal periods
within 0.000012 hours with a Chi-Sq value within 10% of the
lowest Chi-Sq (Figure 3). Of these was chosen the one with the
lowest Chi-Sq value.

The pole search was started using the “medium” option with the
previously found sidereal period set to “float”. From this step we
found two roughly mirrored lower Chi-Sq solutions (Figure 4)
separated by 180° in ecliptic longitude, (60°, 15°) and (240°, 30°).

The subsequent “fine” search that was centered on these rough
positions, allowed us to refine the position of the pole (Figure 5).
The analysis shows two clustered solutions of ecliptic longitude-
latitude pairs within 15° of radius that had Chi-Sq values within
10% of the lowest value.

The two best solutions (lowest two Chi-Sq values) are reported in
Table II. The sidereal period was obtained by averaging the two
solutions found in the pole search process. Typical errors in the
pole solution are + 15° and the uncertainty in sidereal period has
been evaluated as a rotational error of 30° over the total time span
of the dense data set. Figure 6 shows the shape model (first
solution) while Figure 7 shows the fit between the model (black
line) and some observed lightcurves (red points).

A° Be Sidereal Period (hours) RMS
54 29 0.0151
5.180810 + 0.000023
243 30 0.0153
Table 1l. The two spin axis solutions for 131 Vala (ecliptic

coordinates). The sidereal period was the average of the two
solutions found in the pole search process.

131 Vala

log(CS)

[ [/l =

Period: 5.18080908 hrs Log10(ChiSq) Range: 0.9608 - 1.8792 ChiSq Multiplier: 10

Figure 4: Pole search distribution. The dark blue indicates the better
solutions (lower Chi-Sq), while maroon the worst ones.
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Figure 5: The “fine” pole search shows two clustered solutions
centered at the ecliptic longitude/latitude (54°, 30°) and (243°, 31°)
with radius approximately of 10° and Chi-Sq values within 10% of the
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Figure 6: The shape model for 131 Vala (A = 54°, B = 29°).
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Lightcurves of twelve main-belt asteroids (MBA)
obtained with the Telescopio Robotico Abierto network
(TAR) and the Isaac Aznar Observatory from 2018
October to 2019 May are presented and analyzed to
derive the rotation period, lightcurve amplitude, and axis
size relationship.

CCD photometric observations of twelve main-belt asteroids
(MBA) were obtained using the Telescopio Abierto Robdtico
(TAR) network between 2018 October and 2019 May. This work
is included in the Mars-crossing survey we started with these
telescopes in late 2018 (Licandro et al., in preparation). Due to the
large field-of-view of the images obtained during the survey, we
also obtained the lightcurve of every main-belt asteroid
serendipitously identified in the images. Thus, it is necessary to
remark that there is no previous asteroid selection process in this
work, except for the three targets observed from the Isaac Aznar
Observatory (IAO) in 2019 May.

Six of the observed asteroids do not have previously published
lightcurves: 3830, 7673, 14105, 15925, 33729 and 62836. The
others have been observed during previous apparitions and their
rotation period is already determined. Even in those cases, the data
presented in this paper are still useful to improve the rotation
period determination and, combined with previous and future
observations, to determine their spin orientation (pole position)
and shape, e.g. using lightcurve inversion techniques (see e.g.
Durech et al., 2010).

Our observations were made using the TAR network of robotic
telescopes and the IAO 0.35m telescope. TAR telescope network
consists of three telescopes located at Teide Observatory
(Tenerife, Canary Islands, Spain, at 2390 meters above sea level).
Two (TAR1 and TAR2) are 0.46-meter f72.8 telescopes; TAR 3 is
a 0.40-meter f/10 telescope. TAR1 and TAR2 use an SBIG
ST11000 CCD camera with 4008x2672 pixels. The plate scale is
1.5 arcsec/pix. TAR 3 is equipped with an FLI MicroLine fitted
with an E2V CCDA47-10, 1024x1024 pixels. Combined with a
focal reducer, the system has a plate scale of 1.5 arcsec/pixels.

Isaac Aznar Observatory (IAO) is located in Alcublas, Valencia,
Spain, at an altitude of 870 meters and under dark skies (21.7
mag/arcsec’ on average). It has a 0.35-meter telescope with an
SBIG STL 1001+AO camera. The CCD is 1024x1024 pixels with
a plate scale of 1.45 arsec/pixel.
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A series of images, typically of 60s exposure time, were obtained
in 1x1 binning mode and without any filter on different nights.
Images were bias, dark, and flat field corrected using bias, dark,
and twilight sky flat-fields obtained during the same night using
the corrections routines included in MaximDL.

Aperture photometry was done using MPO Canopus. The Comp
Star Selector utility in MPO Canopus found up to five comparison
stars of near solar-color allowing to obtain accurate differential
and calibrated photometry. The comp star magnitudes were taken
from the APASS (Henden et al., 2009) and MPOSC3 catalogs,
depending on the availability of comparison stars. The nightly
zero points for both catalogs have been found to be generally
consistent to about + 0.05 mag or better, but on occasion reach 0.1
mag and more.

The StarBGone star subtraction algorithm in MPO Canopus was
used when needed in order to remove the effect of stars located in
the asteroid’s path. This is most effective when the star’s SNR is
equal to or lower than asteroid’s SNR (Aznar, 2013). The rotation
period analysis was doing using the FALC period analysis
algorithm developed by Harris (Harris et al., 1989) also included
in MPO Canopus.

In Table I, we list the date of the observations, the derived rotation
period, amplitude of the lightcurve, the axis ratio for an assumed
triaxial ellipsoid a/b, and the telescope used. The ellipsoid is
assumed to be @ > b and the rotation is about the c-axis (Harris and
Lupishko, 1989). These were derived after reducing the lightcurve
amplitude to zero phase angle (Zappala et al., 1980).

We note that for the axis size relationship, we have assumed an
equator-on viewing geometry. In this case, the a/b ratio is a lower
limit since it depends in the observing geometry. More
observations made in future are necessary to determine the proper
shape of the asteroid.

261 Prymno. This asteroid was discovered in 1886. During the last
years of the 20th century, this target was analyzed several times
using photometric techniques. All recent measurements match
with a rotation period of 9.44 h. We found a similar period (9.44 +
0.01 h) based on 187 data points over one unique session. The
main difference with respect to previous lightcurves is the
amplitude. In our case the maximum amplitude reaches 0.23 mag,
thus a/b = 1.20.

Phased Plot: 261 Prymno
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338 Budrosa. All previous analysis indicates a rotation period of
about 4.608 h, e.g., Behrend (2016) and Hamanowa and
Hamanowa (2011). We report a period of 4.6079 + 0.0005 h based
on a lightcurve with 420 data points. Previous results found a
maximum amplitude of 0.46 mag; we found a maximum
amplitude of 0.07 mag. Lpag = 171°. The a/b axis relationship is
1.06.

Phased Plot: 338 Budrosa
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714 Ulula. The rotation period of 6.9938 + 0.0412 h reported here
matches the period reported in Lightcurve Database (LCDB,;
Warner et al., 2009). This period was based on data from one
night. Since 1990 this asteroid has been analyzed ten times with
different maximum lightcurve amplitudes, from 0.02 in 2008 to
0.65 mag in 2005 (Marciniak, 2011).

Ulula has a pole and shape determination based on lightcurve
inversion techniques in the DAMIT database
(http://astro.troja.mff.cuni.cz/projects/damit by Durech et al.,
2010). Our lightcurve has a shape and amplitude, 0.17 mag, that is
similar to that expected using the DAMIT shape model and pole
(Fig. 1). Lpap =83°, a/b = 1.14.

Phased Plot: 714 Ulula
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Figure 1. Expected lightcurve of 714 Ulula for the date of our
observations (upper figure) produced with the shape model in the
DAMIT database (lower figure). The images are produced using the
Interactive Service for Asteroid Models
(http://isam.astro.amu.edu.pl/).

2956 Yeomans. There are three entries in LCDB regarding this
main-belt asteroid. It was first analyzed in 2015 (Aznar, 2015)
with a rotation period of 3.40 h. A few years later, it was analyzed
again (Waszczak et al., 2015; Oey, 2018), both authors suggested
different rotation period values.

Our photometric work during 2019 derived a rotation period of
3.57 £ 0.01 h and a maximum lightcurve amplitude of 0.27 mag.
Lpag = 241°. The a/b axis relationship is 1.10.
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Phased Plot: 2956 Yeomans
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3147 Samantha. There is no entry in the most recent release of the
lightcurve database (LCDB; Warner et al., 2009) for this main-belt
asteroid. We report a rotation period of 52724 +
0.0136 h from one observing session. The lightcurve shows a
maximum amplitude of 0.62 mag, which suggests a very
elongated shape (a/b = 1.68) for this asteroid.

Phased Plot: 3147 Samantha
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6329 Hikonejyo. The LCDB reports two different rotation periods
for this object: 6.064 h (Behrend, 2012) and 8.066 h
(Klinglesmith, 2012). Analysis of data obtained from 2019 May
11-25 provides a rotation period of 6.064 £ 0.003 h. The
lightcurve shows a maximum amplitude of 0.15 mag. Lpap = 225°.
The a/b axis relationship is 1.13.

Phased Plot: 6329 Hikonejyo
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7673 Inohara. This the rotation period for this main-belt asteroid
did not appear to be known prior to our work. We obtained a
rotation period of 3.4 + 0.01 h. This period should be considered
as provisional. More data are necessary during future apparitions
in order to confirm it. The lightcurve shows a maximum amplitude
0f 0.23 mag. Lpag = 91°. The a/b axis relationship is 1.22.

Phased Plot: 7673 Inohara
T T T T T T T T
14.05/- E
1410} E
=~ 1415 .
©
o 14.20
©
S 14.25!
G
S 1430
3 14.35}
2
£ 1440}
g
S 14451
2 14.50]
S
3 1455
7]
X 14.60(

14.65
14.70 —3rd Order

1 1 1 1 1 1 1 1 1 1 1
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
Period: 3.40 £0.01h Amp: 0.23 JDo(LTC): 2458479.463184

10997 Gahm. There are three entries in the LCDB for this
asteroid. All of them match with a rotation period of about 3.2 h.
We have calculated a rotation period of 3.209 + 0.006 h and
amplitude of 0.57 mag. The lightcurve shows a typical bimodal
shape and its amplitude maximum suggests a very elongated shape
for this asteroid. The a/b axis relationship is 1.58.

Phased Plot: 10997 Gahm
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14105 Nakadai. There is no entry in the LCDB for this asteroid.
We report a lightcurve composed of 211 points that has a period of
6.674 + 0.049 h. The amplitude of 0.70 mag suggests a very
clongated shape for this asteroid. Lpag = 67°. The a/b axis
relationship is 1.80

Phased Plot: 14105 Nakadai
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15925 Rokycany. This is a 6.4-km asteroid discovered in 1997 by
L. Sarounova at Ondiejov observatory. No previous lightcurves of
Rockycany are published, so this is the first photometric analysis
of this asteroid.

We found a period of 3.01 + 0.001 h based on 325 data points over
one unique session. Its maximum amplitude suggests a moderate
ellipsoidal shape when assuming an equatorial view of the
asteroid. The a/b axis relationship is 1.14.

Phased Plot: 15925 Rokycany
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(33729) 1999 NJ21. This is a 12-km asteroid discovered in 1999
by LINEAR survey. There is no entry in the latest release of the
LCDB.

We observed this target during one night only, 2018 Nov 3. The
derived rotation period is 4.56 = 0.27 h based on 178 points. The
curve shows a typical bimodal shape with a maximum amplitude
of 0.12 magnitudes at Lpag = 27°. This suggests a very moderate
ellipsoid asteroid shape. We recommend new observations in
future apparitions for the purpose of supplementing this analysis.
The a/b axis relationship is 1.01.

Phased Plot: (33726) 1999 NJ9
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(62836) 2000 UC59. This is a main-belt asteroid with an estimated
diameter of 3.4 km; it was discovered in 2000 by the LINEAR
survey. There is no published photometric study of this asteroid.
After six nights of observing, we concluded that the rotation
period is around 10.73 + 0.01 h. More data are needed in order to
improve this determination.

The lightcurve obtained shows a maximum amplitude of 0.88 mag
at Lpag = 190°. This amplitude suggests a very elongated shape.
The a/b axis relationship is 2.12.

Phased Plot: (62836) 2000 UC59
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Number Name 20xx mm/dd Phase Lpap  Bpas  Period (h) P.E. Amp A.E. a/b Scope
261 Prymno 18/11/12-11/12 7.2 63 38 9.44 0.01 0.23 0.01 1.20 TAR 2
338 Budrosa 19/03/24-04/04 5.3,9.0 171 =7 4.6079 0.0005 0.07 0.01 1.06 OIA
714 Ulula 18/12/03-12/03 7.6 83 8 6.9938 0.0041 0.17 0.01 1.14 TAR 2

2956 Yeomans 19/05/09-05/24 6.8,1.5 241 3 3.57 0.01 0.27 0.03 1.10 TAR 2
3147 Samantha 18/10/17-10/17 4.6 14 2 5.2724 0.0136 0.62 0.02 1.68 TAR 2
6329 Hikonejyo 19/05/11-05/25 6.5,11.6 225 9 6.064 0.003 0.15 0.03 1.13 OIA

7673 Inohara 18/12/27-12/27 2.6 91 -9 3.40 0.01 0.23 0.03 1.22 TAR 3

10997 Gahm 19/01/12-01/12 6.1 125 2 3.209 0.006 0.57 0.09 1.58 TAR 3

14105 Nakadai 18/12/07-12/07 4.1 67 =7 6.674 0.049 0.70 0.05 1.80 TAR 3

15925 Rokycany 19/02/27-03/04 6.8 160 -13 3.011 0.001 0.16 0.03 1.14 TAR 1

33729 1999 NJ21 18/11/09-11/09 6.5 27 8 4.56 0.27 0.12 0.08 1.01 TAR 1

62836 2000 UC59 19/04/05-04/27 2.8,14.8 190 -2 10.73 0.01 0.88 0.06 2.12 O0IA

Table I. Observing circumstances and results. Pts is the number of data points used in the analysis. The phase angle values are for the first.

Leas and Beag are the average phase angle bisector longitude and latitude. Period is in hours. Amp is peak-to-peak amplitude in magnitudes.

The last column gives the a/b ratio for an assumed triaxial ellipsoid viewed equatorially based on the amplitude.
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Lightcurves and synodic rotation periods are presented
for 15 main-belt asteroids. Results are: 722 Frieda,
131.1 £ 0.2 h; 856 Backlunda, 11.965 = 0.007 h; 1178
Irmela, 11.985 + 0.004 h; 1199 Geldonia, 57.82 +
0.21 h; 1397 Umtata, 240.6 = 0.8 h; 1483 Hakoila, 239.1
+ 0.9 h; 1516 Henry, 17.599 + 0.014 h; 1517 Beograd,
6.945 £ 0.014 h; 1558 Jarnefelt, 6.252 + 0.003 h; 1914
Hartbeespoortdam, 6.330 + 0.009 h; 2396 Kochi, 26.17
+ 0.11 h; 2433 Sootiyo, 7.234 + 0.004 h; 2784
Domeyko, 6.025 + 0.009 h; 3570 Wuyeesun, 15.432 +
0.006 h; 5262 Brucegoldberg, 16.428 + 0.008 h. No
period solutions were found for 805 Hormuthia or 904
Rockefellia. All data were submitted to the ALCDEF
database.

CCD photometric observations of seventeen main-belt asteroids
were performed at Command Module Observatory (MPC V02) in
Tempe, AZ. Images were taken using a 0.32-m f76.7 modified
Dall-Kirkham telescope, SBIG STXL-6303 CCD camera, and a
‘clear’ glass filter. Exposure time for all images was 2 min. The
image scale was 1.76 arcsec/pixel (2x2 binning). Table I shows
the observing circumstances and results. All of images for these
seventeen asteroids were obtained between 2019 April and June.

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

The data reduction and period analysis were done using MPO
Canopus (Warner, 2019). The 45x30 arcmin field of the CCD
typically enables using the same field center for three consecutive
nights. In these fields, the asteroid and three to five comparison

stars were measured. Comparison stars were selected with colors
within the range of 0.5 < B-V < 0.95 to correspond with color
ranges of asteroids. In order to reduce the internal scatter in the
data, the brightest stars of appropriate color that had peak ADU
counts below the range where chip response becomes nonlinear
were selected. The MPO Canopus internal star catalogue was
useful in selecting comp stars of suitable color and brightness.

Since the sensitivity of the KAF-6303 chip peaks in the red, the
clear-filtered images were reduced to Sloan r’ to minimize color
term errors. Comp star magnitudes were derived from a
combination of CMCI15 (Muifioz et al., 2014), APASS DR9
(Munari et al., 2015), and GAIA2 G (Sloan r" = G for stars of
asteroidal color) catalogues to set the zero-points each night. In
most regions, the Sloan r” data sources for brighter stars yielded
very similar magnitudes (within about 0.05 mag total range), so
mean values rounded to 0.01 mag precision were used.

This careful adjustment of the 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.

A 9-pixel (16 arcsec) diameter measuring aperture was used for
asteroids and comp stars. It was typically necessary to employ star
subtraction to remove contamination by field stars. For the
asteroids described here, the RMS scatter on the phased
lightcurves 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). Phased lightcurves
show the maximum at phase zero. Magnitudes in these plots are
apparent and scaled by MPO Canopus to the first night.

Asteroids were selected from the CALL website (Warner, 2011)
using the criteria of magnitude greater than 15.0 and quality of
results U < 2+. In this set of observations, 2 of the 17 asteroids had
no previous period analysis, and two had U = 1.

The Asteroid Lightcurve Database (LCDB; Warner et al., 2009)
was consulted to locate previously published results. All the new
data for these 17 asteroids can be found in the ALCDEF database.

Number Name 2019 /mm/dd Phase Lpas Bpas Period (h) P.E. Amp A.E. Grp
722 Frieda 04/23-05/04 *3.9,8.6 209 2 131.1 0.2 0.45 0.05 FLOR
805 Hormuthia 06/07-06/12 13.5,14.8 256 18 - - - - MB-0
856 Backlunda 05/26-05/31 10.5,9.6 234 16 11.965 0.007 0.09 0.02 MB-I
904 Rockefellia 04/01-04/22 *2.9,5.3 198 0 - - - - MB-0

1178 Irmela 04/03-04/11 7.7,4.3 206 5 11.985 0.004 0.25 0.04 MB-M
1199 Geldonia 05/26-06/03 4.3,1.8 255 3 57.82 0.21 0.20 0.04 EOS
1397 Umtata 04/01-04/25 *5.2,7.4 200 4 240.6 0.8 0.35 0.03 MB-M
1483 Hakoila 05/01-05/11 *2.7,3.0 225 3 239.1 0.9 0.62 0.05 MB-O
1516 Henry 04/07-04/11 11.7,10.3 213 12 17.599 0.014 0.35 0.03 MB-M
1517 Beograd 05/03-05/08 *1.4,1.7 224 2 6.945 0.014 0.09 0.04 MB-O
1558 Jarnefelt 06/04-06/09 *2.8,2.9 255 8 6.252 0.003 0.28 0.06 MB-O
1914 Hartbeespoortdam 05/05-05/08 8.7,7.4 236 8 6.330 0.009 0.11 0.02 V
2396 Kochi *06/04-06/12 10.0,12.1 239 16 26.17 0.11 0.26 0.07 MB-O
2433 Sootiyo 04/23-04/25 8.5,7.7 224 8 7.234 0.004 0.38 0.02 MB-M
2784 Domeyko 06/01-06/03 7.8,6.8 260 5 6.025 0.009 0.22 0.05 FLOR
3570 Wuyeesun 05/26-06/23 *3.6,8.2 252 3 15.432 0.006 0.45 0.01 EOS
5262 Brucegoldberg 04/26-05/02 8.4,7.3 225 15 16.428 0.008 0.43 0.05 MB-O

Table |. Observing circumstances and results. *Observations in 2018. The phase angle (a) is given at the start and end of each date

range, and marked with an asterisk if it reached a minimum between the two values. LPAB and BPAB are each the average phase angle

bisector longitude and latitude (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009). FLOR: Flora; MB-I/M/O:
main-belt inner/middle/outer. V: Vestoid.
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722 Frieda is a Flora-family asteroid that was discovered by
Johann Palisa at Vienna in 1911. No rotation periods for it have
been published. During 14 observing nights, 892 images were
gathered, supporting a synodic period of 131.1 + 0.2 h. The
amplitude is 0.45 = 0.05 mag; the RMS scatter on the fit shown in
the phased plot is 0.051 mag.
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805 Hormuthia. Max Wolf made this discovery at Heidelberg in
1915. Behrend (2008) found a period of 8 h, while Pilcher and
Benishek (2009) used a denser observation set to find 9.510 +
0.001 h.

A total of 268 images taken during six nights showed that an
unambiguous period solution would not be found. The period
spectrum has no significant minima out to 20 h and the raw
lightcurve does not show a gradual change in brightness that one
would associate with a slow rotator. Follow-up study with a larger
telescope, or at a higher phase angle is encouraged.
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856 Backlunda. Sergey Belyavsky discovered this minor planet
from Simeis in 1916. Three similar period solutions appear in the
LCDB. They are: Binzel (1987) 12.08 h, Behrend (2007) 12.02 +
0.05 h, and Hanus (2016) 12.02894 + 0.00005 h.

During five nights, 234 data points were collected. A period of
11.965 + 0.007 h was obtained, in agreement with published
values. Since this rotation period is so close to half an Earth day,
only half of the phase coverage could be obtained. The full
amplitude in this region is 0.09 £+ 0.02 mag, and the RMS scatter
of the fit is 0.020 mag.
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904 Rockefellia was discovered by Max Wolf at Heidelberg in
1918. Three dissimilar period solutions have been published.
Fauvaud and Fauvaud (2013) published 5.82 + 0.01 h, Behrend
(2014) shows 12.72 + 0.05 h, and Polakis (2018) obtained 6.826 +
0.004 h.

The minor planet was monitored during 13 nights, and 514 images
were recorded. While the period spectrum did show some minima,
none of these correspond with a phased lightcurve with acceptable
RMS error. A raw lightcurve for a typical night of observations is
shown, in which all the data points lie in a band of roughly 0.1
mag. Again, follow-up observations may resolve this object’s
ambiguous period.

Period Spectrum: 904 Rockefellia
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1178 Irmela is another of Max Wolf’s discoveries. Binzel (1987)
published a period of 19.17 h. Much more recently, Stephens
(2012) computed 11.989 + 0.001 h and was able to show half of
the phase coverage.

During four nights, 198 images were sufficient to produce a
satisfactory period solution of 11.985 + 0.004 h, agreeing with
Stephens’ result. Again, it was possible to obtain only half of the
phase coverage. The RMS scatter on the fit is 0.037 mag. The
amplitude is 0.25 + 0.04 mag.
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1199 Geldonia. This minor planet was discovered in 1931 by
Eugene Joseph Delporte while working at Uccle. Behrend (2010)
shows a synodic period of 28.3 + 0.2 h; Durech (2018) published a
value of 57.969 + 0.002 h.

A total of 426 images were taken during eight nights. The period
analysis produced a result of 57.82 = 0.21 h, which is in good
agreement with Durech. The amplitude of the lightcurve is 0.20 +
0.04 mag and the RMS error on the fit is 0.041 mag.
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1397 Umtata was discovered at Johannesburg by Cyril Jackson in
1936. The only rotation period in the LCDB is that of Binzel
(1987), who published a value of 30 h.

The minor planet revolves in an eccentric orbit and was observed
around a favorable opposition on 17 nights in 2019 April. During
this period, 543 data points were collected. The slow rotator has a
period of 240.6 = 0.8 h, which disagrees with Binzel’s value. The
lightcurve shows an amplitude of 0.35 + 0.03 mag with an RMS
error on the fit of 0.028 mag.
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1483 Hakoila is an outer-belt asteroid discovered at Turku in 1938
by Yrjo Viisild and named for his assistant. Only one analysis has
been published, that of Behrend (2010) who shows >12 h.

This is another slow rotator, requiring 11 nights and 491 images to
arrive at the unique solution of 239.1 + 0.9 h. The Fourier fit
shows an RMS error of 0.051 mag on a lightcurve with an
amplitude of 0.62 + 0.05 mag.
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1516 Henry was discovered in 1938 at Nice by André Petry.
Behrend (2002) obtained a period of 17.370 + 0.006 h.

A total of 213 images were acquired during five nights, resulting
in a good solution of 17.599 + 0.014 h, agreeing with Behrend.
The lightcurve’s amplitude is 0.35 + 0.03 mag and the RMS error
of the curve fit is 0.032 mag.
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1517 Beograd. The discovery of this outer-belt asteroid was made
at Belgrade in 1938 by Milorad Proti¢. Behrend (2005) and
Benishek and Pilcher (2014) both studied the asteroid and found
similar periods of 6.943 + 0.004 and 6.9490 + 0.0006 h,
respectively.

During six nights, 224 data points were acquired, revealing a low
amplitude. The period solution produced a value of 6.945 +
0.014 h using binning of sets of three points shown in the figure.
The RMS error of 0.035 mag is significant relative to the
amplitude of 0.09 + 0.04 mag, but the period solution closely
matches previous assessments.
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1558 Jarnefelt. This outer-belt asteroid was discovered in 1942 by
Liisi Oterma at Turku. Only one period, by Hawkins and Ditteon
(2008), is in the LCDB: 18.22 + 0.06 h.

The asteroid was monitored on six nights, during which 255
images were obtained. A 4™-order fit produced a period of 6.252 +
0.003 h, disagreeing with Oterma’s result. The RMS error is 0.060
mag and the amplitude is 0.28 £+ 0.06 mag.
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1914 Hartbeespoortdam is a Vestoid that was discovered at
Johannesburg in 1938 by Hendrik Van Gent. Pravec (2015)
published a synodic period of 6.331 £ 0.003 h.

Four nights and 173 images were sufficient to assess its short
period of 6.330 £ 0.009 h, in good agreement with Pravec. The
amplitude of the fit is 0.11 £ 0.02 mag and the RMS scatter of the
curve fit is 0.020 mag. The lightcurve shows binned sets of three
data points.
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2396 Kochi. The discovery of this outer-belt minor planet was
made by Tsutomu Seki in 1981 at Geisei. There are no published
periods.

Observations were made on nine nights, and 439 images were
obtained. The period spectrum shows a minimum point
corresponding with a bimodal solution at 26.17 £ 0.11 h. The
amplitude is 0.26 £+ 0.07 mag, and the RMS scatter of the curve fit
is 0.068 mag.
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2433 Sootiyo was discovered at Lowell in 1981 by Ted Bowell. Its
name is Hopi for “star boy.” Both Angeli (2001) and Behrend
(2007) show a period of 7 h. Proyecto ECLA (2011) gives the
more precise value of 7.2298 + 0.0002 h.

A total of 239 images were taken on three nights to obtain a period
solution of 7.234 £ 0.004 h, in accordance with previous results.
The lightcurve has a tight RMS scatter of 0.018 mag. The
amplitude of the fit is 0.38 + 0.02 mag. Due to its eccentric orbit,
2433 Sootiyo will be 70 percent farther away from earth at its next
opposition.
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2784 Domeyko. This Flora-family asteroid was discovered by
Carlos Torres at Cerro El Roble in 1974. Almeida (2004) shows a
period of 5.98 h.

During three nights, 145 data points were captured. The period is
6.025 + 0.009 h, similar to Almeida’s result. The lightcurve
amplitude is 0.22 + 0.05 mag and the RMS scatter of the curve fit
is 0.045 mag. Since 2784 Domeyko is also in an eccentric orbit, it
will be 1.5 magnitudes fainter during the December 2020
opposition.
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3570 Wuyeesun was discovered at Purple Mountain in 1979. The
period shown by Waszczak et al. (2015) is 15.459 + 0.0442 h.

The asteroid was followed for eight nights, and 252 images were
captured. The period solution produced a value of 15.432 +
0.006 h, in accordance with Waszczak’s period. The S5th-order
Fourier fit has an RMS error of 0.05 mag, and an amplitude of
0.45+0.01 mag.
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5262 Brucegoldberg. This outer-belt asteroid was discovered by
Elanor Helin at Palomar in 1990. Three similar period solutions
appear in the LCDB. They are: Gross (2003) 16.430 + 0.001 h,
Behrend (2008) 16.410 + 0.001 h, and Behrend (2011) 16.422 +
0.003 h.

A set of 225 images were taken during five nights. The period of
16.428 + 0.008 h is in good agreement with published values. The
amplitude of the lightcurve is 0.43 + 0.05 h and the RMS error of
the fit is 0.046 mag.
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CCD photometric observations of seven Hilda asteroids
were made at the Center for Solar System Studies (CS3)
from 2019 April and June. Analysis of data for 1269
Rollandia and 3843 OISCA based on 2019 data led to
review of our earlier results. For both objects, this
resulted not in solving but deepening the mystery of the
their true rotation periods.

CCD photometric observations of three Hilda asteroids were made
at the Center for Solar System Studies (CS3) from 2019 April-
June. This is another installment of an on-going series of papers
on this group of asteroids, which is located between the outer
main-belt and Jupiter Trojans in a 3:2 orbital resonance with
Jupiter. The goal is to determine the spin rate statistics of the
group and find pole and shape models when possible. We also
look to examine the degree of influence that the YORP
(Yarkovsky—O'Keefe—Radzievskii-Paddack) effect (Rubincam,
2000) has on distant objects and to compare the spin rate
distribution against the Jupiter Trojans, which can provide
evidence that the Hildas are more “comet-like” than main-belt
asteroids.

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

Telescopes
.30-m £/6.3 Schmidt-Cass
.35-m £/9.1 Schmidt-Cass
.35-m f/11 Schmidt-Cass
.40-m £/10 Schmidt-Cass
.50-m £/8.1 Ritchey-Chrétien

O O OO o

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

Table I lists the telescopes and CCD cameras that are combined to
make observations. Up to nine telescopes can be used for the
campaign, although seven is more common. All the cameras use
CCD chips from the KAF blue-enhanced family and so have
essentially the same response. The pixel scales ranged from 1.24-
1.60 arcsec/pixel. All lightcurve observations were unfiltered since
a clear filter can result in a 0.1-0.3 magnitude loss. The exposures
varied depending on the asteroid’s brightness and sky motion.

Measurements were made using MPO Canopus. The Comp Star
Selector utility in MPO Canopus found up to five comparison
stars of near solar-color for differential photometry. Comp star
magnitudes were taken from ATLAS catalog (Tonry et al., 2018),
which has Sloan griz magnitudes that were derived from the
GAIA and Pan-STARR catalogs, among others. The authors state
that systematic errors are generally no larger than 0.005 mag,
although they can reach 0.02 mag in small areas near the Galactic
plane. BVRI magnitudes were derived by Warner using formulae
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from Kostov and Bonev (2017). The overall errors for the BVRI
magnitudes, when combining those in the ATLAS catalog and the
conversion formulae, are on the order of 0.04-0.05.

Even so, we found in most cases that nightly zero point
adjustments on the order of only 0.02-0.03 mag were required
during period analysis. There were occasional exceptions that
required up to 0.10 mag. These may have been related in part to
using unfiltered observations, poor centroiding of the reference
stars, and not correcting for second-order extinction terms.
Regardless, the systematic errors seem to be considerably less than
other catalogs, which reduces the uncertainty in the results when
analysis involves data from extended periods or the asteroid is
tumbling.

Period analysis was done with MPO Canopus, which implements
the FALC algorithm by Harris (Harris et al, 1989). The same
algorithm is used in an iterative fashion when it appears there is
more than one period. This works well for binary but not for
tumbling asteroids.

In the plots below, the “Reduced Magnitude” is Johnson V. These
have been converted from sky magnitudes to unity distance by
applying —5*log (rA) with r and A being, respectively, the Sun-
asteroid and Earth-asteroid distances in AU. The magnitudes were
normalized to the phase angle in parentheses using G = 0.15. The
X-axis is the rotational phase ranging from —0.05 to 1.05. If the
plot includes an amplitude, it is for the Fourier model curve and
not necessarily the adopted amplitude for the lightcurve.

Our initial search for previous results started with the asteroid
lightcurve database (LCDB; Warner ef al., 2009) found on-line at
http://www.minorplanet.info/lightcurvedatabase.html. Readers are
strongly encouraged to obtain, when possible, the original
references listed in the LCDB.

1269 Rollandia. Finding a definitive period for this 105-km Hilda
has been difficult over the years. Franco (2012) reported a period
of 15.4 h. This was based on data obtained on three nights in 2012
March. The data set was noisy and the lightcurve was mostly flat
except for a 0.08 mag “bump” from 0.3-0.8 rotation phase.
Slyusarev et al. (2012) reported a period of 31 h and amplitude of
0.02 mag. No lightcurve was published in their ACM poster.
Fauvaud and Fauvaud (2013), who observed almost the same time
as Franco, determined P = 15.32 h, 4 = 0.13 mag. Their lightcurve
was monomodal but had a gap between 0.1-0.3 rotation phase.

We observed Rollandia in 2016 August and found P = 19.98,
A = 0.06 mag. Our hope was that new data in 2019 would resolve
the ambiguities or at least reduce them. This would not be the
case. The period spectrum was not helpful, showing several
possible solutions and favoring an entirely new period.
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Looking at the plots from 2019 individually, the solution at
13.84 h is almost monomodal, but the disjoint in the slopes
between 0.2 to 0.5 rotation phase was concerning. A solution near
19 hours produced a trimodal curve, which is not improbable
given the low amplitude (Harris et al., 2014). The apparently
bimodal lightcurve at P = 27.49 h was rejected because of the
slight asymmetry, i.e., the maximums or minimums were not 0.5
rotation apart. This does not automatically preclude the solution,
but it close to the double period of 13.84 h, which we eventually
put aside. The fit to near 32 hours has an unusual shape. In
addition, the slopes of some of the individual nights don’t quite fit
the model curve.

This left us with a solution of P = 17.36 h, which we have adopted
for this paper because the curve is bimodal and more symmetrical
than at 27 h and fits the model curve the best. This leaves a half-
period solution of 8.68 h as another possibility. We returned to the
data from 2016 to see if they could be fit to the new result or one
of the other possibilities.
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If nothing else, a period near 14 hours was eliminated. The best fit
was again for a period of about 17 hours, but it is significantly
different from the 2019 result. A definitive solution for 1269
Roliandia still proves elusive.

1902 Shaposhnikov. There are numerous results in the LCDB for
the 97-km Shaposnikov. Early results include Dahlgren et al
(1998; 21.2 h). We observed it twice in recent years: Warner and
Stephens (2017b, 20.987 h; 2018b, 20.988 h). The latest results
are in good agreement with our previous periods.
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3577 Putilin. Previous results include Dahlgren et al. (1998,
29.0 h) and Warner and Stephens (2017b, 14.30 h). Brinsfield
(2011) found yet another period: 18.270 h. Analysis of our
data from the observations in 2019 April found
P = 18.239 h. The solution is not fully secure but the period
spectrum showed few alternate solutions of note. We turned to
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half-period plots. The only one that worked was near 9 hours,
confirming the final result of 18.239 h. Our reanalysis of the 2016
data was able to find a similar period, 18.324 h.
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3843 OISCA. This is a 40-km member of the Hilda group. De
Sanctis et al. (1994) found only lower limits of P > 16 h and
A > 0.2 mag. Dalhgren et al. (1998) followed up with P = 19.078
and 4 = 0.28 mag. Our results from 2016 data (Warner and
Stephens, 2018a) were P = 19.089 h and 4 = 0.32 mag, in good
agreement with Dahlgren et al. Our analysis of data from 2019
turned an effort to refine the period and obtain more data for
modeling into an effort just to find any period to which our 2016
and 2019 data sets would have a reasonable fit. It was not entirely
successful. An unusual number of lightcurves are presented here
to show the conundrum that was encountered more clearly.

409

Initial analysis of the full 2019 data set using as small of zero
point adjustments as possible found a period of 29.41 h, or some
10 hours longer than previously reported (“2019 29h Full Data
Set”). The “2019 29h” period spectrum was generated using the
original zero points.
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We then forced a period of 19.09 hours and adjusted zero points
until we were able to get a match. The only way that this was
possible was to use a subset of the 2019 data, eliminating the
nights of 2019 April 22 and 23, which could not be fit no matter
how severe the zero point adjustments. The period spectrum “2019
19h” shows the results of search after finding a fit using the
subset. It is noticeably different from the previous one.

The period search range was narrowed and allowed to float instead
of remain a fixed value. This produced a lightcurve with a period
of 19.137 h that has a reasonable bimodal shape, albeit with
significant gaps in coverage (“2019 19h Partial Data Set”).
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The next step was to try to force the full set to the 19-hour
solution. This was futile (“2019 19h Full Data Set”). No amount
of zero point adjustments could get the data to fit a trimodal
lightcurve, let alone bimodal, which would be more likely given
the low phase angle and amplitude (Harris et al., 2014).

We revisited our 2016 data to force the data to see if they would
fit with the new, longer period. The period spectrum using the
original zero points, with very minor adjustments, showed a strong
preference for a period of 19.075 h (“2016 19h”). This is slightly
shorter than previously found with the same data. The two are
statistically the same and so there was no concern about the very
minor difference. The “2016 28h” plot shows the results of trying
to force the data to near 29 h. Here again, no amount of zero point
shifts would allow a fit to a bimodal or trimodal lightcurve.
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We considered the possibility that the asteroid might be tumbling
but the diameter and periods make tumbling highly unlikely
(Pravec et al., 2014; 2005), but not impossible.

Because there is no reasonable fit to be found near 29 h using the
2016 data and because we can find a 19-h period using a subset of
the 2019 data, we are adopting the revised 2016 period of
P =19.075 h for this paper. We have no explanation at this time
for why two consecutive nights, 2019 Aug 22-23, deviated so
much from the fit to a period near previous results.

(36274) 2000 AV107, (39266) 2001 AT2. This appears to be the
first reported rotation period for either asteroid. 2000 AV107 has a
diameter of 18.38 km (Mainzer et al,, 2016). The estimated
diameter for 2001 AT2 is 17-km. The noisy data set makes the
solution less than fully secure for the latter asteroid.
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Number Name 20xx/mm/dd Phase Lpas Bpas Period(h) P.E. Amp A.E
1269 Rollandia 19/04/17-04/25 16.3,16.6 136 0 17.36 0.01 0.06 0.01
1269 Rollandia 16/08/06-08/17 1.5,2.2 137 4 17.12 0.02 0.08 0.01
1902 Shaposhnikov 19/04/17-04/28 2.3,4.1 204 8 20.977 0.003 0.35 0.02
3577 Putilin 19/04/17-04/28 16.8,17.3 141 -3 18.239 0.007 0.27 0.02
3577 Putilin 16/07/14-08/01 13.0,10.7 351 4 18.324 0.007 0.13 0.01
3843 OISCA 19/04/17-04/28 12.4,13.5 153 3 19.137 0.007 0.25 0.02

Alternate 29.41 0.02 0.38 0.03
3843 oOIsca 16/08/03-08/12 16.1,15.3 19 =il 19.075 0.005 0.32 0.02
36274 2000 AV1O07 19/06/08-06/25 9.2,12.6 231 14 5.9469 0.0004 0.35 0.03
39266 2001 AT2 19/05/14-05/21 2.8,4.5 229 7 3.6098 0.0008 0.31 0.03

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

phase angle bisector longitude and latitude (see Harris et al., 1984). When there is more than one line for an asteroid, the one in bold text

gives the period adopted for this work.
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CCD photometric observations of four main-belt and
one near-Earth asteroid were made in 2019. Of these, the
Vestoid 2602 Moore and Hungaria (27568) 2000 PT6
were confirmed to be binary asteroids. The Hungaria
3880 Kaiserman is a suspected binary. Near-Earth
asteroid (142040) 2002 QE15 was found to have a long
period (46.4 h). Re-evaluation of data for the asteroid
from two previous apparitions found a secondary period
that is consistent with the system being a candidate for
the rare class of very wide binary asteroids. New
analysis of the data from 2016 for Phocaca member
2937 Gibbs found two periods (the second being
ambiguous). It could not be determined if the asteroid is
binary or in a tumbling state.

CCD photometric observations of five asteroids were conducted in
2019 April-July as part of ongoing work at the Center for Solar
System Studies (CS3) to find the rotation periods of asteroids. The
primary targets are near-Earth asteroids but, when there are no
such objects within reach of our instruments or they are poorly
placed, we observe main-belts objects, concentrating on Jupiter
Trojans, Hildas, and Hungarias.

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

Telescopes
.30-m £/6.3 Schmidt-Cass
.35-m £/9.1 Schmidt-Cass
.35-m f/11 Schmidt-Cass
.40-m £/10 Schmidt-Cass
.50-m £/8.1 Ritchey-Chrétien

O O OO o

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

Table I lists the telescopes and CCD cameras that are combined to
make observations. Up to nine telescopes can be used for the
campaign, although seven is more common. All the cameras use
CCD chips from the KAF blue-enhanced family and so have
essentially the same response. The pixel scales ranged from 1.24-
1.60 arcsec/pixel. All lightcurve observations were unfiltered since
a clear filter can result in a 0.1-0.3 magnitude loss. The exposures
varied depending on the asteroid’s brightness and sky motion.

Measurements were made using MPO Canopus. The Comp Star
Selector utility in MPO Canopus found up to five comparison
stars of near solar-color for differential photometry. Comp star
magnitudes were taken from ATLAS catalog (Tonry et al., 2018),
which has Sloan griz magnitudes that were derived from the
GAIA and Pan-STARR catalogs, among others. The authors state
that systematic errors are generally no larger than 0.005 mag,
although they can reach 0.02 mag in small areas near the Galactic
plane. BVRI magnitudes were derived by Warner using formulae
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Number Name 20xx/mm/dd Phase | N Bras Period(h) P.E. Amp A.E Grp
2602 Moore 19/04/17-05/15 22.1,27.1 164 2 3.46723 0.00003 0.43 0.01 Vv
Satellite 27.455 0.003 0.15 0.01
2937 Gibbs 16/12/17-12/19 8.8,7.9 103 =7 2.984 0.001 0.25 0.02 MC
P2 Altl 5.62 0.01 0.14 0.02
P2 Alt2 7.49 0.01 0.14 0.02
3880 Kaiserman 19/07/01-07/07 11.9,23.4 280 10 5.2694 0.0007 0.14 0.01 H
Satellite? 16.09 0.02 0.05 0.01
27568 2000 PT6 19/06/26-07/07 21.9,43.4 268 31 3.5006 0.0003 0.25 0.02 H
Satellite 16.099 0.008 0.18 0.02
142040 2002 QE15 19/05/24-06/02 9.6,11.7 245 15 46.4 0.2 0.19 0.03 NEA
142040 2002 QE15 15/07/14-07/21 51.7,53.4 349 43 47.1 0.1 0.11 0.01
Satellite? 3.891 0.001 0.15 0.02
142040 2002 QE15 17/08/21-08/29 46.6,48.7 288 44 48.1 0.2 0.20 0.03
Satellite? 3.856 0.003 0.11 0.02
Table Il. Observing circumstances. The phase angle (a) is given at the start and end of each date range. Lpag and Bpag are the average
phase angle bisector longitude and latitude (see Harris et al., 1984). The additional lines after the first, complete line give the periods
associated with a satellite or alternate solutions for a second period. The Grp column gives the family/group (Warner et al., 2009). H:
Hungaria; MC: Mars-crosser; NEA: Near-Earth asteroid; V: Vestoid.

from Kostov and Bonev (2017). The overall errors for the BVRI
magnitudes, when combining those in the ATLAS catalog and the
conversion formulae, are on the order of 0.04-0.05.

Even so, we found in most cases that nightly zero point
adjustments on the order of only 0.02-0.03 mag were required
during period analysis. There were occasional exceptions that
required up to 0.10 mag. These may have been related in part to
using unfiltered observations, poor centroiding of the reference
stars, and not correcting for second-order extinction terms.
Regardless, the systematic errors seem to be considerably less than
other catalogs, which reduces the uncertainty in the results when
analysis involves data from extended periods or the asteroid is
tumbling.

Period analysis was done with MPO Canopus, which implements
the FALC algorithm by Harris (Harris et al, 1989). The same
algorithm is used in an iterative fashion when it appears there is
more than one period. This works well for binary but not for
tumbling asteroids.

In the plots below, the “Reduced Magnitude” is Johnson V. These
have been converted from sky magnitudes to unity distance by
applying —5*log (rA) with r and A being, respectively, the Sun-
asteroid and Earth-asteroid distances in AU. The magnitudes were
normalized to the phase angle in parentheses using G = 0.15. The
X-axis is the rotational phase ranging from —0.05 to 1.05. If the
plot includes an amplitude, it is for the Fourier model curve and
not necessarily the adopted amplitude for the lightcurve.

Our initial search for previous results started with the asteroid
lightcurve database (LCDB; Warner et al., 2009) found on-line at
http://www.minorplanet.info/lightcurvedatabase.html. Readers are
strongly encouraged to obtain, when possible, the original
references listed in the LCDB.

2602 Moore. Stephens observed this asteroid in 2019 April and
May. Soon after the observations began, there were indications of
attenuations that might be attributed to a satellite. An extensive
campaign covered almost a month and confirmed the attenuations
as being occultation and/or eclipses (mutual events) due to a
satellite.

The three plots show the data without subtracting a second period
followed by the results of the dual-period search. The depth of the

attenuations ranged from 0.08-0.14 mag. Using the smaller value,
we estimate an effective diameter ratio of satellite-to-primary
Ds/Dp = 0.28 + 0.02. There were no previous lightcurve results
posted in the LCDB.
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2937 Gibbs. There were several results posted in the LCDB for
this 6-km Phocaea asteroid. Behrend (2005) reported 3.06153 h
based on observations in 2005 August. His group observed again
four months later and found a similar but less precise P = 3.06 h.
Co-author Stephens (2017) found P = 3.189 h using data from
2016 December. This is similar to the Behrend results but differs
by several sigma.

New observations made in 2019 June led to a significantly shorter
period of 2.982 h. The new data could not be fit to the previous
results. Given the large amplitude and relatively low solar phase
angle, we adopted 2.982 h to be the true period and took another
look at the data from 2016, forcing it to be near 2.98 h.
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2937 Gibbs 2019
Period: 2.982 + 0.001 h Amp: 0.51
16.20| :
16.25-
16.30|-
T 1635}
0w
< 16.40
2
51645}
©
S 1650
S 16.55
2
‘E 16.601
o
S 16.65

)} Year: 2019
16.70- . o 6168 - 06/13| |
| 4 ® 6169-06/14] |
16.75 * 6172-06/15
+ 6173 - 06/16|
— 6th Order

16.80 -

JDo(LTC): 2458647.848914
L 1 1 L L
0.00 0.10 0.20 0.30 0.40

I 1 I I 1 I
0.50 0.60 0.70 0.80 0.90 1.00

The “NoSub” plot shows what appear to be deviations in the
lightcurve but the nosier data and smaller amplitude made those
uncertain, at least to start. Our dual-period search found a very
good fit to P, = 2.984 h after subtracting each of several possible
secondary periods, P, Regardless of which secondary period was
used, the result for P, remained the same.
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The period spectrum for the secondary period (°

2016 P2”) showed

four possibilities with the one near 11 hours being the half-period

of the longest solution of about 22 hours.
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We examined the solutions at 5.6 h, 7.49 h, and 22.43 h to see
which would produce the most plausible result. At P,= 5.62 h, the
fit is acceptable given the scatter in the data set. It’s important to
note that this P is not harmonically related to P, i.e., they do not
have an integer ratio.

On the other hand, the remaining two solutions have nearly
integral ratios with P, The lightcurve at P, = 7.49 h is almost
trimodal, which is possible because of the low amplitude (Harris et
al., 2014). The lightcurve at P, = 22.43 h is clearly wrong and
simply a fit by exclusion, which is where the Fourier algorithm
finds a local RMS minimum by minimizing the number of
overlapping data points.

The harmonic relation between P, and P, = 7.49 h raises the
possibility that the asteroid is in a low-level tumbling state where
P,=2.984 h dominates the solution and a linear combination of
rotation and precession frequencies produces a “beat frequency”
that is n/7.49, with n being an integer value. This is not
uncommon (see Harris et al., 2014; Pravec et al., 2014; 2005).

3880 Kaiserman. We observed this Hungaria member twice before
the latest observations. Warner (2012b) found a period of 5.270 h.
In 2014 Warner (2015b) found a period of 5.227 h as well as
indications of a secondary period of 22.16 h that was attributed to
a possible satellite.

Our 2019 data also gave indications of a secondary period. The
dual-period analysis found P, = 5.271 h, in agreement with
Warner (2012b), and P, = 16.09 h. The lightcurve for P, is low
amplitude (0.05 mag) but appears to be bimodal and has a shape
typically seen for elongated satellites that are tidally-locked to the
orbital period.
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(27568) 2000 PT6. This was the fourth time we observed this
Hungaria. Warner (2012a) reported a period of 3.624 h, but this
was revised to 3.493 h after the data from observations in 2013
(Warner and Stephens, 2013) led to a period of 3.4885 h. They
also reported the possibility of the asteroid being binary, with an
orbital period of 16.353 h and estimated Ds/Dp of 0.22. Follow-up
observations in 2014 (Warner, 2015a) found indications of a
satellite but the orbital period was 11.73 h and there was no
estimate of the effective diameters ratio.

The 2019 data leave little doubt that the asteroid is binary with an
the satellite tidally-locked to an orbital period of 16.099 h. The
satellite’s lightcurve shape indicates an elongated body. We
estimate Ds/Dp = 0.23 + 0.04
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The data set in 2019 was too sparse and noisy to find a secondary
period, especially if it had a particularly low amplitude. However,
we returned to our previous data sets to see if we might have
overlooked something. Part of this was to reset zero points and not
change them significantly.

The new analysis of the 2015 data set found a low-amplitude (0.11
mag) lightcurve with a period of 47.1 h, which was in reasonable
agreement with the 2019 result. Once that long period was
subtracted in a dual-period search, we found a convincing solution
of 3.891 h, which is close to what we found in the previous single
period result. The 2017 data set provided a convincing case as
well with the long-period lightcurve period of 48.1 h and a short
period of 3.856 h, in reasonable agreement with the short period
from the 2015 reanalysis and single period results.
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(142040) 2002 QEL1S. Pravec et al. (2002) observed this NEA in
2002 September-October and reported a period of 2.5811 h. When
we observed it in 2015 (Warner, 2016) and 2017 (Warner, 2018),
we did not think that our 3.88 h lightcurves were superimposed on
a long period lightcurve. Then again, as we found we did in the
past, the adjustments of the nightly zero points maybe have
removed the traces of a long period.

We observed the asteroid again in 2019 May and June. With the
ATLAS catalog (Tonry et al., 2018) and the higher confidence in
nightly zero points, we found a P = 46.4 h. This made it a possible
very wide binary asteroid (see, e.g., Warner and Stephens, 2019;
and references therein). This rare class has about 30 candidates,
some with very convincing evidence, that features a primary long
primary period (> 24 h to 500+ h) with an underlying short period
(usually 2-5 h) with a lightcurve that looks like a typical primary
of an “ordinary” binary asteroid.
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Photometric observations of seven main-belt asteroids
were obtained on four nights between 2019 February 13
and May 26. The following rotational periods were
determined: 1551 Argelander, 4.066 + 064 h; 1677
Tycho Brahe, 3.86 + 0.01 h; 1774 Kulikov, 3.823 +
0.001 h; 2564 Kayala, 3.01 + 0.01 h; 26355 Grueber,
4.495 + 0.028 h; and (47369) 1999 XA88, 2.56 + 0.09 h.
No well-defined period could be derived for 11155
Kinpu.

Photometric observations of asteroids obtained with two of the
Southeastern Association for Research in Astronomy (SARA)
consortium telescopes are reported. For the nights of 2019
February 13 and March 10, the 1-m Jacobus Kapteyn Telescope at
the Observatorio del Roque de los Muchachos on the Spanish
island of La Palma was used. The telescope is coupled with an
Andor iKon-L series CCD. For the nights of 2019 March 24 and
May 26, we used the 0.9-m telescope at Kitt Peak National
Observatory. The telescope is coupled with an ARC CCD. A
detailed description of the instrumentation and setup can be found
in the paper by Keel et al. (2017). The data were calibrated using
MaximDL and photometric analysis was performed using MPO
Canopus (Warner, 2017).

1551 Argelander. Our group observed this asteroid previously in
2017 (Fauerbach and Brown, 2018). It was observed again in
order to confirm the earlier result and lay the basis for shape
modeling of it. Observations were made on a single night for
approximately 5 hours.

A rotational period of 4.066 + 064 h with lightcurve amplitude of
0.50 mag was derived. This is in excellent agreement with two
previous measurements based on sparse data (Waszczak et al.,
2015; Durech at al., 2016), as well as the data from our group
from 2017. Baxter et al. (2019) reported a period of 2.313 +
0.011 h based on data obtained in 2016. Neither our data from
2017 nor the current data can reproduce the result by Baxter et al.
(2019).

Number Name yyyy mm/dd Phase Lysg Bpas Period(h) P.E. Amp A.E. Grp
1551 Argelander 2019 02/13-02/13 16.3 106 1 4.066 0.064 0.50 0.04 MB-I
1677 Tycho Brahe 2019 03/10-03/10 11.7 141 4 3.86 0.01 0.42 0.03 EUN
1774 Kulikov 2019 02/14-03/25 11.5,3.4 176 0 3.823 0.001 0.40 0.02 KOR
2564 Kayala 2019 03/10-03/25 6.4,14.0 158 0 3.01 0.01 0.39 0.02 FLOR

11155 Kinpu 2019 02/14-03/25 12.4,12.1 155 -8 0.16 0.02 EUN
26355 Grueber 2019 02/13-02/13 15.4 109 6 4.495 0.028 0.74 0.06 MB-I
47369 1999 XA88 2019 05/26-05/26 26.2 184.4 8 2.56 0.09 0.28 0.06 V

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. Leas 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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1677 Tycho Brahe is a member of the Eunomia family of
asteroids. The asteroid was observed over a single night for a
period of about 6.5 hours. The derived period of 3.86 £ 0.01 h
with lightcurve amplitude of 0.42 mag are in excellent agreement
with prior measurements (Violante and Leake, 2012; Benishek,
2018). Durech et al. (2018) were able to determine a pole position
for this asteroid by combining sparse data from the Lowell
Photometric database with date from WISE (Mainzer et al., 2016).
Combining the denser photometric observations from 2012, 2017
and 2019 can provide an independent test of the pole orientation
and the shape model.
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1774 Kulikov is a member of the Koronis family. The asteroid
was observed on two nights, roughly 6 weeks apart. The derived
rotational period of 3.823 + 0.001 h with an amplitude of 0.40 mag
is in good agreement with the result previously obtained by our
group (Fauerbach and Nelson, 2019) and the result reported by
Durech et al. (2016). We will combine our data from 2018 and
2019 to produce a shape model and then compare it to the one
provided by Durech et al. (2016) based on sparse data.
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2564 Kayala is a member of the Florina family of asteroids. Only
one prior period measurement, by Chang et al. (2016), has been
reported. They derived a period of 2.95 + 0.01 h with an amplitude
of 0.36 mag. The best bimodal fit to the current data provides a
period of 3.01 = 0.01 h with an amplitude of 0.39 mag. This is in
good agreement with the previous measurement.
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A closer look at the period spectrum reveals that a monomodal
curve with a half-period of about 1.49 + 0.01 h yields a similarly
good fit and therefore cannot be excluded. For this paper it is
assumed that the bimodal solution with a period of 3.01 £ 0.01 h is
the preferred solution.

11155 Kinpu is a member of the Eunomia family of asteroids. The
only previously reported rotational period is by Waszczak et al.
(2015) based on a fit to sparse data. They reported a period of
2.208 + 0.002 h with an amplitude of 0.06 mag.

5 Period Spectrum: 11155 Kinpu
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We observed 11155 Kinpu on three nights over a six-week period.
On two of the nights, we studied the asteroid for more than four
hours, thereby covering almost two complete rotations, if the
period of 2.208 h is correct. Unfortunately, we were not able to
confirm this period.

The best fit to our data is a rotational period of 10.41 + 0.01 h with
an amplitude of 0.16 mag. However, additional data are needed to
confirm this result, since a look at the period spectrum shows that
there are many solutions with a similar good fit to the data.
Therefore, we will limit ourselves to stating the amplitude and the
fact that the period seems to be substantially longer than the
previously reported period of 2.208 h.

26355 Grueber. This asteroid was observed by our group in 2018
December (Fauerbach and Fauerbach, 2019). Our reported result
did not agree with the only prior measurement by Waszczak et al.
(2015), which was based on a fit to sparse data. Therefore, we
jumped at the chance to verify our results two months later at a
very different phase angle. The asteroid was observed for roughly
5.5 hours, which would mean covering more than one complete
rotational period. The measured period of 4.495 + 0.028 h with an
amplitude of 0.74 mag fits well with our previous result of 4.539 +
0.001 h. Combining the datasets from our 2018 and 2019
observations, we derive a period of 4.540 + 0.001 h with an
amplitude of 0.88 mag.
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(47369) 1999 XA88 is a member of the Vesta family of asteroids.
Only one prior period measurement, by Chang et al. (2016), has
been reported. They derived a period of 2.55 £ 0.06 h with an
amplitude of 0.19 mag. The best bimodal fit to the current data
provides a period of 2.56 + 0.09 h with an amplitude of 0.28 mag.
This is in excellent agreement with the previous measurement.

A closer look at the period spectrum reveals that a monomodal
curve with approximately half the period, 1.32 + 0.04 h, yields a
similarly good fit and therefore cannot be excluded. For this paper
it is assumed that the bimodal solution with a period of 2.56 +
0.09 h is the preferred solution.
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Here we present the result of an observing campaign for
asteroid 349 Dembowska. In addition to period
determination, we show how to use the result to
determine absolute magnitude using the H-G system and
how to derive the diameter for an equivalent spherical
shape.

Asteroid 349 Dembowska was discovered on 1892 Dec. 9 by A.
Charlois at Nice and named in honor of astronomer Ercole
Dembowski (1812-1881), Dembowski is also honored by a lunar
crater. According to JPL Small-Body Database, it is a relatively
uncommon inner belt R-type asteroid (Tholen spectral type)
located just prior the 7:3 resonance with Jupiter, showing a high
albedo value (p = 0.384). According to MPC Database it has an
estimated spherical diameter of ~140 km with an absolute
magnitude of 5.93, a phase slope of 0.37 and a semi-major axis of
2.92 AU, with an eccentricity of 0.092 (MPC).

From February 27, 2019 to March 23, 2019, we carried out 4 CCD
observations at P.O.C. observatory, making the photometric
analysis of asteroid 349 Dembowska. Images were taken using a
V photometric filter with an Atik 314L+ b/w and a RC 8”.
Exposures ranged from 15 to 20 seconds. The image scale after
2x2 binning was 1.66 arcsec/pixel. All images have been corrected
with dark frame, bias and flat field images.

At the end of the work, after deleted spurious data, we used
Canopus to analyze 683 fits for about 11.4 hours of observation,
as presented in the table below, finding a synodic period of 4.6957
+ 0.0007 h that agrees rather well with that of 4.70117 h (Zappala)
and 4.7029 + 0.0054 h (MPB No.35-2 2008) reported in literature
even if our phase plot was derived with an incomplete dataset.

The lightcurve has an amplitude A=0.08 mag. Using this value we
can estimate the approximate ratio between the major and minor
axis of the asteroid shape:

A
a/b = 10(ﬁ)
For (349) Dembowska, we get

100*%%/25) = 1.0765

The H-G plot obtained with Canopus and the data gathered yields
to an H value of 5.96 + 0.18 assuming a fixed G value of 0.37.
This H value can be used to estimate the asteroid spherical
diameter with the formula (from JPL/NASA CNEOS):

1329.23

D = 10[31236-0.5:10g:0(p)-0.2H] —
Jp

. 10—0.2H

that, for 349 Dembowska, leads to

_ 132923

= 107025955 = 138,64 F 11.28 km

D
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03/22 119 +8.90 158.20 7.64
07/23 91 +9.19 158.21 7.61
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Lightcurves for 38 near-Earth asteroids (NEAs) obtained
at the Center for Solar System Studies (CS3) from 2019
March-July were analyzed for rotation period, peak-to-
peak amplitude, and signs of satellites or tumbling.

CCD photometric observations of 38 near-Earth asteroids (NEAs)
were made at the Center for Solar System Studies (CS3) from
2019 March-July. Table I lists the telescopes and CCD cameras
that are combined to make observations.

Up to nine telescopes can be used for the campaign, although
seven is more common. All the cameras use CCD chips from the
KAF blue-enhanced family and so have essentially the same
response. The pixel scales ranged from 1.24-1.60 arcsec/pixel.

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

Telescopes
.30-m £/6.3 Schmidt-Cass
.35-m £/9.1 Schmidt-Cass
.40-m £/10 Schmidt-Cass
.40-m £/10 Schmidt-Cass
.50-m £/8.1 Ritchey-Chrétien

OO O O o

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

All lightcurve observations were unfiltered since a clear filter can
cause a 0.1-0.3 mag loss. The exposure duration varied depending
on the asteroid’s brightness and sky motion. Guiding on a field
star sometimes resulted in a trailed image for the asteroid.

Measurements were made using MPO Canopus. The Comp Star
Selector utility in MPO Canopus found up to five comparison
stars of near solar-color for differential photometry. Comp star
magnitudes were taken from ATLAS catalog (Tonry et al., 2018),
which has Sloan griz magnitudes that were derived from the
GAIA and Pan-STARR catalogs, among others. The authors state
that systematic errors are generally no larger than 0.005 mag,
although they can reach 0.02 mag in small areas near the Galactic
plane. BVRI magnitudes were derived by Warner using formulae
from Kostov and Bonev (2017). The overall errors for the BVRI
magnitudes, when combining those in the ATLAS catalog and the
conversion formulae, are on the order of 0.04-0.05.

Even so, we found in most cases that nightly zero point
adjustments on the order of only 0.02-0.03 mag were required
during period analysis. There were occasional exceptions that
required up to 0.10 mag. These may have been related in part to
using unfiltered observations, poor centroiding of the reference
stars, and not correcting for second-order extinction terms.
Regardless, the systematic errors seem to be considerably less than
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other catalogs, which reduces the uncertainty in the results when
analysis involves data from extended periods or the asteroid is
tumbling.

In the plots below, the “Reduced Magnitude” is Johnson V as
indicated in the Y-axis title. These are values that have been
converted from sky magnitudes to unity distances by applying
—5*log (rA) to the measured sky magnitudes with r and A being,
respectively, the Sun-asteroid and Earth-asteroid distances in AU.
Unless otherwise stated, the magnitudes were normalized to the
phase angle in parentheses using G = 0.15. The X-axis is the
rotational phase, ranging from —0.05 to +1.05.

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

Our initial search for previous results started with the asteroid
lightcurve database (LCDB; Warner ef al., 2009) found on-line at
http://www.minorplanet.info/lightcurvedatabase.html. Readers are
strongly encouraged to obtain, when possible, the original
references listed in the LCDB.

1036 Ganymed. There are several references in the LCDB giving
rotational values for this 32-km NEA. The most extensive report
was by Pilcher et al. (2012), who followed the asteroid for several
months and were able to make a detailed account of lightcurve
synodic period and amplitude. They gave P = 10.309 h when
using the entire data set. Using subsets, they found periods
10.280-10.345, making our result of 10.318 h in good agreement.
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The trimodal shape is unusual but entirely possible because of the
low phase angle and amplitude (Harris et al., 2014).
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3103 Eger. This 2-km NEA has been well-studied over the years.
Durech et al. (2012) used sparse and dense lightcurve data to
determine that the YORP (Yarkovsky—O'Keefe—Radzievskii—
Paddack; Rubincam, 2000) effect was causing the asteroid’s
rotation period to decrease. The uncertainty was significant;
additional lightcurves extending the total range of observations
will be useful for refining their result.
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4581 Asclepius. The period spectrum showed several nearly equal
solutions from our 2019 data. The only previous results in the
LCDB were from Pravec et al. (2019), who found a secure
solution at 8.008 h. Our data fit to 8.006 h, but there is a
significant gap in coverage. A review of solutions between 3-7
hours for a good half-period (4.805 h, “Alt 1) made an argument
for a solution near 9.6 h (“Alt 2”). We have adopted P = 8.006 h
for this paper but consider it ambiguous and note that the other
solutions cannot be formally excluded.
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5332 Davidaguilar. The earliest result for this 3-km NEA is from
Binzel (1990; 5.82 h), who observed it when it had only the
designation 1990 DA. The rotation period was subsequently
refined to 5.803 h (Wisniewski et al., 1997). Other than a sidereal
period derived through shape modeling (Hanus et al., 2016), those
are the only previously reported periods. Our result of 5.821 his a
little longer in comparison, but that may be due in part to sidereal-
synodic period differences. It’s also possible that another night or
two, e.g., to get better coverage from 0.8-1.0 rotation phase, would
have made our period match the others.
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(5693) 1993 EA. We observed 1993 EA in 2017 January (Warner,
2017b). At the time, a period of 2.496 h was found along with a
second period of 16.55 h, which was suspected to have been due
to a satellite. We observed the asteroid again in 2018 April when
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the phase angle bisector longitude (Lpag) Was about 80° from the
2017 apparition. We found P = 2.4956 h but no traces of a second
period. This is not surprising since our data were noisy and the
lightcurve amplitude only 0.06 mag.

(5693) 1993 EA
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(12538) 1998 OH. The diameter of 1998 OH is about 2 km. We
worked it several times in the past. First was Warner (2015a),
when an ambiguous solution of 5.833 h or 2.914 h was reported.
Using data from 2016 (Warner, 2017a), a new solution of 5.154 h
was found and the previous result was revised to 5.191 h. Most
recently (Warner, 2019), we used data from 2018 to find a period
of 2.592. Revisits to the previous data sets revised those results as
well, but all new results were considered ambiguous, with a
double-period still possible.
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The period spectrum using the 2019 data shows the shorter period,
2.5804 h, is favored while a check of the double period using a
split-halves plot shows mirrored halves, which is highly unlikely.
This, along with results from Skiff et al. (2019b), leads to the
conclusion that the true period is about 2.58 h and that the double
solution, even though it cannot be formally excluded, can be
safely rejected.

(68216) 2001 CV26. Stephens et al. (2015) reported this to be a
suspected binary asteroid, finding P; = 2.429 h and P, = 21.89 h.
They also reported that previous radar observations did not show
traces of a satellite and so the claim of being binary was
considered tenuous at best.
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Our data from 2019 led to P; = 2.4292 h. The difference between
the “NoSub” and “P1” plots again raised the possibility of a binary
asteroid. We eventually found P, = 15.83 h and a bimodal
lightcurve that resembles a typical case of a tidally-locked,
elongated satellite. The new period is not an integral multiple with
the one from Stephens et al. Here again, the evidence is weak and
so the true nature of the asteroid remains a mystery.

(68950) 2002 QF15. Shepard et al. (2008) reported results from
radar observations in 2003 and radar and photometric observations
in 2006. The radar data indicated a size of about 2 km and a
preferred rotation period of about 47 h, which was the period
found from the photometric data, although the half-period (23.5 h)
could not be excluded at the time.

We observed the asteroid in 2019 June. The data analysis found a
period of 45.24 h, in close agreement with the preferred radar
period. Despite the lack of coverage, the asymmetric shape made
the half-period solution implausible, and so the longer solution is
confirmed.
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(85236) 1993 KH. The LCDB did not list any rotation periods for
1993 KH, which has an estimated diameter of 540 meters. While
the data were noisy, we’re confident that the result of P =5.057 h
is secure since the somewhat low phase angle and amplitude
strongly favor a bimodal solution (Harris et al., 2014). Other
factors favoring the solution are the asymmetry of the lightcurve
(which ruled out the half-period solution) and that fact that some
sessions covered almost a complete rotation of the presumed
period.
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(85989) 1999 JD6. There are numerous results in the LCDB for
this 1.1 km asteroid, e.g., Polishook and Brosch (2008, 7.6638 h),
Warner (2015b, 7.673 h), and Aznar et al. (2018, 7.685 h). Our
latest result is consistent with those.
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(112221) 2002 KH4. In the absence of other information, the
lightcurve closely resembles one of an elongated satellite that is
tidally-locked to its orbital period and shows mutual events. The
estimated diameter is 2.4 km and so the size and putative orbital
period are consistent with known binary asteroids. Subtracting the
period from data in a dual-period search finds a nearly flat, noisy
“curve” with a period of 2.479 h. This is also consistent with being
a binary. This asteroid warrants detailed observations at future
apparitions.

16.85( (112221) 2002 KH4 1

16.90| Period: 12.866 + 0.004 h Amp: 0.13 ]
% 1695 §
< 17.00} §
g
£ 17.05- §
o
S 1710f N
8 17451 N
2
£ 17.20 i
i=]
S 17.251 N
T 17.30 Year: 2019 + 16757 - 05/22 B
8 - ¥ 16723-05/14 Vv 16763 - 05/24
3 17.351- M 16728 -05/17 4 16770 -05/25 B
T - A 16730-0517 V¥ 16779 - 05/26
3 17.40- ¥ 16735-05/18 @ 16785 -05/27 i

+ 16741-05/20 A 16794 -05/28
W 16744 -05/20 M 16806 - 05/29
+ 16749 -05/21 % 16823 - 05/31
% 16751 - 05/21 — 6th Order

JDO(ITTC):J2458(|i17.8(i)25431 | l J | | l
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

Minor Planet Bulletin 46 (2019)



(141525) 2002 FV5. The estimated diameter is 750 meters. There
were no listings in the LCDB prior to this.
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(144898) 2004 VD17. De Luise et al. (2007) found a period of
1.99 h. The period is slightly below the “spin barrier” of P < 2.0-
2.2 h, which might imply a strength-bound structure or strong
cohesive forces in a “rubble pile.” Our result of 3.369 h puts the
asteroid back into the league of ordinary asteroids.
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The data from our 2019 observations led to a period of 37.26 h.
The noisy data do make the solution somewhat suspect but the
slopes of the individual sessions are a good match to the Fourier
curve. To be sure, we reviewed the 2014 data and found that a
solution of 14.69 h was still slightly favored over one of 37.4 h but
both showed an asymmetry of the maximums being 0.6 rotation
phase apart and the longer period lightcurve with radically
different minimum depths. We have adopted the 2019 result for
this paper.

(163696) 2003 EBS50. Pravec et al. (2019) found a period of
62.31 h based on data obtained in 2015. Our result is in good
agreement.
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(162181) 1999 LF6. Pravec et al. (1999) found a period of
16.007 h. Warner (2014) reported 14.77 h.
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(244670) 2003 KN18. The period spectrum showed numerous
solutions with nearly equal RMS minimum values. After single-
and dual-period analysis, we suspect that the asteroid is in a low-
level state of tumbling (see Pravec et al., 2014; 2005).

MPO Canopus does not implement an algorithm suitable for
analyzing tumbling asteroids, which is to solve for two periods
simultaneously instead of iteratively. In some cases, however,
when the two periods are similar or have a readily identified “beat
period” (when the two periods repeat in an almost perfect integral
ratio), MPO Canopus can be used to get a first-order solution for
the two periods.

This seemed to be the case here and so we did a dual-period search
that found two distinct periods of P; = 20.887 and P, = 37.06 h.
These have a beat period of Pg.,, = 146.2 h, or a 7:4 ratio. When
we forced a period of P, two pairs of sessions were found in
which the two sessions in each pair overlapped about every 6 days
(144 h).
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(244670) 2003 KN18'
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( h ) 7.141 h and amplitude of 0.40 mag using a “dense sparse” data set.
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(257744) 2000 AD205. Skiff et al. (2012; 2019a) reported on one
night of observations in 2008 June to say that no period could be

(453778) 2011 JK. Skiff et al. (2019b) found a period of 2.4567 h

found. using a very high-quality data set obtained about two weeks after
ours. Our result is in good agreement.
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(326777) 2003 SV222. There were no previous lightcurve results
in the LCDB. The period spectrum showed some alternate
solutions but the RMS for a period of 28.01 h was clearly favored.

(455736) 2005 HC3, (494999) 2010 JU39. There were no
previous entries of any kind for either of these NEAs. 2005 HC3
has an estimated diameter of 820 meters; the diameter of 2010
JU39 is about 360 m. The solution for 2010 JU39 is based on
fitting a presumed half-period of 15.11 h. Neither the half- or full-
period lightcurve is complete. Given the amplitude, it’s likely that
P =30.2 h is the correct solution.
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2002 JW15. Pravec et al. (2019) found a period of 11.489 h. Our
period of 11.44 h is in good agreement with theirs when
considering the generally lesser quality of our data.

In most cases, we assume G = 0.15 to normalize the data to the
earliest session. In this case, that led to some larger than expected,
or wanted, zero point shifts. We then tried G = 0.05 and
G = 0.3-0.5 and found that the zero point shifts were essentially
removed when using G = 0.5. When using G = 0.5, we found an
absolute magnitude H = 20.92 + 0.44. Pravec et al. used
G = 0.24 to determine H = 20.60.
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2006 KE. This appears to be the first reported rotation period for
this 370-meter NEA. Fortunately, the amplitude was sufficient to
overcome the low SNR. Even so, the solution is not considered
secure but is still very likely correct.
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2008 HS3. Using data centered on 2019 May 1, Pravec et al.
(2019) reported P = 10.75 h and amplitude 4 = 0.17 mag. We
followed the asteroid from 2019 May 12-20 to track how its
lightcurve shape, period, and amplitude changed as the phase
angle increased from 21° to 44° over that time.

A solution using the entire data set (“May 12-20”) is a bit
confusing since the amplitude increased significantly at the end.
We found a period such that the extrema lined-up to the same
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rotation phase as much as possible. The period we adopt for this
paper is 10.67 + 0.01 h but we note that the synodic period varied
considerably when using subsets of the data and, in some cases,
was ambiguous to where we report more than one period for a
given subset. The most interesting solution was the trimodal
lightcurve that gave the best fit for the subset May 17-20.

Needless to say, many of the solutions are far from the adopted
period because of significant gaps in lightcurve coverage. Still,
this made for an interesting exercise and demonstration of
lightcurve evolution.
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2008 WX32, 2009 DL1. Both of these NEAs are first-time entries
in the LCDB. The solution for 2008 WX32 is considered secure.
Its estimated diameter is 410 meters. The solution for 2009 DLI1 is
less secure. Given the unusual shape and somewhat sparse
coverage, we included the period spectrum to show that
P =31.83 h is the only valid result — until a denser and/or higher-
quality data set comes along.

21.50F
~21.601
=
g 2170
£ 21801
s
T 21.90|
2
T 22.00|
K]
£ 22101
o
8 22.20}

=
T 22301 il o { 1
o

i
2 22.40- ¥l Amp: 0.82 |
3

Year: 2019
& 2250 o 16638 - 05/01| |
22.60

% 16639 - 05/01
W 16640 - 05/01 |
® 16641 - 05/01
4 16642 - 05/02
* 16644 - 05/02
i + 16645 - 05/02
Period: 5.056 + 0.003 h B 16646 - 05/02

JDo(LTC): 2458604.646121 —Sth Order
] Il
000 010 020 030 040 050 060 070 080 0.90 1.00

2009 DL1

= A A A
o = N »

RMS error (x 0.01 mag)

N ® b O N ©

Period (hours)

15 20 25 30 35

19.951- ;2009 DL1 |
} Period: 31.83 £ 0.02 h Amp: 0.35

20.00+

20.05
20.10+
20.15+
20.20+
20.25+

gnitude(V) alpha(26.9°)

ed Magni

N NN

S © 9o

W W

o O O
T

Year: 2019
© 16481-03/28 + 16525 - 04/09 T
Il 16486 - 03/29 W 16526 - 04/10
® 16497 -03/31 3 16527 - 04/11 T

3
3 2045

o
20.50+
4 16508 - 04/03 & 16540 - 04/13
20.55 1 16518 -04/07 + 16541 -04/14 1
JDO(LTC): 2458570.633632 |+ 165240408 —dth order
Il Il 1 1 1 1

000 010 020 030 0.40 0.50 0.60 0.70 0.80 0.90 100

2011 HP. Pravec et al. (2019) found a period of 3.939 h using data
from 2019 April. About the same time, Skiff (2011) reported a
period of 3.942 h. As we did for 2008 HS3, we followed the NEA
over a wide range of phase angles (15°-51°) to demonstrate
lightcurve synodic period and amplitude changes. Using the entire
data set (“All”), we have adopted a period of 3.9398 + 0.0003 h
and amplitude 0.40 mag.
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Most nights allowed capturing all or most of a complete rotation
assuming the adopted period and so the individual lightcurves give
a good sense of the changing lightcurve properties.

Data over the large range of phase angles allowed us to try finding
the H and G parameters. The plot shows a very good fit to the
solution of H = 21.76 + 0.04, G = —-0.121 £+ 0.012. Pravec et al.
found A =21.90 £ 0.04 using an assumed G = 0.12 + 0.08.
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2014 LJ21, 2014 SZ303. This appears to be the first reported
rotation period for both asteroids. 2014 LJ21 has an estimated
diameter of 1.8 km. The estimated diameter for 2014 SZ303 is 700
meters.
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2018 EB. Here was a case where combined radar and photometric
observations helped find the most likely correct period. Radar
observations clearly showed that the asteroid was binary with the
satellite being a few tens of meters in size (Brozovic et al., 2019).
Unfortunately the radar data could not uniquely identify the
rotation period of the asteroid or the orbital period of the satellite.
Photometric observations from other locations showed no
significant trend in the data, i.e., a “flat” lightcurve.
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Our raw lightcurve data showed what appeared to be a bimodal
lightcurve that fit to a period of 6.32 h. However, this was
incompatible with the radar data. Looking at the period spectrum,
a solution near 3.1 h shows a distinct RMS minimum while
solutions P > 5 h “faded away” in what we call harmonic ringing.
Such behavior is often seen as the Fourier analysis finds
progressively longer periods that differ by a half- or full- rotation
over the span of the observations.

We have adopted P = 3.16 h for this paper even though it has a
monomodal shape. The amplitude is under the “limit” where a
bimodal solution is almost required (Harris et al., 2014) but, more
important, this period helps make sense of the radar observations.

13 2018 EB
- 12
g 1
< 10
<
o 9
Z s
S
s 7
[
g 6
¥ 5
4
3 Period (hours)
2 3 4 5 6 7 8 9 10
T T T T T T T T T
2018 EB Pref
Period 3.16 £ 0.01 h Amp: 0.26
23.851 —
23.90| I R
& 23.951 || "i i e
8 24.00} l‘ E
w u “ ‘Illll l\n :
5 24.05 ho Pl il H .‘ 4
S 2410 s || i “’uulln 1
5 00 e u
s AR i
2 l i
T 2420 ‘! Year: 2018 “ L I‘lﬁ‘" Miil " b
A 14946 - 04/08 ,m
S| e Bk il M 1
g 24301 % 14959 - 04/09 |‘| i ”” H; T
] 24.351- ® 14961 - 04/09) I i 1 i
o v 14963 - 0409 [.‘3 I!,w”‘}‘
4 14964 - 04/09 T (ol Nl
® 24401 + 14965 - 04109 I {"‘H”i ‘
24.45 —2nd Order "IH" i
I
JDo(LTC): 2458216.693011
1 Il 1 Il 1 Il Il 1 Il 1 Il
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
T T T T T T T T T T T
2018 EB Alt
23.85|- Period: 6.32 £ 0.02 h Amp: 0.28 i
23.90 B
g 23.95- E
8 24.001 ]
2
s 24.05- B
224101 -
2
g 2415+ 4
2
£ 2420 g
& 24.25 E
I 2.
T 24301 —
§ 24.351- Year: 2018 B
. A 14946 - 04/08
+ 14949 - 04/08
® 24401 * 14956 - 04/09) ]
* 14950 - 0409
24.45- ® 14961 - 04/09 ]
¥ 14963 - 04/09
* 14964 - 0409
+ 14965 - 04/09
JDo(LTC) 2458216 693011 ——4th Order

000 010 020 030 040 050 060 070 080 090 100

Minor Planet Bulletin 46 (2019)



434

2018 XG5, 2019 HC. Both of these NEAs are newcomers to the
LCDB listings. The estimated diameter of 2018 XG5 is 280
meters. The short period for 2019 HC, P = 1.2612 h, is somewhat
unusual for an object its size, which puts it noticeably above the
so-called “spin barrier.” However, it has plenty of neighbors in the
frequency-diameter plot from the LCDB data.
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2019 KZ3. We suspect that this 40-meter asteroid might be binary,
or is in a state of non-principle axis rotation (NPAR, tumbling). At
the scale presented here, it is difficult to see that a second period
might be in the lightcurve plot without subtraction of a second

. Frequency/Period vs. Diameter
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2019 JB1, 2019 FP2. Neither of these NEAs was in the LCDB
prior to our observations. The solution for 2019 JB1 is ambiguous.
We have adopted the period P = 8.30 h as being very likely. For
2019 FP, there is a Fourier curve in the lightcurve that is clearly
the result of a failed attempt to fit to the noise. We offer no period
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However, after close examination, we tried a dual-period search
and found a clear secondary period, the low SNR data
notwithstanding. As of 2019 July, the binary with the smallest
primary is 2015 TD144 (D = 0.09 km; Radar Team, 2015).

2019 MB4, 2019 JX7. These are both new entries to the LCDB.
The estimated size of 2019 MB4 is only 20 meters, so its super-
fast rotation period of 0.134411 h (8.06 min; 483.6 s) is not
surprising. We were fortunate that the asteroid was sufficiently
bright so the required short exposures due to sky motion still
allowed reasonably high SNR values.

The estimated diameter of 2019 JX7 is 150 meters. At this size, it
is not uncommon for an asteroid to have a rotation period P <2 h.
Our period of 14.09 h is not extraordinary for being long. In fact,
it is somewhat short among the 57 objects in the LCDB (2019 July
14) with a reliable period, D < 0.2 km, and P > 10 h. The longest
belongs to 2013 US3 at 450 h.
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Number Name 20xx mm/dd* Phase Lpas Bpas Period(h) P.E. Amp A.E.
1036 Ganymed 06/03-06/09 15.7,17.0 205 -1 10.318 0.002 0.11 0.01
3103 Eger 04/07-04/15 21.6,20.7 212 30 5.7103 0.0005 0.55 0.03
4581 Asclepius 04/07-04/14 31.8,19.0 215 8 8.006 0.005 0.27 0.03

Alternate 1 4.805 0.002 0.21 0.03
Alternate 2 9.607 0.005 0.24 0.03
5332 Davidaguilar 05/01-05/02 15.4,15.4 218 32 5.821 0.007 0.62 0.05
5693 1993 EA 04/07-04/28 *9.0,15.1 204 8 2.4956 0.0003 0.06 0.02
12538 1998 OH 05/30-06/01 73.3,71.2 207 28 2.5804 0.0006 0.22 0.02
Alternate 5.160 0.002 0.23 0.02
68216 2001 CV26 03/30-04/11 47.5,45.5 151 15 2.4292 0.0001 0.24 0.02
P2 (satellite?) 15.83 0.02 0.13 0.02

68950 2002 QF15 06/01-06/24 63.1,53.0 224 21 45.24 0.02 0.36 0.03
85236 1993 KH 05/03-05/06 17.1,19.7 209 8 5.057 0.005 0.32 0.03
85989 1999 JD6 06/03-06/07 29.3,28.0 262 27 7.661 0.002 1.08 0.03

112221 2002 KH4 05/14-05/31 45.8,46.8 254 48 12.866 0.004 0.13 0.02

141525 2002 FV5 04/07-04/18 *33.4,34.0 212 24 14.450 0.008 0.47 0.03

144898 2004 VD17 04/19-04/25 23.0,34.2 190 -4 3.369 0.002 0.19 0.03

162181 1999 LF6 05/03-05/13 *12.6,15.0 229 13 37.26 0.07 0.32 0.04

Revised 14/05/22-05/28 22.0,26.1 236 21 37.4 0.2 0.33 0.03

163696 2003 EBS5O0 05/01-05/13 18.9,22.0 217 22 62.06 0.03 1.01 0.03

244670 2003 KN18 05/21-05/29 60.2,53.0 212 30 20.887 0.007 1.01 0.05

P2 (NPAR?) 37.06 0.07 0.5 0.1

257744 2000 AD205 05/24-05/26 21.4,23.0 238 18 5.80 0.01 0.29 0.03

326777 2003 SvV222 05/28-06/04 *21.8,31.2 228 6 28.01 0.05 0.14 0.01

355256 2007 KN4 06/04-06/07 23.0,25.6 235 7 7.152 0.003 0.43 0.02

453778 2011 JK 05/14-05/20 77.5,73.4 194 16 2.4580 0.0004 0.33 0.03

455736 2005 HC3 06/08-06/25 *23.1,13.2 263 14 14.40 0.02 0.34 0.04

494999 2010 Ju39 06/26-06/28 55.2,69.1 247 19 30.2 0.1 0.48 0.05

2002 JwWls 05/01-05/08 26.3,37.8 203 0 11.44 0.02 0.45 0.04
2006 KE 06/02-06/04 30.4,32.5 260 22 6.95 0.02 0.43 0.05
2008 HS3 05/12-05/20 21.3,43.6 245 14 10.67 0.01 0.26-0.83
2008 HS3 05/12-05/13 21.3,24.7 240 9 10.60 0.04 0.30 0.02
2008 HS3 05/13-05/14 24.7,28.0 242 11 8.98 0.05 0.26 0.02
Alternate 13.39 0.05 0.31 0.03
2008 HS3 05/14-05/17 28.0,36.9 245 14 9.94 0.02 0.36 0.03
Alternate 13.90 0.01 0.36 0.03
2008 HS3 05/17-05/20 36.9,43.6 248 19 13.33 0.02 0.83 0.05
2008 WX32 05/01-05/02 68.9,66.8 199 39 5.056 0.003 0.82 0.05
2009 DL1 03/28-04/14 27.0,39.1 169 -2 31.83 0.02 0.35 0.03
2011 HP 05/21-05/30 14.9,51.5 246 15 3.9398 0.0003 0.40 0.05
05/21-05/21 14.9 234 6 3.86 0.06 0.28 0.02
05/22-05/22 16.2 236 8 3.74 0.03 0.32 0.02
05/24-05/24 20.1 240 11 3.5 0.3 0.31 0.02
05/25-05/25 23.2 243 12 3.93 0.02 0.32 0.02
05/26-05/26 27.1 245 15 3.81 0.07 0.40 0.02
05/27-05/27 32.0 249 17 3.50 0.01 0.30 0.02
05/28-05/28 37.8 252 19 3.95 0.02 0.40 0.03
05/29-05/29 44 .4 257 22 3.87 0.01 0.46 0.03
05/30-05/30 51.5 262 24 4.06 0.02 0.54 0.03

Table Il. Observing circumstances. # All dates are in 2019 unless the first date includes a two-digit year. The phase angle (o) is given at the
start and end of each date range. If there is an asterisk before the first phase value, the phase angle reached a maximum or minimum
during the period. Lpag and Beag are, respectively the average phase angle bisector longitude and latitude (see Harris et al.,1984). Some
asteroids have more than one line. If the additional lines have “Alternate”, the result is ambiguous. The line in bold text is the period adopted
for this work and the additional lines give the alternate solutions. If “P2” is the second line, it is a secondary period that is due to a confirmed
or suspected satellite. “NPAR” indicates that the line has the second period of a tumbling asteroid. “Revised” indicates a new period using a
previous data set that is based on the period adopted in this work. See the text for additional details.
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Number Name 20xx mm/dd* Phase Lpas Bpas Period(h) P.E. Amp A.E.
2014 LJ21 05/03-05/08 53.2,48.8 171 36 16.41 0.03 0.19 0.03
2014 Sz303 06/26-07/02 53.1,40.8 251 19 5.8559 0.0007 0.31 0.02
2018 EB 18/04/08-04/09 55.9,62.9 197 31 3.16 0.01 0.26 0.05
Alternate 6.32 0.02 0.28 0.05
2018 XG5 05/08-05/13 51.6,41.1 209 17 2.6594 0.0003 0.26 0.02
2019 HC 04/26-04/27 20.4,21.3 227 9 1.2624 0.0003 0.09 0.01
2019 JB1 05/12-05/14 10.1,11.8 229 5 8.30 0.02 0.27 0.03
2019 FP2 05/01-05/02 60.8,60.4 199 26 - - - -
2019 Kz3 06/05-06/08 *39.8,36.0 261 13 0.393684 0.000007 1.40 0.05
P2 (satellite?) 17.2 0.1 0.20 0.04
2019 MB4 07/08-07/09 82.7,72.4 271 30 0.134411 0.000004 0.55 0.05
2019 JxX7 05/31-06/02 23.7,26.8 237 8 14.09 0.02 0.60 0.03

Table 1l (contd). Observing circumstances. # All dates are in 2019 unless the first date includes a two-digit year. The phase angle (o) is
given at the start and end of each date range. If there is an asterisk before the first phase value, the phase angle reached a maximum or
minimum during the period. Leag and Bpag are, respectively the average phase angle bisector longitude and latitude (see Harris et al.,1984).
See the text when there is more than one line for the same asteroid.
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Data for asteroid 2727 Paton were collected from
February 5th to March 4th 2019. The lightcurve analysis
obtained has led to a bimodal curve with a period of
5.325 £ 0.001 h, amplitude 0.26 mag, with a full
coverage. We have also obtained data in V and Rc
filters, alternately, for color index V-R found to be 0.50
+0.06 mag. Maximum reduced magnitudes have been
extrapolated from each session in order to determine H
and G parameters, found to be, respectively, 12.46+0.05
mag and 0.25 +0.09 mag. Values found are consistent
with an S-type taxonomy.

2727 is a main-belt asteroid (middle belt), discovered by N.
Chernykh, in 1979. It has a semi-major axis of 2.609 AU, orbital
period of 4.21 years, eccentricity of 0.102 and inclination of 3.509
deg (JPL Small-Body Database Browser). This nine-kilometer-
sized asteroid has an absolute magnitude of 12.2 and a geometric
albedo of 0.311 (from NEOWISE Diameters and Albedos V2.0,
Mid-IR Photometry). No rotation period and lightcurve were
reported for this object at the best of our knowledge. Observations
were conducted by a 0,30 m Newtonian telescope at f/4, with a
KAF 1603 ME 1536x1024 x 9.0-micron, unfiltered (Elianto
Observatory, K68) and a 0.50-m Ritchey-Chretien telescope
operating at f/8, using a FLI-PL4240 CCD camera with
2048x2048 array of 13.5 micron pixels and equipped with a Rc
and V photometric filters (OASDG, Agerola, Naples. L07).
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A total of 504 lightcurve data points were collected in eight
observing sessions from 2019 February Sth, to 2019 March 4th,
with exposing times ranging from 240 s through 360 s, seven of
which were divided in two parts (before and after meridian flip).
For this reason, sessions shown are a total of fifteen.

Table I lists the telescope/CCD camera combination used to
collect the data. Master dark and flat were obtained using CCD
Stack (CCD Ware). MPO Canopus (Warner, 2016) was used to
measure the magnitudes with CMC15 catalogue. This catalogue
has a very high internal consistency in r' (sdss) and J, K (2MASS)
bands. r' magnitudes has been converted to standard Cousin R
band, by using R =r' - 0.22 (R. Dymock and R. Miles, 2009).

This Rc derived magnitude has been reduced for unity Sun-
asteroid and Earth-asteroid distances in AU and normalized to the
given phase angle of 11.2°, using G= 0.15. Night-to-night zero-
point calibration was accomplished by selecting up to five
comparison stars with near-solar colors, using the "comp star
selector" feature. The "starBgone" routine within MPO Canopus
was used, as well, in order to subtract stars that occasionally
merged with the asteroid during the observations. MPO Canopus
was also used for rotation period analysis, adopting FALC method
by Harris (Harris, 1989).

We found a period of 5.325 + 0.001 hours. The data indicate a
lightcurve amplitude change of 0.26 magnitudes with two
maximum (figure 1). Table II gives the observing circumstances
and results. The period spectrum provided, shows that the best
solution (thus with lowest RMS) is the one adopted here (figure
2).

With two nights spent gathering data in V and Rc bands
(alternately), using 0.50 m R.C. telescope, we obtained V-R plots
separated by V-R = 0.50 mag. We used two nights to be more
confident with the result (figure 3). Apass9 catalogue was used for
reducing data. This catalogue provides native Johnson V band
with a very high internal consistency, usually within 0.03
magnitudes. Using VizieR web site, Sloan r' band was converted
in standard Cousin R by R =r' - 0.065 x (g' — i') - 0.174 (North
Equator, U. Munari, 2012). The same comparison solar color star
were used for both sets of images. Finally, the average value from
two nights has been found. Using polynomial fit, maximum
reduced magnitudes was extrapolated from any raw session in
order to obtain H-G plot in R-band. The curve fit was performed
using MPO Canopus utility, "H/G Calculator".

The absolute magnitude H obtained, has been converted in V band
by adding the V-R color index previously found, resulting with Hv
= 12.463 mag. The slope parameter found is G = 0.2540.09 (figure
4). Both the color index (V-R) and the slope parameter determined
here, are consistent with an S-type taxonomy (Shevchenko-
Lupishko, 1998).

Site Ap (m) Type f/ Camera Array Filter
Pontecagnano, (SA),Italy 0.30-m N 4.0 KAF1603ME 1536x1024%9.0q C
Agerola (NA),Italy 0.50-m RC 8.0 FLI-PL4240 2048x2048x13.51u Rc
Table I. List of telescope/camera combinations. RC=Ritchey-Chrétien, N=Newton,
Number Name 2019 mm/dd Pts Phase Lpas Bpas Period(h) P.E. Amp A.E. U Exp
2727 Paton 02/05-03/04 504 11.2,2.7 159.2 -3.3 5.325 0.001 0.26 0.01 2 180/360

Table Il. 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 (see Harris et al., 1984). The U rating is our estimate and not necessarily the one
assigned in the asteroid lightcurve database (Warner et al., 2009). Exp is average exposure, seconds.
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Finally, using the obtained data and the value of the geometric
albedo from NEOWISE, we calculated the asteroid diameter,
using the following relation (Harris and Harris, 1997):

D = 1329/(py)***10 **,

to be 7.7 Km.
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Figure 1: Lightcurve of (2727) Paton phased to a period of 5.325 h,
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Figure 3: Observations of 2727 Paton, 2019 March 24 in R and V
magnitudes.
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COLLABORATIVE ASTEROID PHOTOMETRY
FROM UAI: 2019 MAY-JUNE
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Photometric observations of four main-belt and one
near-Earth asteroids were made in order to acquire
lightcurves for shape/spin axis models. The synodic
period and lightcurve amplitude were found for: 234
Barbara: 26.482 + 0.006 h, 0.21 mag; 1166 Sakuntala:
6.2918 + 0.0006 h, 0.24 mag.; 1914 Hartbeespoortdam:
6.3398 + 0.0006 h, 0.10 mag; 2433 Sootiyo: 7.235 +
0.005 h, 0.35 mag; (66391) 1999 KW4: 2.7644 + 0.0002
h, 0.15 mag. We also confirmed the binary nature of the
asteroid (66391) 1999 KW4.

Collaborative asteroid photometry was made inside the UAI
(Italian Amateur Astronomers Union) group. The targets were
selected in order to acquire lightcurves for shape/spin axis models.
The CCD observations were made in 2019 May-June using the
instrumentation described in Table I. Lightcurve analysis was
performed at the Balzaretto Observatory with MPO Canopus
(BDW Publishing, 2016). All the images were calibrated with dark
and flat frames and converted to R magnitudes using solar colored
field stars from CMCI1S5 catalogue, distributed with MPO
Canopus. Table II shows the observing circumstances and results.

441

234 Barbara is an Ld-type (Bus & Binzel, 2002) inner main-belt
asteroid discovered on 1883 August 12 by Peters, C. H. F. at
Clinton. Collaborative observations were made over ten nights.
We found a synodic period of P = 26.482 + 0.006 h with an
amplitude 4 = 0.21 + 0.02 mag. The period is close to the
previously published results in the asteroid lightcurve database
(LCDB; Warner et al., 2009).
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1166 Sakuntala is an inner main-belt asteroid, discovered on 1930
June 27 by Parchomenko, P. at Simeis. Collaborative observations
were made over six nights. We found a synodic period of P =
6.2918 + 0.0006 h with an amplitude 4 = 0.24 £+ 0.02 mag. The
period is close to the previously published results in the asteroid
lightcurve database (LCDB; Warner et al., 2009).
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Observatory (MPC code) Telescope CCD Filter Observed Asteroids
DSFTA Observatory (K54) 0.30-m MCT /5.6 SBIG STL-6303e (bin 2x2) Re,C 234,1166,2433,66391
M57 (K38) 0.30-m RCT /5.5 SBIG STT-1603 C 1914,66391

WBRO (K49) 0.235-m SCT f/10 SBIG ST8-XME Re,C 234,1166,2433
GAMP(104) 0.60-m NRT f/4 Apogee Alta C 1914,66391

GiaGa Observatory (203) 0.36-m SCT f/5.8 Moravian G2-3200 C 66391

Filzi School Observatory 0.35-m RCT 1/8 QHY9 (KAF8300) Rc 1166,1914

Santa Maria a Monte (A29) 0.40-m NRT /5 DTA Discovery plus Kaf 260 C 66391

Table |. Observing Instrumentations. MCT: Maksutov-Cassegrain, RCT: Ritchey-Chretien, SCT: Schmidt-Cassegrain, NRT: Newtonian

Reflector, SCT: Schmidt-Cassegrain.
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1914 Hartbeespoortdam is an inner main-belt asteroid, member of
the Vestoid group, discovered on 1930 September 28 by Van
Gent, H. at Johannesburg. Collaborative observations were made
over six nights. We found a quadrimodal lightcurve with a synodic
period of P = 6.3398 + 0.0006 h and an amplitude 4 = 0.10 + 0.02
mag. The period is close to the solution published by Pravec et al.
(2015; 6.331 £ 0.003 h).
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2433 Sootiyo is a middle main-belt asteroid discovered on 1981
April 05 by Bowell, E. at Flagstaff. Collaborative observations
were made over three nights. We found a synodic period of P =
7.235 £ 0.005 h with an amplitude 4 = 0.35 + 0.03 mag. The
period is close to the solution published by Behrend (2007; 7.2298
+0.0002 h).
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(66391) 1999 KW4 is an S-type Aten near-Earth asteroid,
discovered on 1999 May 20 by LINEAR at Socorro. This asteroid
is a binary system as reported by Benner et al. (2001) and Pravec
et al. (2001). Collaborative observations were made over ten
nights. The analysis was done using the dual period search
function implemented in MPO Canopus. We found a primary
synodic rotational period of P = 2.7644 + 0.0002 h with an
amplitude 47 = 0.15 + 0.04 mag; orbital period P> = 17.468 +
0.008 h with a maximum attenuation for the deeper event of 0.27
+ 0.03 mag, observed on May 30, 2019. Those periods are
consistent with the previously published results in the asteroid
lightcurve database (LCDB; Warner et al., 2009).

Magnitude(R) alpha(75.3°) Magnitude(R) alpha(75.3°)

Magnitude(R) alpha(75.3°)

-0.30
-0.25
-0.20
-0.15
-0.10
-0.05
0.00
0.05
0.10
0.15
0.20
0.25
0.30

-0.30

-0.25-

-0.20
-0.15
-0.10
-0.05
0.00
0.05
0.10
0.15
0.20
0.25

0.30

-0.30
-0.25
-0.20
-0.15
-0.10
-0.05
0.00
0.05
0.10
0.15
0.20
0.25

0.30

- Period: 2.7644 + 0.0002 h

JDO(LTC) 2458633 377042

— Phased Plot: (66391) 1999 KW4

Year: 2019)
©1.0529

42.05130

= 1606113

—[No Sub]—

000 010 020 030 040 050 060 0.70 0.80 0.90 100

. Phased Plot: (66391) 1999 KW4
Period: 2.7644 £0.0002 h  Amp: 0.15

P11

JDo(LTC) 2458633 377042

Year: 2019|
® 1.05/29
A 2-05/30
¥ 3-056/30
* 4-05/30
4+ 5-05/30
@ 6-05/31
% 7-06/01
W 8-06/01

® 9-06/01

A 10-06/01
Vv 11-06/02
+ 12-06/03
+ 13 - 06/05
1l 14 - 06/06
% 15-06/08
| 16 -06/13
| — 5th Order

000 010 020 030 040 050 060 0.70 0.80 0.90 1.00

- Phased Plot: (66391) 1999
Period: 17.468 + 0.008 h

KwW4

1-05/29
2-05/30
3-05/30
4-05/30
5-05/30
6-05/31
7-06/01
8 - 06/01

| JDo(LTC): 2458633.377042

Year: 2019

P21}

9.

v

A10-

*12-
+13-
m14-
#*15-
o 16 -

06/01

06/01
-06/02
06/03
06/05
06/06
06/08
06/13

Minor Planet Bulletin 46 (2019)

L L L i L L L L L L 1
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00



(66391) 1999 KW4 - (2019-05-30)
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Top: data points observed on May 30, 2019 superimposed to the
2nd order Fourier model curve. Bottom: residuals after the Fourier
model curve has been subtracted to the observed data.
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Number Name

2019 mm/dd Phase

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

234 Barbara 05/15-07/02 11.5,21.4 240 21 26.482 0.006 0.21 0.02 MB-1I
1166 Sakuntala 05/16-06/13 16.2,8.1 259 14 6.2918 0.0006 0.24 0.02 MB-I
1914 Hartbeespoortdam 05/06-06/06 8.2,11.1 237 7 6.3398 0.0006 0.10 0.02 V
2433 Sootiyo 05/06-05/10 5.7,6.4 225 9 7.235 0.005 0.35 0.03 MB-M

66391 1999 Kw4 05/29-06/13 77.7,69.2 213 11 2.7644 0.0002 0.15 0.04 NEA

17.468 0.008 0.27 0.03

Table Il. 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. Leag and Beag are the approximate phase angle bisector longitude/latitude at mid-
date range (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009).
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THE COLOR INDICES OF THE NEA (66391) 1999 KW4
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This paper presents the results of photometric
observations with standard broad-band Bessel filters B,
V, R and I, on near-Earth asteroid (66391) 1999 KW4.
The analysis shows that the mean color indices are the
following: B-V = 0.85 = 0.01 mag, V-R = 0.44 = 0.02
mag, B-R=1.29 + 0.01 mag and V- =0.65 = 0.03 mag.

The binary asteroid (66391) 1999 KW4 was discovered by
LINEAR at Socorro on 1999 May 20. Based on the orbital
parameters 1999 KW4 belongs to the Aten class of near-Earth
asteroids (NEAs). This asteroid passed close to the Earth on 2019
May 25 at about 0.0346 AU and was observed from OAVdA after
the Earth flyby to find the B-V, V-R, B-R and V-I standard colors
using all-sky photometry with Landolt’s stars calibration.

Instruments, Observations and Reduction Procedure

The images were collected with a modified 0.81-m f74.75 Ritchey-
Chrétien telescope and FLI 1001E CCD camera with an array of
1024x1024 pixels and equipped with BVRI filters. The field-of-
view of the camera is 22x22 arcmin, while the plate scale is 2.57
arcsec/pixel in 2x2 binning mode. The target was observed from
OAVdA on 2019 May 31 and June 01, from about 21:20 UT to
22:40 UT for both nights (see Table I). On these dates 1999 KW4
was about 0.075 AU away from the Earth but still bright, V =
+13.6 mag. The sky was very clear and there were no passing
clouds, so the transparency conditions were reasonably stable in
both nights.

During photometric observations images of different Landolt’s
fields were taken with the same BVRI filters used for the target
(see Table II).

Target Set Date (yyyy/mm/dd) uT Airmass
BVRI Set 1 2019/05/31 21:28 1.629
BVRI Set 2 2019/05/31 22:06 1.844
BVRI Set 3 2019/06/01 21:06 1.435
BVRI Set 4 2019/06/01 21:11 1.460

Table |. Date, mean UT and mean airmass for the four BVRI
asteroid images set. The exposure time is 60 s for all the images.

Chart RA(hm) Dec(°’) yyyy/mm/dd uT Airmass
095 13:26 -08:50 2019/05/31 21:49 1.897
104 15:39 -00:14 2019/05/31 22:18 1.448
109 16:35 +09:47 2019/05/31 22:26 1.283
090 12:42 -00:40 2019/06/01 21:20 1.614
095 13:26 -08:50 2019/06/01 21:32 1.845

Table Il. Landolt’s charts, RA, Dec (J2000.0), date, mean UT and
mean airmass.

Landolt fields are very useful for reducing observations to a
standard photometric system as the Johnson/Cousins (Landolt,
1992). In our case we used the Landolt’s fields to calibrate a
simple instrumental-atmospheric model (Harris et al., 1981):

V-v=Zv—k, - X+C,(B-V) ()

In equation (1) B and V are the true apparent magnitude of the
Landolt’s stars; Zv is the zero point magnitude; v is the
instrumental magnitude in V band, k,is the first-order
atmospheric extinction coefficient, X = 1/ cos(z) is the air mass
and C,, is the instrument color-correction coefficient. We can write
analogous equations for B, R and I filters:

B—b=Zb—kp,-X+C,(B-V) (2
R—r=Zr—k,-X+C.(V-R) (3

Measuring the instrumental magnitude of the reference stars in the
Landolt’s fields and solving, in the least squares sense, the
corresponding linear system for each filter in the unknown
parameters Z, k and C, we found the best coefficients values listed
in Table III and IV. In the June 1 session the airmass
differences between the Landolt fields are not very high so
we assumed the atmospheric absorption coefficients
determined in the previous night, i.e. k;, = 0.26, k, = 0.15,
k, =0.13 and k; = 0.09 (Table III).

Zero Point Mag. Atmospheric Ext. Color-Correction

Zpb=22.38 = 0.05 k,=0.26 = 0.03 Cpy=1+0.14 = 0.02
Zv=22.39 = 0.04 k,=0.15 = 0.02 C,=-0.04 = 0.01
72r=22.69 = 0.04 k,=0.13 = 0.03 C,=-0.12 = 0.02
7i=21.89 = 0.05 k;=0.09 = 0.03 C;=+0.01 = 0.02
Table lll. Coefficients values of the instrumental-atmospheric

model for 2019 May 31.

Zero Point Mag. Color-Correction

Zb = 22.21 = 0.02 C, = +0.13 = 0.04
Zv = 22.27 = 0.02 C, = -0.06 = 0.03
Zr = 22.62 = 0.02 C, = -0.17 = 0.05
Zi = 21.87 = 0.05 C; = +0.03 = 0.07

Table IV. Coefficients values of the instrumental-atmospheric
model for 2019 June 01.

The Visible Wavelength Colors of 1999 KW4

Using the previous coefficients determined from Landolt’s fields,
the equations that allows us to move from target instrumental
colors to true ones are the difference between equations (1)-(4).
For example, the B-V color is given by:

(b-v)—X-(ky—kp)+Zb—Zv
1-(Cp—Cy)

B-V)= )

and similar for V-R, B-R and V-I. By measuring 1999 KW4
instrumental colors using the four different sets of Table I and
taking into account the different airmass values to which they
were taken, we found four distinct values for each color. The mean
colors are the following: B-V = 0.85 + 0.01 mag, V-R = 0.44 =
0.02 mag, B-R=1.29 = 0.01 mag and V-/ = 0.65 = 0.03 mag.
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NEW LIGHTCURVES OF 50 VIRGINIA, 57 MNEMOSYNE,
59 ELPIS, 194 PROKNE, 444 GYPTIS,
AND 997 PRISKA
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Synodic rotation periods and amplitudes are found for
50 Virginia 14.313 + 0.001 h, 0.13 + 0.01 mag;
57 Mnemosyne 25.324 + 0.002 h, 0.09 + 0.01 mag;
59 Elpis 13.676 + 0.001 h, 0.12 + 0.01 mag; 194 Prokne
15.683 £ 0.002 h, 0.15 + 0.01 mag; 444 Gyptis 6.215 +
0.001 h, 0.13 + 0.01 mag; 997 Priska 16.241 = 0.001 h,
1.05 + 0.05 mag.

Observations to obtain the data used in this paper were made at the
Organ Mesa Observatory with a 0.35-meter Meade LX200 GPS
Schmidt-Cassegrain (SCT) and SBIG STL-1001E CCD.
Exposures were 60 seconds, unguided, with a clear filter except
for the faint object 997 Priska where exposure time of 120
seconds was required. Photometric measurement and lightcurve
construction are with MPO Canopus software. To reduce the
number of points on the lightcurves and make them easier to read,
data points have been binned in sets of 3 with a maximum time
difference of 5 minutes.

50 Virginia. The lightcurve data base (LCDB; Warner et al., 2009)
lists a period of 14.315 h based on several secure U = 3 published
periods within 0.005 h of this value. New observations on six
nights 2019 Apr. 11-May 6 provide a good fit to a lightcurve with
period 14.313 £ 0.001 h, amplitude 0.13 + 0.01 mag. This value is
consistent with previous determinations.
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57 Mnemosyne. Among the 100 lowest numbered asteroids, 57
Mnemosyne is one of the least frequently observed. Previously
published rotation periods are by Harris and Young (1992,
12.463 h, Ditteon and Hawkins (2007, 12.66 h), and Behrend
(2016, 12.92 h). This project is an example of “too little, too late.”
As with minor planets 50, 59, 194, and 444 also described in this
paper, the goal was to obtain data for an object whose rotation
period was considered secure at a new celestial longitude to

445

contribute to future lightcurve inversion modeling. The project
was much delayed by bad weather and the need to complete other
projects. It was nearly two months after opposition before it
became apparent that a good fit could not be made to a period near
12.5 h. It was not feasible to continue observations after June 9
since early evening sessions were becoming increasingly shorter.

After the first few sessions, a fit to the new observations was
found near 25.32 h, approximately twice the previously accepted
period. The instrumental magnitude of each additional session was
adjusted by a few 0.01 mag to a good fit near this period. After the
observing campaign was concluded with new observations on 10
nights 2019 April 8 — June 9, a good fit could be made to a
monomodal lightcurve with period 25.324 + 0.002 h, amplitude
0.09 + 0.01 mag.
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This lightcurve contains one maximum and minimum per cycle, a
circumstance fairly often found when the viewing aspect
(completely unknown for 57 Mnemosyne) is fairly close to polar.
A period spectrum covering 10-60 h shows the deepest minimum
at 25.32 h.

Period Spectrum: 57 Mnemosyne
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Period Spectrum: 57 Mnemosyne
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A period spectrum between 24.6-25.6 h shows a second minimum
near 24.88 h nearly as deep as the minimum at 25.32 h. A
lightcurve phased to this secondary minimum with a period
24.878 h shows two closely spaced narrow minima.

10921 Phased Plot: 57 Mnemosyne
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The fit of the individual sessions is as good as for 25.324 h except
that sessions 891 (May 17) and 943 (June 9) are about 0.025 mag
too high. The instrumental magnitudes of these two sessions are
adjusted downward to best fit at 24.877 h.

T T T T T T T T T T

- Year: 2019
10.92 Phased Plot: 57 Mnemosyne REEHE
v 891-05/17|
I 894 -05/21
10.94 % 895-05122] |
# 905 - 05/26|
¥ 915 - 05/27|
- %919-0530) |
10.96 A 922-05/31
v 939 - 06/07|
10.98 % 943-06/09] |
g
&
(=
$ 11.00 +
<
s
S 11.02f- ]
[3
g -
S 11.04 g
£ v
f 11.06 B
S 1.
11.08

11.10 B

11.12 B

Period: 24.877 £ 0.002 h JDo(LTC): 2458581.633982

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

A period spectrum between 24.6-25.6 h after this adjustment now
shows the lowest minimum at 24.88 h.

Period Spectrum: 57 Mhemosyne

N

RMS error (x 0.01 mag)

Period (hours)

247 24.8 249 25 25.1 25.2 253 25.4 25.5

At least one, and perhaps both, of the respective 25.324 h and
24.877 h periods must be aliases. A caution is made to all
observers. Merely adopting the period corresponding to the
deepest minimum in a period spectrum does not assure that one
has not selected an alias. Lightcurves phased to all likely minima
in the period spectra should be plotted and examined for
reasonable shape and also for slope discordances as are discussed
below.

An effort was also made to find a lightcurve with period between
12.0-13.0 h, as had been accepted prior to this study. The best fit
was to 12.329 h and the period spectrum between 12.0-13.0 h is
also shown.
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Period Spectrum: 57 Mnemosyne

N

RMS error (x 0.01 mag)

Period (hours)

121 12.2 12.3 12.4 12.5 12.6 12.7 128 129

In the phased lightcurve, separate sessions show discordances in
slope that remain even with adjustments of instrumental
magnitudes. Their presence is strong evidence against the 12.329 h
period. A lightcurve phased to the 12.20 h minimum in the period
spectrum, not shown here, also shows slope discordances. The
slope discordances of a lightcurve plotted to any period near
12.329 h appear to rule out all previously published periods.

In this study, the period of 25.324 h is adopted. Lightcurves with
one maximum and minimum per rotational cycle are encountered
fairly often, and are especially prevalent when the viewing aspect
is fairly close to polar. Near polar viewing aspect at the phase
angle bisector of 57 Mnemosyne in the current study should not,
however, be assumed. An asteroid lightcurve with two closely
spaced narrow minima is hardly ever encountered, and it is hard to
imagine an asteroid shape that would produce such a lightcurve.
Therefore, the 24.877 h period can be safely rejected.

There have been several other instances where low-numbered
minor planets with few observations and periods considered
secure had rotation periods twice as great as had been long
believed. Examples are 49 Pales (Pilcher et al., 2016), 74 Galatea
(Pilcher, 2008), 128 Nemesis (Pilcher, 2015), and 200 Dynamene
(Pilcher, 2012). One wonders how many more brighter asteroids
not recently observed have rotation periods greatly different from
those now listed as secure U = 3.

59 Elpis. The lightcurve data base (LCDB; Warner et al., 2009)
lists a period of 13.671 h based on several secure U = 3 published
periods within 0.03 h of this value. New observations on five
nights 2019 Apr. 6-May 5 provide a good fit to a lightcurve with
period 13.676 + 0.001 h, amplitude 0.12 + 0.01 mag. This value is
consistent with previous determinations.
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194 Prokne. The lightcurve data base (Warner et al., 2009) lists a
period of 15.679 h based on several published periods within
0.01 h of this value. New observations on four nights from 2019
May 15-28 provide a good fit to an irregular lightcurve with
period 15.683 + 0.002 h, amplitude 0.15 + 0.01 mag. This value is
consistent with previous determinations.
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444 Gyptis. The lightcurve data base (Warner et al., 2009) lists a
period of 6.214 h based on several secure U = 3 published periods
within 0.005 h of this value. New observations on four nights from
2019 Mar. 28-Apr. 10 provide a good fit to a lightcurve with
period 6.215 + 0.001 h, amplitude 0.13 + 0.01 mag. This value is
consistent with previous determinations.

Number Name 2019/mm/dd Phase Lpas Bras Period(h) P.E. Amp A.E.
50 Virginia 04/11-05/06 8.7,14.6 174 0 14.313 0.001 0.13 0.01
57 Mnemosyne 04/08-06/09 0.3,15.7 197 1 25.324 0.002 0.09 0.01
59 Elpis 04/06-05/05 7.4,15.7 177 2 13.676 0.001 0.12 0.01
194 Prokne 05/15-05/28 13.9,17.4 208 19 15.683 0.002 0.15 0.01
444 Gyptis 03/28-04/10 5.4,10.8 202 1 6.215 0.001 0.13 0.01
997 Priska 05/30-07/09 23.4,11.0 299 10 16.241 0.001 1.05 0.05

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date, unless a
minimum (second value) was reached. LPAB and BPAB are the approximate phase angle bisector longitude and latitude at mid-date range

(see Harris et al., 1984).
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997 Priska. The only previously published rotation period is by
Behrend (2006) who found 16.22 h, amplitude 0.61 mag. New
observations on 11 nights from 2019 May 30-July 9 provide a
good fit to a lightcurve with period 16.241 + 0.001 h, amplitude
1.05 £ 0.05 mag. This period is consistent with Behrend (2006).
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CCD photometric observations of 19 main-belt asteroids
were obtained at the Center for Solar System Studies
(CS3) from 2019 April to June.

The Center for Solar System Studies (CS3) has seven telescopes
which are normally used for specific topic studies. The usual focus
is on near-Earth asteroids, but when suitable targets are not
available, Jovian Trojans and Hildas are observed. When a nearly
full moon is too close to the primary targets being studied, targets
of opportunity amongst the main-belt regions were selected.

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

Telescope Camera
0.30-m £/6.3 Schmidt-Cass FLI Microline 1001E
0.35-m £/9.1 Schmidt-Cass FLI Microline 1001E
0.35-m £/9.1 Schmidt-Cass FLI Microline 1001E
0.35-m £/9.1 Schmidt-Cass FLI Microline 1001E
0.35-m £/11 Schmidt-Cass FLI Microline 1001E
0.40-m £/10 Schmidt-Cass FLI Proline 1001E
0.50-m F8.1 R-C FLI Proline 1001E

Table I: List of CS3 telescope/CCD camera combinations.
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Image processing, measurement, and period analysis were done
using MPO Canopus (Bdw Publishing), which incorporates the
Fourier analysis algorithm (FALC) developed by Harris (Harris et
al., 1989). The Comp Star Selector feature in MPO Canopus was
used to limit the comparison stars to near solar color. Night-to-
night calibration was done using field stars from the CMC-15 or
the ATLAS catalog (Tonry et al.,, 2018), which has Sloan griz
magnitudes that were derived from the GAIA and Pan-STARR
catalogs, among others. The authors state that systematic errors are
generally no larger than 0.005 mag, although they can reach 0.02
mag in small areas near the Galactic plane. BVRI magnitudes
were derived by Warner using formulae from Kostov and Bonev
(2017). The overall errors for the BVRI magnitudes, when
combining those in the ATLAS catalog and the conversion
formulae, are on the order of 0.04-0.05 mag.

Even so, we found in most cases that nightly zero point
adjustments for the ATLAS catalog to be on the order of only
0.02-0.03 mag were required during period analysis. There were
occasional exceptions that required up to 0.10 mag. These may
have been related in part to using unfiltered observations, poor
centroiding of the reference stars, and not correcting for second-
order extinction terms. Regardless, the systematic errors seem to
be considerably less than other catalogs, which reduces the
uncertainty in the results when analysis involves data from
extended periods or the asteroid is tumbling.

In the lightcurve plots, the “Reduced Magnitude” is Johnson V
corrected to a unity distance by applying —5*log (rA) to the
measured sky magnitudes with r and A being, respectively, the
Sun-asteroid and the Earth-asteroid distances in AU. The
magnitudes were normalized to the phase angle given in
parentheses using G = 0.15. The X-axis rotational phase ranges
from —0.05 to 1.05.

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

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

Number Name 2019 mm/dd Phase Lpsg Bpas Period(h) P.E. Amp A.E. Grp
2025 Nortia 04/18-04/22 17.0,17.1 136 1 5.522 0.002 0.33 0.03 MB-O
2378 Pannekoek 04/22-04/27 4.0,5.5 205 8 11.874 0.003 0.19 0.01 MB-O
2510 Shandong 06/08-06/18 20.1,23.6 223 5 5.949 0.001 0.29 0.04 FLOR
2778 Tangshan 06/09-06/11 17.2,17.8 220 4 3.468 0.003 0.26 0.02 FLOR
4160 Sabrina-John 04/21-04/25 25.2,25.5 145 -3 5.735 0.002 0.41 0.03 V
4892 Chrispollas 04/21-05/18 *25.4,28.4 167 =7 1584 6 0.71 0.05 MB-I
5627 1991 MA 04/15-04/18 *21.7,20.8 266 16 5.365 0.002 0.48 0.03 H
6310 Jankonke 06/08-06/10 22.7,23.3 224 15 3.071 0.002 0.18 0.01 H
6859 Datemasamune 06/11-06/28 31.4,27.4 312 20 5.944 0.001 0.12 0.01 H
9564 Jeffwynn 05/24-05/25 26.2,26.1 263 32 3.03 0.003 0.11 0.02 MC

10480 Jennyblue 04/24-04/26 24.3,24.6 159 3 5.356 0.003 0.92 0.03 FLOR

20936 Nemrut Dagi 05/18-05/21 23.0,24.1 198 -1 3.328 0.002 0.26 0.02 H

32772 1986 JL 05/14-05/24 9.4,12.0 228 12 6.046 0.001 0.25 0.03 H

33324 1998 QE56 06/01-06/06 24.8,24.7 261 35 6.188 0.001 0.64 0.02 H

53440 1999 XQ33 06/09-06/25 21.3,23.3 248 26 5.3276 0.0005 0.34 0.04 H

55854 Stoppani 06/11-06/25 26.3,28.7 214 2 3.06 0.001 0.45 0.03 H

66346 1999 Ju71 05/14-05/22 4.7,8.4 229 7 5.233 0.004 0.14 0.03 FLOR

162820 2001 BK36 03/16-03/17 3.4,3.2 178 -5 3.95 0.01 0.33 0.03 EUN

302111 2001 MM3 06/06-06/08 25.5,25.6 274 31 3.217 0.001 0.38 0.03 MC

Table 1. 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. Leas 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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2025 Nortia. The LCDB listed no previous rotation periods for
this outer main-belt asteroid. Assuming an albedo of 0.057, the
estimated diameter is 40 km. The lightcurve shows three
maximums. This is unusual but possible with low amplitudes and
phase angles (Harris et al., 2014).
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2378 Pannekoek. Previous results gave 5.943 h (Higgins, 2008)
and 11.8806 h (Oey 2011 web), for this outer main-belt asteroid.
Our results from 2019 show several aliases with our preference for
P =11.874 h even though the lightcurve is missing about 30% of a
full rotation. This is based on the half-period plot showing the
asymmetry of the full period solution. The spacing of extrema
doesn't seem right for the near 7.9 h solution, but because of the
amplitude, an unusual shape cannot be formally excluded (Harris
et al., 2014), especially when the period spectrum shows sharp
RMS minimums near 6 and 8 hours.
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2510 Shandong. This inner main-belt asteroid has a diameter of
about 9 km. Higgins and Goncalves (2007) found a period of
5.9463 h. Using a combination of dense and sparse lightcurve
data, Hanus et al. (2013) found Py 4,ers= 5.94639 h and a preferred

spin axis with ecliptic coordinates A, = (256°, 27°)
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2778 Tangshan. Rotational periods for this member of the Flora
group near 3.46 h have been reported twice before (Behrend et al.,
2018, Warner, 2004). The result found this year is in good
agreement.
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4160 Sabrina-John. This appears to be the first rotation period for
Sabrina-John, which is classified as a Vestoid (i.e., possibly a
fragment off Vesta) with a diameter of about 7 km.
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4892 Chrispollas. This 8-km inner main-belt asteroid had no
previously reported period in the LCDB. There may be good
reason for that: the extremely long period that we report here. In
our data, night-to-night runs showed almost no ascending or
descending trend. Given limited telescope time for many, this
might have led most observers to give up in lieu of working other
targets that had better opportunities for success.

Our program is dedicated to working potentially long-period
objects until it is certain that the data are “flat” (low amplitude) or
at least an approximate estimate of the period can be found. Even
so, it was not possible to follow this asteroid long enough to
obtain a full lightcurve and so our result is based on the presumed
monomodal lightcurve at the half-period (Harris et al., 2014).
Even this lightcurve is incomplete and so the true error in the
resulting full-period is probably larger than the formal value given
here. Because of the long period and estimated diameter, this is a
good candidate for tumbling (Pravec et al., 2014; 2005). There are
some indications of this with at least two sessions falling below
the Fourier curve.
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(5267) 1991 MA. Our result is about 0.15 h longer than previous
results: Waszczak et al. (2015) and Zeigler et al. (2017). The
former is a survey with a “dense sparse” data set. Zeigler et al. had
two non-consecutive nights that produced a lightcurve that did not
have full double coverage. For these reasons, we have high
confidence in our result.
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6310 Jankonke is a Hungaria asteroid that has been observed at
several previous apparitions, in particular by Warner (see LCDB
references) as part of an on-going project to find spin axes for
members of the group. The period given here is consistent with
previous results; the data should improve a preliminary spin axis.
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6859 Datemasamune is another Hungaria member that is part of
the spin axis project. Finding the period has been difficult because
of amplitudes < 0.2 mag. Previous results by Warner are 2006,
12.95 h; 2010, 22.1 h; 2011, 86.1 h.; and 2016b, 5.2879 h. The
2019 data excluded the very long periods and favored one close to
the 2016 result. We have adopted the 2019 period of 5.944 h, but
other solutions cannot be formally excluded.
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The data sets from 2006-2016 were reanalyzed to see if they
would support the adopted period given here. The fits in 2006,
2011, and 2016 are very plausible. The 2009 data set was
somewhat noisy and so the fit to the new period is not as
convincing.

We note that having the ATLAS star catalog with highly-reliable
magnitudes played an important role in our 2019 analysis because
there was high confidence in zero point matching from night-to-
night. In previous years, as can be seen with the wide range of
periods, zero point adjustments were much more arbitrary.
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9564 Jeffwynn. The only previously reported period (3.035 h) was
by Warner (2013a). Our most recent result is in good agreement.
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10480 Jennyblue. This was a target of opportunity in the field of a

Hilda asteroid. Waszczak et al.

(2015) found a period of
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(32772) 1986 JL. We observed this twice before: Warner (2013c¢)
and Stephens (2016). Those two and our result are in excellent
agreement. The seemingly monomodal solution in 2019 is unusual
given the amplitude, but not impossible (Harris et al., 2014).

6.019 h. Forcing the 2019 data to something near that has the
maximums only 0.4 rotation phase apart. There’s a good chance of
a rotational alias being involved since the two periods differ by
almost exactly 0.5 rotations over 24 hours. Given the sparser data
set used by Waszczak et al., it’s reasonably safe to adopt our
period of 5.356 h as the more likely.
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(33324) 1998 QES6. The latest data set extends our dense
lightcurve observations from 2011 to 2019 (see LCDB references).
As a result, we hope that, combined with sparse data, a good spin
axis model can be developed.
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20936 Nemrut Dagi. There are several previous results in the
LCDB for this 5-km Hungaria, e.g. Skiff (2011, 3.293 h) and
Warner (2016a, 3.2754 h). Our data set was relatively sparse
compared to others, enough that we had to force the period search
to a small range covering a range a little larger than the full range
of reported periods.

While the 2019 data can be fit to 3.328 h, the solution is hardly
conclusive. Regardless, the data will be used to try to improve a
preliminary spin axis.
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(53440) 1999 XQ33. This appears to be the first reported rotation
period for 1999 XQ33. It is another member of the Hungaria
group. It would be required to determine its taxonomic class
before calling it a family member.
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55854 Stoppani. Previous results from Skiff (2011) and Warner
(2011, 2013Db) are all in close agreement with our 2019 analysis.
Were it not for the large amplitude overcoming the noisy data on
some nights, it may not have been possible to find a period.
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(162820) 2001 BK36. Assuming a default albedo of 0.21 for
Eunomia group (or at least region) members gives an estimated
diameter of 2.5 km. However, Mainzer et al. (2016) found the
asteroid to have an albedo of 0.062. Using H = 15.10, this gave a
diameter of 4.8 km.
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(66346) 1999 JU71. This is a member of the Flora group but it
could actually belong to one of the subgroups in the region. The
estimated diameter, assuming p, = 0.24, is 2.3 km. There were no
previously reported periods in the LCDB to serve as a starting
point for analysis. Unfortunately, the data set was too noisy and
too sparse to allow finding a definitive solution.

We show two plots phased to two of the possible solutions. Both
have gaps in coverage, which might imply a fit by exclusion,
which is when the Fourier algorithm finds a local RMS minimum
that minimizes the number of overlapping data points. The two
periods do not seem to be harmonically related.
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(302111) 2001 MM3. We observed this Mars-crosser for three
nights in 2019 June. The resulting data was of high quality and
almost covered the adopted period of 3.217 h completely each
night. That and the large amplitude make the period solution
secure. There were no previous period results in the LCDB.

Minor Planet Bulletin 46 (2019)



T T T T T T T T T
17.40]- (302111) 2001 MM3 o Yearn 2019 | |
Period: 3.217 £ 0.001 h Amp: 0.39 + 6197 - 06/07|

17.45- A 6202 -06/08] |
—4th Order

17.50}

% 17.551

w

S q7.601

2

S 17.65|

©

S1770-

o

S 17.75}

2

E 17.80}

o

S 17.85-
17.90}
17.95| .

18.00F Jpo(LTC): 2458640.782514 i
1

1 | | 1 1 1 | 1 1 ]
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

Acknowledgements

Observations at CS3 and continued support of the asteroid
lightcurve database (LCDB; Warner et al., 2009) are supported by
NASA grant 80NSSC18K0851. Work on the asteroid lightcurve
database (LCDB) was also partially funded by National Science
Foundation grant AST-1507535. This research was made possible
in part based on data from CMC15 Data Access Service at CAB
(INTA-CSIC) (http://svo2.cab.inta-csic.es/vocats/cmc15/).  This
work includes data from the Asteroid Terrestrial-impact Last Alert
System (ATLAS) project. ATLAS is primarily funded to search
for near earth asteroids through NASA grants NN12ARS55G,
8ONSSC18K 0284, and 8ONSSC18K1575; byproducts of the NEO
search include images and catalogs from the survey area. The
ATLAS science products have been made possible through the
contributions of the University of Hawaii Institute for Astronomy,
the Queen's University Belfast, the Space Telescope Science
Institute, and the South African Astronomical Observatory. The
purchase of a FLI-1001E CCD cameras was made possible by a
2013 Gene Shoemaker NEO Grants from the Planetary Society.

References

Behrend, R., (2005, 2018, 2019). Observatoire de Geneve web
site, http://obswww.unige.ch/~behrend/page_cou.html

Hanus§, J.; Durech, J.; Broz, M.; Marciniak, A.; Warner, B.D.;
Pilcher, F.; Stephens, R.; Behrend, R.; Carry, B.; and 111
coauthors (2013). “Asteroids’ physical models from combined
dense and sparse photometry and scaling of the YORP effect by
the observed obliquity distribution.” Astron. Astrophys. 551, A67.

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

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

Harris, A.W., Pravec, P., Galad, A., Skiff, B.A., Warner, B.D.,
Vilagi, J., Gajdos, S., Carbognani, A., Hornoch, K., Kusnirak, P.,
Cooney, W.R., Gross, J., Terrell, D., Higgins, D., Bowell, E.,
Koehn, B.W. (2014). “On the maximum amplitude of harmonics
on an asteroid lightcurve.” Icarus 235, 55-59.

455

Higgins, D.; Pravec, P.; Kusnirak, Pe.; Hornoch, K.; Brinsfield, J.;
Allen, B.; Warner, B.D. (2004). “Asteroid Lightcurve Analysis at
Hunters Hill Observatory and Collaborating Stations: November
2007 - March 2008.” Minor Planet Bull. 35, 123-126.

Higgins, D.; Goncalves, R.M.D. (2007). “Asteroid Lightcurve
Analysis at Hunters Hill Observatory and Collaborating Stations -
June-September 2006.” Minor Planet Bull. 34, 16-18.

Kostov, A.; Bonev, T. (2017). “Transformation of Pan-STARRSI1
gri to Stetson BVRI magnitudes. Photometry of small bodies
observations.” Bulgarian Astron. J. 28, 3 (AriXiv:1706.06147v2).

Mainzer, A.K., Bauer, J.M., Cutri, RM., Grav, T., Kramer, E.A.,
Masiero, J.R., Nugent, C.R., Sonnett, S.M., Stevenson, R.A.,
Wright, E.L. (2016). “NEOWISE Diameters and Albedos V1.0.”
NASA Planetary Data System.
EAR-A-COMPIL-5-NEOWISEDIAM-V1.0.

Pravec, P.; Harris, A.W.; Scheirich, P.; Ku$nirak, P.; Sarounova,
L.; Hergenrother, C.W.; Mottola, S.; Hicks, M.D.; Masi, G.;
Krugly, Yu.N.; Shevchenko, V.G.; Nolan, M.C.; Howell, E.S;
Kaasalainen, M.; Galad, A.; Brown, P.; Degraff, D.R.; Lambert, J.
V.; Cooney, W.R.; Foglia, S. (2005). “Tumbling asteroids.” Icarus
173, 108-131.

Pravec, P.; Scheirich, P.; Durech, J.; Pollock, J.; Kusnirak, P.;
Hornoch, K.; Galad, A.; Vokrouhlicky, D.; Harris, A.W.; Jehin,
E.; Manfroid, J.; Opitom, C.; Gillon, M.; Colas, F.; Oey, J;
Vrastil, J.; Reichart, D.; Ivarsen, K.; Haislip, J.; LaCluyze, A.
(2014). “The tumbling state of (99942) Apophis.” Icarus 233, 48-
60.

Skiff, B.A. (2011). Posting on CALL web site.
http://www.minorplanet.info/call. html

Stephens, R.D. (2016). “Asteroids Observed from CS3: 2016
January-March.” Minor Planet Bull. 43, 252-255.

Stephens, R.D. (2017). “Asteroids Observed from CS3: 2016
October — December.” Minor Planet Bull. 44, 120-122.

Tonry, J.L.; Denneau, L.; Flewelling, H.; Heinze, A.N.; Onken,
C.A.; Smartt, S.J.; Stalder, B.; Weiland, H.J.; Wolf, C. (2018).
“The ATLAS All-Sky Stellar Reference Catalog.” Astrophys. J.
867, A105.

Warner, B.D. (2004). “Lightcurve analysis for numbered asteroids
1351, 1589, 2778, 5076, 5892, and 6386.” Minor Planet Bull. 31,
36-39.

Warner, B.D. (2006). “Asteroid lightcurve analysis at the Palmer
Divide Observatory - February - March 2006.” Minor Planet Bull.
33, 82-84.

Warner, B.D. (2010). Asteroid Lightcurve Analysis at the Palmer
Divide Observatory: 2009 June-September.” Minor Planet Bull.
37,24-27.

Warner, B.D. (2011). “Asteroid Lightcurve Analysis at the Palmer
Divide Observatory: 2011 March - July.” Minor Planet Bull. 38,
190-195.

Warner, B.D. (2013a). “Asteroid Lightcurve Analysis at the
Palmer Divide Observatory: 2012 June — September.” Minor
Planet Bull. 40, 26-29.

Minor Planet Bulletin 46 (2019)



456

Warner, B.D. (2013b). “Asteroid Lightcurve Analysis at the
Palmer Divide Observatory: 2012 September - 2013 January.”
Minor Planet Bull. 40, 71-80.

Warner, B.D. (2013c). “Asteroid Lightcurve Analysis at the
Palmer Divide Observatory: 2013 January — March.” Minor Planet
Bull. 40, 137-145.

Warner, B.D. (2016a). “Asteroid Lightcurve Analysis at CS3-
Palmer Divide Station: 2015 October-December.” Minor Planet
Bull. 43, 137-140.

Warner, B.D. (2016b). “Asteroid Lightcurve Analysis at CS3-
Palmer Divide Station: 2015 December - 2016 April.” Minor
Planet Bull. 43, 227-233.

Warner, B.D.; Harris, A.W.; Pravec, P. (2009). “The Asteroid
Lightcurve Database.” Icarus 202, 134-146. Updated 2019 Feb.
http://www.minorplanet.info/lightcurvedatabase.html

Waszczak, A.; Chang, C.-K.; Ofek, E.O.; Laher, R.; Masci, F.;
Levitan, D.; Surace, J.; Cheng, Y.-C.; Ip, W.-H.; Kinoshita, D.;
Helou, G.; Prince, T.A.; Kulkarni, S. (2015). “Asteroid Light
Curves from the Palomar Transient Factory Survey: Rotation
Periods and Phase Functions from Sparse Photometry.” Astron. J.
150, A75.

Zeigler, K.; Banshaw, B.; Gass, J. (2017). “Photometric
Observations of Asteroid 4742 Caliumi, 5267 Zegmott (18429)
1994 AO1, (26421) 1999 XP113, and (27675) 1981 CH.” Minor
Planet Bull. 44, 259-260.

1744 HARRIET:
ANOTHER VERY SLOWLY ROTATING ASTEROID

Frederick Pilcher
Organ Mesa Observatory
4438 Organ Mesa Loop
Las Cruces, NM 88011 USA
fpilcher35@gmail.com

Daniel Klinglesmith 111
Etscorn Campus Observatory
New Mexico Tech
101 East Road
Socorro, NM 87801 USA

Julian Oey
Blue Mountains Observatory
94 Rawson Pde., Leura, NSW, AUSTRALIA

(Received: 2019 July 10)

Minor planet 1744 Harriet has a synodic rotation period
near 724 hours, amplitude increasing from 0.95 + 0.05
magnitudes to 1.10 + 0.05 magnitudes.

The Asteroid Lightcurve Data Base (Warner et al., 2009) lists no
previous observations of 1744 Harriet. First author Pilcher found
very slow magnitude change in his first three nights of observation
2019 Apr. 11-14 and recognized that 1744 Harriet has a very long
rotational period. He invited Daniel Klinglesmith and Julian Oey
to collaborate in obtaining a long series of observations. Both
graciously accepted the invitation and contributed many useful
sessions.

Pilcher at Organ Mesa Observatory used a Meade 0.35 meter {/10
Meade LX200 GPS SCT and SBIG STL-1001E CCD to obtain
sessions 860, 861, 863, 865, 867, 869, 874, 875, 885, 887, 888,
893, 896, 898, 902, 903, 904, 916, 920, 923, 925, 926, 930. 936,
937, 941, 944, 950. Klinglesmith at Etscorn Campus Observatory
used a 0.35 cm Celestron SCT and SBIG STL-11000M CCD to
obtain sessions 870, 872, 873, 889, 897, 899, 901, 918, 928, 929,
932, 938, 945, 946, 947, 948, 949. Oey at Blue Mountains
Observatory used a 14 inch Schmidt Cassegrain telescope and
SBIG ST8XME CCD to obtain sessions 877, 878, 879, 881, 882,
883, 884, 906, 907, 908, 909, 910, 911, 912, 913, 933, 934, 935,
952, 953, 954, 955, 956. The three observers obtained 69 sessions,
many of them only one to two hours, 2019 Apr. 11 — June 26.

Petr Pravec (private communication) has kindly analyzed the data
and finds no evidence of tumbling (Par = +2, Pravec, 2005) or any
short term variation with amplitude > 0.038 magnitude. For all
sessions 2019 Apr. 11 — June 2 for which the phase angle is less
than 16 degrees, he finds a period 724 + 5 hours. At larger phase
angles the amplitude is appreciably greater and this period does
not strictly apply.

The authors have performed a separate period search with MPO
Canopus software. For 50 sessions with phase angle <16 degrees,
2019 Apr. 11 — June 2, they find a period 723.8 + 0.4 hours,

Number Name yyyy/mm/dd Pts

Phase Lras  Breas

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

1744 Harriet

2019/04/11-2019/06/26 2401 13.6, 1.2, 24.1 224 -2

719.5 0.4 1.0 0.1

(see Harris et al., 1984).

Table I. Observing circumstances and results. Pts is the number of data points. The phase angle is given for the first and last date, unless a
minimum (second value) was reached. LPAB and BPAB are the approximate phase angle bisector longitude and latitude at mid-date range
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amplitude 1.0 + 0.1 magnitudes. For all 69 sessions April 11 —
June 26, best fit is found for a period 719.5 =+ 0.4 hours. In both
cases the real error should be larger than the formal error. We
provide lightcurves for both of these intervals. We also provide a
raw lightcurve for the entire interval of observation to show that
the amplitude has increased from 0.95 + 0.05 magnitudes in April
and May to 1.10 + 0.05 magnitudes in June. The expected
minimum near April 20 was missed because no observations were
obtained in the in the interval April 14 — 27. The commonly
encountered behavior of increased amplitude at larger phase
angles holds also for 1744 Harriet.
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STAFF POSITION OPENING - ASSOCIATE PRODUCER,
MINOR PLANET BULLETIN

The Minor Planet Bulletin announces the opening of a new staff
position of Associate Producer, with the probability of taking over
the MPB Producer’s position in late 2020 following a period of
mentoring and collaboration. The current Producer, Bob Werner,
wishes to retire then after a 35-year run. The responsibilities will
be to assist Werner with the layout construction of each quarterly
issue of the Minor Planet Bulletin.

Producing an MPB issue requires the following:

*  Reformatting approximately 30-40 manuscript
documents from the editors.

*  Responsive communication with the editorial and
distribution staff.

*  Able to commit to and adhere to deadlines throughout
the calendar year.

*  Corresponding with authors via email with article
proofs.

*  Handling formatting inquiries from new and seasoned
authors who contribute manuscripts to the MPB.

* Laying out an issue’s articles in a single master
document, resulting in the ready-to-print and ready-to-
release electronic version of each MPB issue.

*  Constructing a full index of each annual volume.

*  Maintaining a long-term electronic archive of all issues.

The skills required include:

*  Proficiency with Microsoft Word 2013/2010, Portable
Document Format (pdf) computer documents, and
email. Production status is tracked using Excel.

*  Knowledgeable expertise with asteroid astronomy
sufficient for some error checking and recommending
editorial corrections.

*  Strong skills with written English.

The time commitment required varies from issue to issue, but
typically occupies 25 or 30 hours each quarter, mostly in the
month preceding an issue’s release, February, May, August, and
November. All MPB staff positions, including this announced
opening for Associate Producer, are volunteer positions without
pay or other compensation. Materials and postage costs, as
necessary, are reimbursed.

Anyone interested in the Associate Producer position should send
a cover letter with a statement on the level of available
commitment and a summary of qualifications to the Editor:
rpb@mit.edu The position will remain open until filled.

LOWELL OBSERVATORY NEAR-EARTH ASTEROID
PHOTOMETRIC SURVEY (NEAPS): PAPER 4.

Brian A. Skiff
Lowell Observatory
1400 West Mars Hill Road
Flagstaff AZ 86001 USA
bas@lowell.edu

Kyle P. McLelland
Northern Arizona University
(now at Linn-Benton College, Oregon)

Jason J. Sanborn
Lowell Observatory
Discovery Channel Telescope

Petr Pravec
Academy of Sciences of Czech Republic
Astronomical Institute Ondfejov, Czech Republic

Bruce W. Koehn
Edward Bowell
Lowell Observatory (retired)

(Received: 2019 July 14)

Revised photometry and lightcurves are reported for 144
asteroids from the NEAPS project and later work at
Lowell Observatory. This completes revision of objects
from Paper 1 and 2 and adds previously unpublished
data acquired between 2008 and 2019. In several cases
we provide lightcurves over several lunations within an
apparition and also at multiple apparitions with different
phase-angle bisectors.

In a recent report Skiff et al. (2019, Paper 3) began revising the
photometry and lightcurve analysis of mostly near-Earth asteroids
obtained at Lowell Observatory starting in 2008. Much of the data
were originally published in two earlier papers in this journal
(Skiff et al. 2012, Paper 1; Koehn et al. 2014, Paper 2). The
present publication completes work on the 86 asteroids appearing
in Papers 1 and 2. This places the data more consistently on the
Sloan r’ system in hopes of fulfilling the “photometric” element of
the project acronym. In many cases revision of the comparison star
photometry allowed us to rescue previously abandoned datasets,
improve the precision of rotation periods, and to find rotation
periods where we were not able to extract them previously.
Hitherto unpublished results are added from observations taken
between 2008 and 2019.

The telescopes involved in the present work are the same as
before. These include the 0.55-m f/1.9 LONEOS Schmidt, the
0.7-m robotic, Hall 1.1-m, and Perkins 1.8-m reflectors; these are
described in detail in Paper 1 and Paper 3. All are located at
Lowell Observatory’s Anderson Mesa Station (latitude +35.1°)
outside Flagstaff, Arizona, at 2200 m elevation, and assigned
MPC observatory codes 699 (LONEOS) and 688 (other
telescopes). The LONEOS Schmidt was operated unfiltered with a
CCD having strong far-red sensitivity. Images with the other
telescopes were taken mostly with an R, or a ‘VR’ filter that is
similar to Sloan r". All the photometry has been reduced to the
extent possible to the standard Sloan r” system.
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We mention that for data taken using the 0.7-m and 1.1-m
telescopes, it was usual to start observations in the evening with
Sun altitude only —10° if exposures were less than about 90
seconds, and to continue them similarly late into morning twilight.
We observed continuously through the Full Moon period apart
from avoiding pointing near the Moon itself. Thanks to the high
altitude, we also conducted observations to airmass sec z ~3.0
toward the eastern and western horizons, or higher for far-southern
targets (within ~1 hour of the meridian as far south as —40° Dec).
These procedures extend the observing windows significantly.
Several targets presented in this paper show that data quality in
such cases is not seriously compromised.

Further to the discussion in Paper 3 with regards photometry
catalogues, we note that median per-star external errors in the Pan-
STARRS catalogue are 0.014 mag for Sloan r" (Magnier et al.
2019, specifically text section 6.4 and Figure 2). The SkyMapper
DR1 southern survey (Wolf et al. 2018) inherits zonal errors from
APASS DR (cf. Tonry et al. 2018), but these should be removed
in later versions. SkyMapper external errors per star are roughly
0.02-0.03 mag. These figures thus set lower limits on the external
zero-point errors in our data, even if internal errors are better. We
also make much implicit use of the GAIA2 ‘G’ magnitudes in this
report. These are different than in GAIA1, specifically about 0.03
mag fainter than Pan-STARRS Sloan r” for stars of intermediate
‘asteroidal’ color. The GAIA2 internal photometric precision is
very high, at the few-millimag level. Their main use has been to
control the lower-quality CMC15 and APASS Sloan r" magnitudes
when comparison stars are brighter than the Pan-STARRS
saturation limit.

Careful use of even the new catalogues remains necessary due to
resolved, unresolved, or poorly resolved binaries (compared to our
relatively low resolution images), regions with few observations,
cloudy night data included in the mix, and various other issues.
Even GAIA2 has weird (wrong) stuff in it. The datasets are not
perfectly clean!

985 Rosina. Two nights of photometry on this Mars-crosser were
obtained in 2019 May using the 0.7-m telescope. The phase-angle
bisector (PAB) longitudes were offset about 90° from previous
observations (Behrend 2002web; Bernasconi data). The lightcurve
morphology, however, is not dramatically different. The RMS
scatter on the fit is 0.014 mag.
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1090 Sumida. Wisniewski (1991) obtained the first photometry
of this Phocaea; his single-night run shows a double-mode
lightcurve of the approximately correct period. We obtained two
nights of data near Full Moon in 2019 Jun using the 1.1-m
telescope and “VR’ filter. The PAB longitude was similar to the
circumstances of 2012 data by Warner and Megna (2012). Our
triple-mode lightcurve shows the morphology much more clearly
thanks to RMS scatter of 0.010 mag, compared to ~0.05 mag for
theirs. The high-precision observations requested there are
herewith fulfilled.
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1293 Sonja. This Mars-crosser has been well-observed since
Higgins et al. (2007) first determined the rotation period. We
obtained three nights in 2019 Apr using the 0.7-m telescope when
the object was in the southern sky at previously unobserved PABs.
The resulting lightcurve has morphology somewhat different from
the earlier ones and should help with shape-modeling. The RMS
scatter on the fitted lightcurve is 0.021 mag.
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1387 Kama. The relatively long period of this main-belt asteroid
prevented us from getting complete rotational phase coverage
within the three nights devoted to the object in 2010 Dec. We
show a force-fit of 0.7-m telescope data to the period of Pravec
(2013web). The RMS scatter on the fit is 0.021 mag.
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1468 Zomba. As with 1293 Sonja, we took the opportunity to
follow this Mars-crosser in 2019 Apr at previously unobserved
PABs when the asteroid was at southern Declinations. The
rotation period agrees with several previous determinations. The
two nights of 3-minute exposures using the 0.7-m telescope gave
RMS scatter of 0.019 mag.
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1865 Cerberus. Our sixteen nights on this Apollo can be divided
into three groups, though in Paper 1 we showed only a composite
lightcurve. The period has been known since the 1980 lightcurve
of Harris and Young (1989), which also revealed the extreme
amplitude. Our data were obtained in 2008 Oct-Nov using the
LONEOS Schmidt with 3-minute exposures. The sharp minima
were down near mag 18, so the RMS scatter on the three fits is
0.05, 0.07, and 0.07 mag, respectively, which is poor by our
standards, though not obvious here due to the very large
amplitudes.
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1943 Anteros. We presented uncertain results for this Amor in
Paper 2. Fixing the comparison stars improves things marginally.
We show a phased lightcurve from four of five nights of Schmidt
data; the final night, 2009 Aug 10, is isolated in time and of poor
quality. Using 54 images of mostly 90 seconds exposure, we find
a minimum in the period spectrum at the 2.87-hour period first
defined by Pravec et al. (1998a), which we round here to 0.01-h
precision. The RMS scatter is 0.034 mag, about 25% of the full
amplitude. The lightcurve morphology is very similar to those
presented by Pravec et al., and more recently by Warner et al.
(2017) and Warner and Stephens (2019b), where two different
binary solutions are offered.
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2212 Hephaistos. Despite getting continuous 6- to 7-hour runs
over four consecutive ‘photometric’ (cloud-free) nights using the
Schmidt in 2010 Sep, we found no indication of a reliable rotation
period for this high-eccentricity Apollo. A total of 1650 30-second
exposures were obtained. There seem to be small bumps and
wiggles during each night, but these do not repeat in a cyclic
manner. We show a raw plot from the first night, which is
representative in exhibiting small oscillations, possibly superposed
on a longer second period of several tens of hours.
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2281 Biela. Two nights of data on this main-belt asteroid using the
0.7-m telescope in 2010 Dec showed only that the 4.9-hour period
reported from sparse PTF survey data (Waszczak et al., 2015) is
far too short. The correct period is likely to be some tens of hours
and with small amplitude. Our notional fit is indicative only (N.B.
the very large uncertainty).
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2525 O’Steen. This outer main-belt Themis-family asteroid was
found on Lowell ‘Pluto Camera’ 33-cm astrograph plates in 1981.
It was the first asteroid discovered by Skiff to be numbered. Three
previous period determinations gave discrepant results. We
obtained two nights of photometry early in the 2019 apparition
using the 0.7-m telescope. The triple-mode lightcurve confirms the
period found by Apolstolovska et al. (2004) and by Aznar Macias
(2014web), and suggests the rough data (~0.1 mag scatter)
reported by Clark (2006) is a 3:2 alias of the true period. Our data
were taken at fresh PAB values, so they should also contribute to
shape-modelling. The RMS scatter is 0.012 mag.
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2585 Irpedina. All we can say about this main-belt object from
two nights of data is that the period is long and possibly of
substantial amplitude. These data were taken in 2010 Dec using
the 0.7-m telescope. A raw plot covering about 30 hours is
suggestive of the much longer trend.
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2629 Rudra. Three successive nights on this Mars-crosser using
the 0.7-m telescope in 2010 Oct covered less than half the likely
long rotation period near 123 hours reported by Waszczak et al.
(2015). We offer here simply a raw plot of the data, which shows
roughly two maxima and an intervening minimum over the 50-
hour observation interval. The asteroid was too faint for the 60-
second R, filter exposures that were adopted, so the per-point
scatter is large.
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2744 Birgitta. Using photographic plates on the 1-m Kvistaberg
Schmidt, Claes-Ingvar Lagerkvist (1976) both discovered and did
immediate lightcurve follow-up on this Mars-crossing asteroid in
1975 Sep. We obtained long runs on two consecutive nights using
the 0.7-m telescope in 2010 Oct. Each night produced a clean
lightcurve with nearly complete rotational phase coverage, so the
period is secure. The RMS scatter on the fit is 0.017 mag.
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3040 Kozai. This Mars-crosser was observed by Pravec and Pray
(Pravec 2019web), by Stephens and Warner (2019), and by
Polakis (2019) in the same apparition as our observations. We got
four nights subsequent to all these in 2019 Mar using both the 0.7-
m and 1.1-m telescopes. The various rotation periods determined
are identical within errors. The shapes and depths of the lightcurve
minima shift noticeably in a matter of days among the three
datasets having internal good precision. The RMS scatter on our
fitted curve is 0.014 mag.
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3073 Kursk. Smooth lightcurve traces with small internal errors on
four consecutive ‘photometric’ nights 2008 Apr 12-15 using the
1.1-m telescope are each somewhat different. This confirms the
binary nature of this main-belt Flora-family asteroid first reported
by Kusnirak et al. (2007). The data are insufficient in themselves
to resolve the two periods, however, so we show only a mean fit to
the shorter period, which highlights the non-repeating nature of
the nightly variations.
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3086 Kalbaugh. This Hungaria was found on photographic plates
taken in the 1980s with the Lowell ‘Pluto Camera’ astrograph. The
lightcurve has been well observed starting with Warner (2005). An
opportunity arose in 2019 Mar to get another series while it was as
far south as —30° Dec and at previously unobserved PAB values.
Thus the purpose was not to improve the period determination, but
to provide data with fresh viewing geometry to aid in shape
modelling. Two nights of 0.7-m data were obtained; the resulting
lightcurve exhibits the largest amplitude yet observed for this
object. The RMS scatter on the order-13 fit is 0.017 mag.
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3552 Don Quixote. This Amor has an unusual, comet-like orbit,
and is known to be active near perihelion. Detection of gas (likely
CO or CO") was made in the thermal-IR using Spitzer Space
Telescope in 2009 Aug, and a dust tail was visible in 2018 Mar
(Mommert et al., 2014; 2018). We obtained data as early as 2009
Nov using the LONEOS Schmidt, and again in 2018 Aug-Sep
with the 0.7-m telescope. We did not see activity directly, but it
was likely to be present since the object was not far from
perihelion in both instances.

In order to fit the photometry without large systematic zero-point
offsets trending with date, the phase-function coefficient G was
changed to —0.1 for the 2009 data and —0.3 for the 2018 data. The
first value is not atypical for a dark D-type asteroid like this, but
the effect of scattered light from some amount of translucent dusty
coma is unknown. The G parameter itself is probably an
inappropriate physical description in this circumstance, so the
adjustment is an arbitrary ‘fudge factor’.
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The lightcurves are shown at the same vertical scale to highlight
the difference in amplitude. The RMS scatter on the 2009
lightcurve fit is 0.040 mag; for the 2018 data it is 0.033 mag. The
morphology of the two lightcurves is distinct and different again
from those presented by Warner and Stephens (2019a) and by
Benishek (2019a), who both observed the asteroid only a few
weeks prior to our 2018 series. There was much additional data
obtained by the planetary-science community during the 2018
apparition, so a shape-model and other results will be forthcoming.
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3554 Amun. Wisniewski et al. (1997) obtained the first lightcurve
of this Aten-type asteroid in 1987, determining the correct period
from three nights of data. In Paper 2 we showed a composite
lightcurve spanning two calendar years, which fit together
surprisingly well. The two apparitions are parsed out below. The
2009 data were taken with the LONEOS Schmidt using exposures
between 2 and 3 minutes. The RMS scatter on the fitted curve is
0.020 mag. The dense series in 2011 was done using the Schmidt
on the first night (30-second exposures) followed by two more
nights with the 0.7-m telescope (90-second exposures). The
second phased plot has these data averaged by pairs (392 points).
The RMS scatter here is 0.015 mag. A single short night of
observation was taken on an intervening date. We include these
few data in the ALCDEF dataset for the sake of completeness, but
make no further use of them.
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3672 Stevedberg. Ken Menzies (2011web) obtained the first
lightcurve of this main-belt Flora, which is another Lowell ‘Pluto
Camera’ discovery. Four nights of sparse data taken with the
0.7-m telescope in 2014 Aug-Sep confirms his rotation period at
distinct phase-angle bisectors. The RMS scatter on the fitted curve
is 0.023 mag.
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3671 Dionysus. We obtained two nights on this binary Apollo
using 3-minute exposures with the LONEOS Schmidt in 2010
Apr. The asteroid was fairly faint, and so the results are poor. We
show the data force-fit to the period of Pravec et al. (2006); the
RMS scatter is 0.034 mag.
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3838 Epona. There are no formally published lightcurves for this
Apollo, but both we and Pravec (1999web) have made results
available on the Web. We observed it for only about 4% hours on
one night in 2010 Nov using the Schmidt. This was sufficient to
show the small-amplitude, short rotation period. Within the large
uncertainty of the short run, the period matches the better
determinations by Pravec. The phased plot shows the 298 original
30-second exposures averaged by pairs. The RMS scatter on the fit
is 0.013 mag.
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3875 Staehle. A previously unobserved main-belt Flora asteroid,
this object was observed on eight nights using the 0.7-m telescope
in 2011 Apr-May. The large-amplitude lightcurve has a
moderately-long period, so rotational phase coverage is
incomplete. Since only one extremum was properly witnessed,
there remains some uncertainty on the period, which could differ
by several tenths of an hour from what’s shown. The RMS scatter
on the fit is 0.041 mag.
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4179 Toutatis. As outlined in Paper 1, we obtained nearly 700
useful measurements over 29 nights with the Schmidt for this
tumbling Apollo in late 2008 and early 2009. To give a summary
of our coverage by date, a raw plot is shown without H,G
correction of the magnitudes, now all fairly close to Sloan r". The
data are insufficient for an independent determination of the two
tumbling periods, but might have other uses. Spencer et al. (1996)
presented analysis of early results for this asteroid.
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4205 David Hughes. This Mars-crosser is a Lowell ‘Pluto
Camera’ discovery. Three widely separated nights of photometry
gave only a hint that the lightcurve has large amplitude and the
period is very long. A raw plot (including H,G correction) is
shown below. The first night is 0.7-m data, while the two 2011 Jan
nights are from the LONEOS Schmidt.
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4894 Ask. Raoul Behrend (2015web) used data obtained by René
Roy to determine a provisional period of 3.78 h for this main-belt
Flora. Our two-night run in 2011 Apr using the 0.7-m telescope
yields a somewhat shorter period. Although the data are a bit
noisy, multiple cycles were covered each night. The RMS scatter
on the lightcurve fit is 0.030 mag.
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5011 Ptah. In Paper 2 we described our 2009 Apr LONEOS
Schmidt observations of this Apollo. Revision of the comparison
star photometry permits a notional fit to the period, as shown
below. No, we don’t believe it either. Even ignoring the
unconstrained minimum, the amplitude is nearly two magnitudes
at this fairly high phase-angle.
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5253 Fredclifford. Brian Warner (2014) correctly chastised us for
posting a rotation period for this Mars-crosser based on a single
night of rather poor data. Those were taken under an 88%-
illuminated waxing Moon with the unfiltered f/1.9 LONEOS
Schmidt, so the sky background was very bright. A few weeks
later (2010 Dec) we used the same instrument to get two nights
with no Moonlight when the asteroid was almost twice as bright,
yielding much smaller internal errors.
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We show the two phased lightcurves at the same scale. In an effort
to reduce the noise, the first has the 30-second exposures averaged
into three-image 3-minute bins and the period force-fit; the second
is a normal fit to all the data. The RMS scatter on the first is 0.029
mag, while for the second it is 0.014 mag. The morphology of the
lightcurves is broadly similar, though the amplitude in the second
plot is less than half that of the first.

5261 Eureka. Not long after its discovery by Hank Holt and David
Levy, this asteroid was recognized as the first Mars Trojan by Ted
Bowell (Marsden, 1990). Rivkin et al. (2003) obtained the first
spectra and portions of a lightcurve, but found the nightly
segments did not match up, possibly due to the then-unrecognized
binary. Our more extensive photometric series began in late 2011,
capturing several mutual events that allowed the system to be
solved. Observations were taken over twelve nights with the
LONEOS Schmidt, and the 0.7-m and 1.1-m telescopes. All the
data have now been adjusted more closely to the Sloan r” system.

Petr Pravec provided the binary orbital solution for Paper 2. We
do not repeat his phased lightcurves, but show raw plots from
successive nights on the 0.7-m telescope of the two sorts of mutual
events manifest during that apparition: one sharp, the other flat-
bottomed and a little shallower. The RMS scatter on the complete
solution was 0.020 mag for data from the two larger telescopes;
the Schmidt data were much less good. The LCDB indicates there
is no additional lightcurve photometry, surely overdue in this case.
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5404 Uemura. This inner main-belt object is one of two exemplar
asteroids in the much-cited paper by Harris et al. (2014) dealing
with the maximum allowable amplitudes of harmonics in asteroid
lightcurves. In private discussions leading up to this, Adrian Galad
suspected the asteroid might be rotating faster than the spin-barrier
limit. However, comprehensive analysis of his, ours, and other
data assembled by Harris et al. showed that the complex lightcurve
was best represented by a period near 3.45 h, which is nof unusual.
Our contribution was series at two different apparitions using the
0.7-m and 1.1-m telescopes as well as the LONEOS Schmidt. It is
inappropriate to repeat those results, but we record here that our
dataset is now adjusted closely to Sloan r’ and included in the
ALCDEF files for the asteroid. The second asteroid discussed in
Harris et al. is the small Apollo 2010 RC130, which is described
below.

(5604) 1992 FE. This Aten was picked up on four nights in 2009
Mar-Apr using the Schmidt, but we obtained only sparse
sampling. An approximate solution was offered in Paper 2. After
adjustment of the comparison stars to Sloan r’, the data can be fit
reasonably well to the period previously determined by Higgins
and Warner (2009) from data taken during the same lunation we
observed. We round-off the period-determination to 0.01 h due to
the sparse coverage; the RMS scatter on the fit is 0.015 mag.
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5620 Jasonwheeler. Some of these are easy! The large-amplitude
lightcurve with comparison stars adjusted to Sloan r” is essentially
identical to what we showed in Paper 2. The derived period is
close to that first published by Durkee (2010) from data taken one
month after ours.

The RMS scatter on the fit, from Schmidt data on five of six
consecutive nights using 48-second exposures, is 0.027 mag. The
deeper, sharp minimum is not fully traced by the order-13 curve: a
more accurate full amplitude is 1.22 + 0.02 mag. The Amor
asteroid has not been bright since the 2009 apparition, so there are
no recent lightcurves.
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5869 Tanith. Four nights in 2010 Nov using the Schmidt on this
Amor produced a complex quadrumodal lightcurve. Double- and
triple-mode fits at shorter periods are unsatisfactory. Compare the
similar lightcurves for asteroid (20446) 1999 JB80 in our Paper 3.
Some low-level tumbling seems likely, but clearly more data will
be required to resolve this. The phased lightcurve shows the
original 1666 data-points (mostly 45-second exposures) averaged
into three-image 5-minute bins. The RMS scatter on the fit is
0.018 mag.
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5945 Roachapproach. This main-belt Flora was discovered on
Lowell ‘Pluto Camera’ plates, and is named for electronic
‘ambient’ musician Steve Roach. We acquired three useful series
of photometry at well-separated phase-angle bisectors, as shown in
the table of observing circumstances, so the lightcurve
morphologies are also distinct. The first two apparitions were done
with the 0.7-m telescope, all 3-minute exposures with an R filter.
The 2019 Mar nights were 5-minute exposures with the 1.1-m
telescope and ‘VR’ filter. The phased plots are shown at the same
vertical scale. The RMS scatter for the 2014 run is 0.015 mag,
while for the larger-amplitude 2017 lightcurve it is only 0.008
mag. The 2019 data, when the asteroid was two magnitudes
fainter, have 0.014 mag scatter.
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5999 Plescia. The lightcurve amplitude of this Mars-crosser varies
strongly with phase angle. The period has been previously
determined by Pravec (2011web) and by Warner (2018b). We
obtained data in two successive lunations using the 0.7-m
telescope. The two nights in 2011 Jan gave complete rotational
phase coverage, and that period is used to force-fit the single night
from the month before. The RMS scatter on the fits are 0.040 mag
(2010 Dec, amplitude 0.98 mag) and 0.016 mag (2011 Jan).
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6012 Williammurdoch. This main-belt object was discovered in
1990 by Rob McNaught at Siding Spring. We observed it for
several hours on two consecutive nights in 2011 using the 0.7-m
telescope. The short-period, moderate-amplitude lightcurve is
well-defined despite internal errors somewhat larger than we
would prefer. The RMS scatter on the fit is 0.032 mag. These are
the only lightcurve data published hitherto.
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6239 Minos. This Apollo has been studied previously by Pravec
(2004web) and by Warner (2016a), who observed small amplitude
lightcurves with periods between 3.55 and 3.60 hours. We
obtained only a single run just short of 8 hours on 2010 Sep 5
using 30-second exposures with the Schmidt. This yielded a
quadrumodal lightcurve with a somewhat longer period of 3.67
hours. The PAB longitude is modestly offset from the previous
data. The RMS scatter on the fit is 0.020 mag.
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7267 Victormeen. The purpose of revisiting this Mars-crossing
asteroid was to obtain data at previously unobserved phase angle
bisectors. In 2019 May it was located well south of —30° Dec,
where the SkyMapper photometric catalogue (Wolf et al. 2018)
was essential. Three nights of observation using the 0.7-m
telescope were a little rough due to poor weather and bright
Moonlight. We confirm, however, the period by Pravec
(2008web). The RMS scatter on the fitted lightcurve is 0.035 mag.
The PAB values are offset by about 40° in longitude and 30° in
latitude from previous work.
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(6455) 1992 HE. Several observers have obtained photometry of
this Apollo, the earliest probably being Pravec (2002web). The
period is given alternately as 2.74 hours or twice this value. Our
two nights in 2012 Apr using the 0.7-m telescope indicate only the
shorter double-mode period, confirmed by a split-halves plot of
the fairly small-amplitude lightcurve. The RMS scatter on the fit is
0.015 mag.
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7965 Katsuhiko. This Phocaea was observed in 2019 Apr with the
0.7-m telescope to provide a lightcurve at new viewing geometry
compared to previous results. During this apparition, the PAB
longitude was offset by more than 100 degrees relative to data by
both Oey et al. (2009) and Behrend (2012web, observer Pierre
Antonini); the lightcurve morphology is considerably different as
a consequence. The RMS scatter on the fit is 0.014 mag.
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8444 Popovich. We followed this Mars-crosser for nearly four
weeks through 2010 Nov using the 0.7-m telescope, extending
from phase angle 2° to 16°. The increase in the lightcurve
amplitude away from opposition necessitated changing the phase-
function coefficient G to 0.3 to get things to fit reasonably well.
The adjustment may not be perfect, partly due to incomplete
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rotational phase coverage, but the default value 0.15 is certainly
incorrect. The RMS scatter on the fit is 0.024 mag.
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9564 Jeffwynn. Two nights of 1.1-m data near the 2019 Jun Full
Moon produced a clean lightcurve for this Mars-crossing Phocaea.
The period matches that of Warner (2013), but with rather better
internal precision (0.011 mag versus ~0.03 mag). The PAB values
are offset by about 80° in longitude from the earlier work. Our
lightcurve amplitude is smaller despite higher phase angle, and the
morphology is somewhat different.
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(12538) 1998 OH. Brian Warner has agonized over several
datasets for this Apollo, the most recent being the “continuing
non-resolution” of Warner (2019) from data in 2018 Oct. We
obtained two nights of data in 2019 May-Jun using the 1.1-m
telescope under Moon-free photometric conditions. The phase
angle was much higher and PABs different than previously; nearly
two rotational cycles were obtained each night. The data seem to
point unambiguously to a single period near 2.58 hours. The high
phase angle changed enough in the six-day gap that the amplitude
is significantly different, so phased plots are shown for each night.
The RMS scatter for both nights is 0.007 mag, quite a bit better
than the Warner data (~0.027 mag). The double-mode period near
5.2 hours is excluded by split-halves plots.
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(14402) 1991 DB. In Paper 2 we showed unconvincing results for
this Amor. By contrast Pravec (2000web), displays a complete,
well-defined lightcurve from data taken in 2000 Mar. However,
making magnitude corrections to the comparison stars allowed us
to recognize that the rapidly increasing phase angle caused the
amplitude to increase significantly. We now show two lightcurves
from the beginning and end of our 2009 Mar Schmidt series; three
additional intervening nights are included in the ALCDEF file.
The RMS scatter on the two phased plots is 0.040 and 0.049 mag,
roughly 3-sigma detections from only 28 and 41 data-points,
respectively.
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(15700) 1987 QD. Durkee et al. (2010) announced that this Mars-
crosser was a candidate binary from observations taken in 2010
Sep-Oct. We observed the asteroid on four nights 2010 Jul-Sep.
The first plot below shows one night at fairly high phase-angle
from the 0.7-m telescope with the data force-fit to the known short
rotation period. The RMS scatter is 0.027 mag. Two successive
nights closer to opposition using the Schmidt are also shown; the
amplitude is much smaller and the morphology has changed. The
RMS scatter here is 0.016 mag. A short run on an isolated night is
included in the ALCDEF dataset.
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(19402) 1998 EG14. Our observations of this Mars-crosser appear
to be the only such photometry available. We obtained fairly
sparse data on three nights in 2010 Nov using the 0.7-m telescope.
These yielded a short-period, moderate-amplitude lightcurve. On
the first and last nights the runs extended beyond 8 hours, nearly
three rotational cycles. The RMS scatter on the fit is 0.020 mag.
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(20691) 1999 VY2. Several observers caught this Mars-crosser
during the apparition of 2010/11 Dec/Jan, all with similar results.
We used the 0.7-m telescope on two nights during this time to get
runs of nearly 8 hours, just shy of three rotational cycles each
night. The lightcurve is smooth and uncomplicated; the RMS
scatter on the fit is 0.016 mag.
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20936 Nemrut Dagi. In a 2011 CALL post we preferred a double-
mode 6.5-hour rotation period for this Hungaria. In several later
papers, starting with data taken during the same apparition, Brian
Warner (2011b) found that the half-period was more likely. Our
revised data are shown below from pairs of nights at two
successive lunations in 2011 Jan-Feb, and again in 2019 Apr. All
three were done with the 0.7-m telescope and R, filter. The
amplitudes for the first two series are small compared to the noise
in the data (RMS scatter 0.020 and 0.028 mag, respectively),
between 3- and 4-sigma. In 2019 Apr we obtained rather better
data (RMS scatter 0.011 mag) at fresh phase-angle bisectors. The
object is evidently nearly spherical, so the amplitude remains
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small, and the lightcurve morphology similar. The three plots
below are at the same vertical scale.
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21104 Sveshnikov. Five of six consecutive, mostly clear nights in
2010 Oct with the 0.7-m telescope yielded a clean lightcurve for
this Mars-crosser. The R -filter exposures were 45- or 60-seconds,
usually taken in pairs and mixed with other targets during the
night. The RMS scatter on the fit is 0.018 mag. This confirms to
similar accuracy the period in sparse data from the Palomar
Transient Factory (Waszczak et al., 2015).
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(22262) 1980 PZ2. This Phocaea has no previous lightcurve. We
observed it using the 0.7-m telescope in the weeks following
opposition in 2019 Apr, when it was well south of the ecliptic. The
period turned out to be moderately long, which made getting
complete rotational phase coverage difficult since the nightly
viewing window was short. The results appear to be satisfactory,
although the order-6 fit does not quite capture the sharp primary
maximum accurately. The RMS scatter on the fit is 0.015 mag.
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(23183) 2000 OY21. Warner (2016b) published the first lightcurve
for this Amor from data taken in 2016 Jan. Three long consecutive
nights from five years earlier with the LONEOS Schmidt (20- and
30-second exposures) produced a very nice clean lightcurve. The
runs were about 7, 7, and 8% hours each. An order-13 Fourier fit
was required to pick up the sharp minimum accurately. The RMS
scatter on the fit to the 1300+ data-points is 0.023 mag.
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(24029) 1999 RT198. We obtained data at two apparitions at
similar PABs for this Mars-crosser using the 0.7-m telescope.
Both lightcurves exhibit fairly large amplitudes and sharp minima,
requiring order-10 fits to capture them accurately (the sparsely-
sampled maxima are over-fit, so the fitted curves are omitted
here). The RMS scatter on the 2010 Nov lightcurve is 0.022 mag,
while for the 2017 Oct data it is 0.015 mag. The full amplitudes
are 0.70 and 0.82 mag, respectively.
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24643 MacCready. Two nights of 1.1-m telescope data on this
Mars-crossing Phocaea showed that previously announced
uncertain periods (Pravec 2005web, 4.507 h; Erasmus et al. 2017,
2.06 h) are both incorrect. The 5-hour runs in 2019 Jun spanned
more than 1% cycles each night, so the correct period was evident
from visual inspection of the nightly raw plots. The RMS scatter is
0.012 mag.
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26471 Tracybecker. This Mars-crossing binary Hungaria has been
observed many times for lightcurves starting with Behrend
(2001web), who gave the period derived from data by Bernasconi,
Charbonnel, and himself. The binary nature was reported by
Warner et al. (2009a). Our four nights using the 0.7-m telescope in
2019 Mar were taken when the asteroid was at about —30° Dec and
at PAB values not observed hitherto. Again the purpose was to
provide leverage for future shape-modelling. Mutual events were
not evident. The RMS scatter on the fit is 0.019 mag.
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(35107) 1991 VH. As described in Paper 2, we did not obtain
enough independent data to disentangle the periods of this well-
known Apollo binary, identified originally from its lightcurve but
now resolved via direct imaging. The 570 observations were
obtained on five nights in 2008 May and six nights in 2009 Jan
using the LONEOS Schmidt, and 0.7-m and 1.1-m telescopes. The
revised data are included in the ALCDEEF files.
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(37384) 2001 WUI. This Mars-crosser had a northern apparition
in spring 2019, which we caught on two nights as it emerged from
the evening twilight using the 1.1-m telescope. The secondary
maximum has a curious dimple (at fairly high phase-angle and
phase-angle bisector latitude +30°), but otherwise the lightcurve is
uncomplicated. The RMS scatter on the fit is 0.014 mag.
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(38074) 1999 GX19. Two short nights with the 1.1-m telescope at
the 2019 Jun summer solstice gave nearly complete rotational
coverage for this low-inclination Mars-crosser. The RMS scatter
on the fitted lightcurve is 0.009 mag.
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(42811) 1999 IN81. This is another trial to get data at previously
unobserved viewing geometry in hopes of providing leverage for
future shape modelling. Data were acquired on two nights in 2019
Apr using the 0.7-m telescope and R, filter. Three previous
lightcurves at nearly identical PABs were obtained by Warner
(2008, 2012) and by Benishek (2018). For the new lightcurve, the
angles are offset from those by about 100° in longitude and more
than 50° in latitude. The RMS scatter on the lightcurve is 0.018
mag.
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(42930) 1999 TM11. This Phocaea-type asteroid had its rotation
period previously determined from sparse Palomar Transient
Factory data (Waszczak et al. 2015). We confirm their results
from two nights of 5-minute R -filter exposures using the 0.7-m
telescope in 2019 Apr. The viewing geometry was nearly the
same. The RMS scatter on the fitted curve is 0.012 mag.
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(52768) 1998 OR2. We used the LONEOS Schmidt to observe
this Amor on eight nights in 2009 Jan-Feb, as presented in Paper
2. Some of the nightly runs span six hours. The data are ample, of
good quality, and the period-determination is unambiguous.

Period Spectrum: (52768) 1998 OR2
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The results presented by Betzler and Novaes (2009) have large
internal errors, up to 0.2 mag, and the period they find is incorrect.
The RMS scatter on our phased lightcurve is 0.020 mag.

This is exhibited along with the period spectrum between 2 and 12
hours, which indicates that the Betzler and Novaes 3.2-h period is
not present in our data (the nearby weak minimum is at 3.07 h). It
might be useful to fit their original data to the new period and
determine post-facto which points are the deviant ones.

(53319) 1999 JMS8. We obtained two series of observations for
this tumbling Apollo (Pravec et al. 2005). The first was four nights
in 2008 Mar-Apr using the 1.1-m telescope; in 2008 Oct we got
seven more nights using the LONEOS Schmidt. Neither run was
sufficient to deal with the long-period tumbling aspect. All data
are now adjusted to Sloan r” and included in the ALCDEF file.

(65679) 1989 UQ. Petr Pravec et al. (1998a) obtained the first
lightcurve for this 1-km PHA Aten in 1996, which is the only
published result. Our two-night series in 2010 Oct with the
Schmidt yielded over seven hundred 45-second exposures. Our
period matches the previous one and has similar internal scatter
(RMS error 0.031 mag).
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(68134) 2001 AT18. This Mars-crosser is a LONEOS discovery.
We targeted it for two nights in 2010 Dec using the 0.7-m
telescope, and obtained about two hundred 90-second exposures.
The large-amplitude lightcurve has sharp minima, fit here with an
order-13 Fourier curve. The RMS scatter on the fit is 0.032 mag.
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There is no other published photometry. A favorable northern
apparition occurs in autumn 2020, which will have phase-angle
bisectors completely different from those of the 2010 apparition.
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(68216) 2001 CV26. Several observers have obtained rotational
lightcurves for this 1-km Apollo as early as the 2010 apparition in
which we followed it. Our best night was a 6%,-hour run with the
1.1-m telescope and R, filter. This produced the clean result
shown below (RMS scatter 0.009 mag).
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On three later nights we used the LONEOS Schmidt, where the
results were poorer, as shown in the second phased plot (RMS
scatter 0.031 mag). An earlier isolated night, 2009 Dec 19, is
included in the ALDEF dataset.

(68350) 2001 MK3. Albino Carbognani (2011) published a
complete lightcurve for this Amor from data taken during the
same interval we observed it in early 2009. His period (3.273 h) is
somewhat longer than ours; the morphology is identical but the
lightcurve is under-fit, and some stray data-points may have
skewed the period. Our LONEOS Schmidt lightcurve in Paper 2 is
confirmed here to higher precision after revision of the
photometry. Many of the nightly runs exceed six hours. An 8-
hour dataset isolated from these is plotted separately with the
period force-fit. The phase-angle was smaller, so the lightcurve
amplitude had shrunk and was of somewhat different form. The
RMS scatter on the two fits is 0.019 and 0.033 mag.
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(74779) 1999 REF241. We appear to have obtained the only
lightcurve photometry so far for this Mars-crossing Phocaea.
Significant portions of three nights using the 0.7-m telescope in
2010 Dec defined the large-amplitude variation very clearly. The
RMS scatter on the fit is 0.023 mag.
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(74823) 1999 TDI15. Our data through 2010 Nov from the 0.7-m
telescope for this Mars-crosser ranged from 2° to 20° phase angle,
so the lightcurve amplitude increased significantly. We could
adjust for this fairly well by changing the phase-function
coefficient G to 0.4. The rotational phase coverage is incomplete,
but the period is uncertain by only perhaps 0.1 hour at most. The
RMS scatter on the fit is 0.024 mag.
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(85839) 1998 YO4. Previously, Warner (2010) concluded there
was no sensible variation in this Amor from three nights of data
taken one month prior to ours. We obtained only a single 4-hour
run using the Schmidt in 2010 Apr 14, so can certainly agree that
the variation is small. A notional fit is given even so, which has
RMS scatter of 0.014 mag. See the discussion for asteroid
(208023) for a cautionary tale about inferring too much from short
observing runs.
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(85867) 1999 BY9. A notional plot of LONEOS Schmidt data
from 2009 Mar-Apr was shown in Paper 2, mainly to indicate that
this Amor was a likely tumbler. Adopting Sloan r" magnitudes for
the comparison stars from Pan-STARRS showed there were
significant shifts in the nightly zero-points from the earlier work,
but no change in the conclusions. There is likely to be a pseudo-
periodicity of some tens of hours involved, evident from the
slopes of the nightly runs in the upper-left portion of the plot
below. However, we do not have enough data to make a proper
solution since not even one extremum was captured. Data
collected by Hasegawa et al. (2018) on five nights in 2009 Jan are
likewise indeterminate. The raw plot shows our ten nights without
H,G correction.
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(87684) 2000 SY2. In Paper 1 we gave a plot of the photometry
from a single night (2008 Sep 7) for this Aten. These were
obtained mainly with the 1.1-m telescope plus a few additional
points from the LONEOS Schmidt, both used unfiltered. The
combined series spanned only about 3% hours. We have re-
measured the original images using the same comparison stars in
both sets, and adopt better Sloan r” values for those stars. Despite
the short run, a small-amplitude lightcurve emerged whose period,
within our larger uncertainty, matches that of Warner (2017b;
N.B. a typo for the period in the text and table there: the period of
2.57 hours given in the figure is correct). The weak triple-mode
morphology is also very similar to Warner’s. The RMS scatter on
the fitted curve is 0.011 mag.
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(99913) 1997 CZ5. Based on data from 2011 Jan, Higgins et al.
(2011) announced that this Mars-crosser was binary. No lightcurve
has been published from those data. Earlier in that apparition,
(2010 Oct) we obtained two 4-hour runs on consecutive nights
using 20-second exposures on the Schmidt, which clearly revealed
the short period of the system but no evidence of a binary. The
PAB values are offset from Higgins et al. by about 50° in
longitude and 40° in latitude and also at much higher phase-angle.
The RMS scatter on the fit is 0.019 mag.
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(100926) 1998 MQ. This 1-km Amor was the first NEO found by
the LONEOS survey in 1998 Jun, identified by then-
undergraduate summer student Chris Onken, more recently project
manager of the valuable SkyMapper survey. Warner (2011a)
obtained a lightcurve in 2011 Oct, producing a triple-mode
rotation period of 2.33 hours. Three weeks later we got a few data-
points at somewhat lower phase angle on one night using the 0.7-
m telescope. We show a force-fit the Warner period, which
indicates an amplitude only half that of his. The RMS scatter on
the fit is 0.015 mag.

Minor Planet Bulletin 46 (2019)



14551 (100926) 1998 MQ |
Period: 2.33 £ 0.01 h Amp: 0.06

nitude(r) alpha(31.3°)

1510 Year: 2010
% 679 - 11106
1515 680 -11/06] —
© 681-11/06
JDO(LTC) 2455506 837575
L L 1 L L

—2nd Order
000 010 020 030 0.40 0.50 0.60 0.70 080 0.90 100

(102873) 1999 WK11. This Amor was observed on three nights in
2008 May-Jun using the 0.7-m and 1.1-m telescopes without
filters. The 0.7-m results were quite noisy due to fringing from
night-sky emission, so many of those data-points had to be
omitted. The rotation period is short for a 1-km object; the RMS
scatter on the fit is 0.017 mag. The asteroid has not been brighter
than mag 20 since 2008, so there is no further photometry.
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(136568) 1980 XB. Benishek (2019b) observed this Mars-crosser
in early Dec 2018; about six weeks later, before those results were
published, we got with another run. We used the 1.1-m telescope
on two nights in bright moonlight. The two lightcurves are very
similar. The RMS scatter on the fit to our data is 0.008 mag.
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(138883) 2000 YL29. Revision of our complete LONEOS
Schmidt dataset of this Apollo produced a puzzle. At the insightful
suggestion of Brian Warner (priv. comm.), we have changed the
phase-function coefficient G to 0.3 from the default value of 0.15.
This allowed the 2009 Sep-Oct nights to be phased with the same
period as shown in Paper 2, but with a peculiar morphology (the
Paper 2 lightcurve itself is completely erroneous). The RMS
scatter on the somewhat over-fit order-9 curve is 0.037 mag. A
raw plot from 2009 Sep 23 highlights the sharp minimum
appearing that night. Two additional isolated nights of data are
included in the ALCDEF file, but not shown here.
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(141432) 2002 CQ11. David Polishook (2012) obtained a rough
lightcurve for this 250-meter Aten from Wise Observatory in 2007
Feb. Our two nights came in 2011 May using the Schmidt, when
the PAB longitude was offset about 50° from his. From more than
550 30-second exposures, our data phase to a period similar to that
of Polishook and the morphology may be somewhat different
(only one well-defined minimum in the fitted lightcurve). The
amplitude is fairly small relative to the internal scatter (0.036
mag), so the result is not as nice as we would like to see.
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(141498) 2002 EZ16. Warner and Stephens (2019b) have
observed this Aten recently, obtaining a provisional period of
8.35 h. Our three nights from 2010 Nov using the Schmidt do not
confirm this, but neither are we happy with the results due to the
noisy data. The separate sessions each night point to a 5-hour
period, but periods near 10 and 12.5 hours seem admissible. The
phased lightcurve with the shorter period is shown below along
with a period spectrum between 2 and 35 hours. The RMS scatter
on the fit is 0.040 mag.
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(143381) 2003 BC21. We got several runs on this Amor during
northern autumn 2010 using the Schmidt and the 0.7-m telescope.
The large amplitude and fairly short period made it easy to follow
specifically to pick up maxima. Surprisingly, there is no entry for
the asteroid in the LCDB; it has not been brighter than mag 19
since 2010. Six phased plots are given at the same vertical scale
for each group among the thirteen observing nights. The last two
are force-fit to the approximate period since they result from
single-night runs. The series covers a substantial range in phase-
angle before and after opposition, but only a modest range in
phase-angle bisectors, so the morphology is little changed. The
RMS scatter is about 0.04 mag for each plot.
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T v i all three are similar (we must have looked at the same object!),
16.20 . featuring a long period near 114 hours, large amplitude, and

mildly non-repeating tumbling aspect. Our LONEOS Schmidt
data, first given in Paper 2, were taken on 15 nights with
- _ exposures ranging from 3 minutes down to 75 seconds.
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The new fit has the period rounded to 1 h, merely to indicate the
likely approximate dominant period. The RMS scatter on the data
is 0.040 mag because of the poor single-period fit; nightly internal
errors are better.

(152558) 1990 SA. We used 30-second exposures with the
Schmidt on successive nights to get fairly long runs on this Amor,
totaling about 12 hours on the target. The lightcurve is smooth
within the errors in the data, which have RMS scatter of 0.021
mag around the fit.
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(152952) 2000 GC2. We caught this faint, fast-moving Amor on
three nights in 2010 Sep using the Schmidt and 0.7-m telescope.
The amplitude turned out to be small, giving only 3-sigma
significance in the period determination. The noisy segments of
each ‘session’ (~0.06 mag RMS) could be linked reliably only by
being confident that the magnitudes for the comparison stars were
consistent to ~0.01 mag across the series (mainly from Pan-
STARRS). We show here a phased plot with the data averaged in
three-image 6-minute intervals. The RMS scatter is 0.040 mag.
The double period near 8.4 hours is not excluded, and gives a
simpler-looking double wave.
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(153814) 2001 WNS. Two photometry runs about two weeks apart
were obtained for this 1-km PHA Apollo, which is a LONEOS
discovery. We used the LONEOS Schmidt itself in 2010 Oct for
the data: two nights of 15-second exposures at fairly high phase-
angle, then a single 6-hour run of 30-second exposures at lower
phase-angle. The form of the triple-mode lightcurve is not
dramatically different between the two, but the amplitude is
greatly reduced in the second plot. The RMS scatter on the fits is
0.038 and 0.027 mag, respectively.
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(154029) 2002 CY46. Warner et al. (2011) used data from Palmer
Divide and Lowell taken in early Sep 2010 to provide a very
clean, small-amplitude lightcurve for this Apollo, which had been
observed via radar. There is no reason to repeat those results other
than to note we have now adjusted the LONEOS data more closely
to Sloan r’. The period derived from our data alone (856
observations) is identical to the combined one presented by
Warner et al.; the RMS scatter is 0.014 mag.

(154244) 2002 KL6. Satisfactory datasets were obtained using the

1 1 L L 1 Il L L 1 L
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LONEOS Schmidt across four lunations between 2009 Jun and
Oct, as originally described in Paper 2. Exposures ranged from 30
to 90 seconds. The first lightcurve for this Amor was published by
Galad et al. (2010) from data taken at the same time as our first
run. The four new phased lightcurves are shown at the same
vertical scale, showing the reduction in amplitude and more
symmetrical morphology later in the apparition when the phase-
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angle was lower. The RMS scatter on each of the fits is about 0.04 ‘ ‘ ‘ ‘ P ' ' '
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161989 Cacus. We obtained only fourteen observations with the
Schmidt over less than 3% hours on 2009 Feb 19 for this Apollo
(cf. Paper 2). UBV colors and period of 3.75 h, considered very
rapid at the time, have been known since shortly after its discovery
(Surdej and Surdej, 1978; Degewij, 1978). We show a simple
order-2 force-fit to this period. Ignoring the unconstrained
maximum, the asteroid varied by about 1.1 mag in this interval.
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(162385) 2000 BM19. Our observations of this Aten were made
using the Schmidt in the few hours before dawn on several nights
in 2009 Jan-Feb. Thus we have little overlapping phase coverage.
The period is nevertheless unambiguous, as noted in Paper 2; the
nightly zero-point offsets mentioned there are removed by revising
the comparison star magnitudes using the Pan-STARRS catalogue.
The RMS scatter on the fit is 0.046 mag.
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(162900) 2001 HG31. There is no significant change in what we
presented for this tumbling Amor in Paper 1: about 660 Schmidt
observations through 2008 Oct-Dec plus two nights in 2009 Mar.
No simple periodic lightcurve is found from our data. Only the
comparison stars have been adjusted more closely to Sloan 1’
throughout the apparition, and the revised data deposited in the
ALCDEF database. The temporal coverage is shown in a plot of
the raw data with no H,G correction.
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(163000) 2001 SW169. This Amor is another object for which our
observations are inadequate. In Paper 1 we gave a poor, notional
fit from Schmidt data taken in 2008 Sep-Oct. After adjustment of
the comp stars, we now show another unsatisfying fit, and almost
certainly wrong. Stephens (2016) showed a lightcurve fit to one of
several similarly valid periods from his more extensive data. It
could be that the situation is complicated, involving tumbling or
very long periods, so there is no firm conclusion yet.
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(164716) 1998 GH. We obtained only a single night on this
Hungaria using the 0.7-m telescope in 2010 Nov, but the 9.7-hour
run covered about 3% rotational cycles of the small-amplitude
lightcurve. Our period is not far from the 2.645-h period given by
Waszczak et al. (2015) from sparse data in the Palomar Transient
Factory survey. This is rated quality U = 1 in the LCDB, but we
essentially confirm it as correct within our mutual errors. The
RMS scatter on the simple order-2 fit is 0.026 mag.
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(174599) 2003 QM70. The rotation period of this Mars-crosser
must be several tens of hours, but we obtained only two nights on
the target using the 0.7-m telescope. We show a notional fit to the
data, which is possibly half the true period. The RMS scatter on
the fit is 0.030 mag.
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(175706) 1996 FG3. This is a well-known binary Apollo having a
very dark surface and low orbital velocity relative to Earth (Walsh
et al., 2012). We observed it on five nights in 2009 Mar-Apr using
the Schmidt with exposures of about two minutes. The phase-
function coefficient G was found to be —0.07 by Pravec et al.
(2012), which we adopted for the reductions here. In Paper 2 we
were not able to fit the photometry properly due to assuming the
incorrect default value for G (0.15); the lightcurve there is wrong.
The new period determination is similar to the short period of the
binary first identified by Mottola and Lahulla (1998) and Pravec et
al. (1998b), though our data are fairly noisy (RMS scatter 0.045

mag), probably from not also accounting for the longer 16-h
orbital period.
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(184990) 2006 KE69. This 2-km Apollo is a LONEOS discovery.
In 2008 May we obtained two nights of unfiltered photometry
using the 1.1-m telescope. The asteroid was faint, so the data are
noisy, but produce a weak lightcurve with a period similar to the
provisional one determined by Behrend (2006web) from other
observers’ data. The RMS scatter on our lightcurve is 0.045 mag.
Clearly the object needs further attention.
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(185851) 2000 DP107. We observed this well-established binary
Apollo asteroid (Pravec et al. 2006) throughout 2008 with the
LONEOS Schmidt, and 1.1-m and 1.8-m telescopes on 29 nights.
Only 17 of these were described in Paper 1; all are now adjusted to
Sloan r” magnitudes. While some isolated groups of nights can
reproduce the short-period component of the lightcurve, there is
not enough coverage to resolve the complex longer period
independently. Below is an example of the short-period variation
in Schmidt data from sparsely sampled 30-second exposures on
successive nights when it was bright (RMS scatter 0.017 mag).
For reference we also show a raw plot without H,G correction of
our complete temporal coverage appearing in the ALCDEF
database.
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(185854) 2000 EU106. Revision of the comparison stars has not
significantly changed the incomplete two-night Schmidt lightcurve
for this Mars-crosser from Paper 1. We reproduce this with the
period force-fit to 3.5 h, consistent with the later, more complete
coverage by Warner (2015). The formal RMS scatter on the fit
here is 0.046 mag.
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(188452) 2004 HE62. A single 4'4-hour run using the 1.1-m
telescope on 2008 Sep 7 yielded only ~3/4 of a complete
lightcurve for this Amor, capturing two minima but only the
secondary maximum properly. The raw data show that the period
must be about 5.4 hours, and we adopt a minimum in the period
spectrum near that period. The RMS scatter on the fit is about
0.015 mag, but it is somewhat uncertain. The high phase-angle
produced the large 1.15 mag amplitude.
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(194386) 2001 VGS5. The lightcurve we showed for this Apollo in
Paper 2 was basically correct, but did not include all the LONEOS
Schmidt data from 2009 Jun. Adopting Pan-STARRS photometry
for the comparison stars led to a substantial shift in the apparent
magnitudes (brighter), allowed an entire night that was previously
omitted to be added (doubling the number of data-points!), and
eliminated the large nightly zero-point offsets that were applied.
The revised lightcurve is far more secure and is only slightly
different than the one published by Warner (2016b). The RMS
scatter on the fit is 0.05 mag. An isolated night, 2009 Jan 15, is
included in the ALCDEF file for this asteroid.
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(207945) 1991 JW. A rather scattered lightcurve for this Apollo
was shown in Paper 2 from Schmidt data taken in 2009 Apr-May.
After adjusting the comparison stars more closely to Sloan r” we
give a cleaner result with better precision on the period. The RMS
scatter on the fit is 0.028 mag. These remain the only lightcurve
photometry for this asteroid.
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(208023) 1999 AQ10. We gave a data-description but no
lightcurve for this Aten in Paper 2, claiming no variation within
the uncertainties. Betzler and Novaes (2009), observing for only 4
hours on 2009 Feb 14, gave a period of 2.79 h. Using another
short run from the following night by Silvano Casulli, Behrend
(2009web) found a provisional period of 2.67 hours.
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We obtained sparse Schmidt data starting two weeks prior to these
on five of the six nights 2009 Jan 30 to Feb 4 with exposures
between two and three minutes. After adjusting the comparison
star magnitudes, the data now yield a somewhat uncertain period
of 6.28 h, which we round to 0.01 h precision. The RMS scatter on
the fit is 0.030 mag. We find only a weak minimum near 2.78 h in
the period spectrum. The Betzler and Novaes and Casulli-Behrend
data could possibly be linked to provide an independent test of
both the shorter and longer periods.

(219071) 1997 US9. Observations of this Apollo extended for
more than 8 hours on two consecutive nights in 2010 Nov using
45-second exposures with the Schmidt. Thus about 2% rotational
cycles were witnessed each night. The period is somewhat
different than that given by Pravec (1998web, 3.52 h). The RMS
scatter on the fit to our data is 0.036 mag.
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(220124) 2002 TE66. We obtained three consecutive photometric
nights of sparse data in 2010 Apr for this 600-meter Apollo using
3-minute exposures with the Schmidt. The data are fairly noisy,
but seem to show a moderately short-period lightcurve of small
amplitude at 3-sigma significance (RMS scatter 0.05 mag). This is
contrary to the 45.4-hour period reported by Warner (2017a).
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The phased lightcurve along with the period spectrum of the data
are shown. The minimum near 5.8 hours is a triple-mode solution
(not utterly excluded since the amplitude is small), but no longer
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periodicity is present out to the 54-hour baseline of our data. It is
possible that the disparate periods reflect some aspect of a very
wide binary.

(242211) 2003 QB90. Despite a fair effort to get several nights of
data on this Amor, we were unsuccessful in finding the rotation
period in 2010 Sep. The series includes one night with the 1.1-m
telescope, three more nights using the Schmidt, and finally a night
with the 0.7-m telescope. A raw plot with H,G correction is shown
below, indicating either a long period and/or small amplitude well
below the noise level in our data.
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(242643) 2005 NZ6. Our two-hour run from 2008 May on this
high-eccentricity Apollo using the 1.1-m telescope unfiltered
shows perhaps one-third of a complete lightcurve. A notional fit
suggests a period roughly in the range of 6 or 7 hours, but the
correct period could be somewhat longer.
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(248818) 2006 SZ217. In Paper 1 we gave only a summary of
sparse photometry from LONEOS Schmidt data for this Amor.
Revision of the comparison stars now allows us to find a likely
period similar to, but different from, an uncertain one by Ye et al.
(2009), who observed the asteroid the same week as we did in
2008 Dec. Our period determination is nevertheless also somewhat
uncertain, which we round to 0.01-h precision. The RMS scatter
on the fit is 0.020 mag, much smaller than the Ye et al. data,
where it is approximately 0.07 mag.
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(256412) 2007 BT2. Our observations of this Amor in spring 2009
were insufficient to produce a complete lightcurve, as explained in
Paper 2. After revision of the comparison star magnitudes, one
could suspect a period of several tens of hours and amplitude of at
least 0.6 mag. The asteroid has not been particularly bright since
2009, so there are no further photometric data.

(260141) 2004 QT24. We observed this PHA Apollo on two
nights in 2011 Apr using the Schmidt. These high phase-angle
data were sufficient to define the large-amplitude lightcurve. The
phased plot shows the 671 useful 30-second exposures averaged
by threes into 226 data-points. The RMS scatter on the fit is 0.038
mag. The asteroid has not been brighter than V = 18 since 2011,
so there is no further photometry.
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(277039) 2005 CF41. Two nights of data in 2008 May using the
1.1-m telescope were insufficient to give complete rotational
phase coverage for this Apollo. The segments do suggest a period
near 16 hours, which we round to 0.1-h precision. The RMS
scatter on the fit is 0.02 mag.
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(305090) 2007 VQA4. In Paper 1 we showed a combined lightcurve
for this Amor from two isolated nights of 1.1-m data in 2008 May-
Jun. After revision of the comp stars it appears preferable to show
them separately. The first night covers more than six hours, nearly
2% rotation cycles, and seems to be reliable, if noisy. The asteroid
was much fainter on the second night and so the results are more
uncertain. The RMS scatter on the fitted curves is the same for
both, 0.024 mag; the second curve is somewhat over-fit.
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(325769) 2010 LY63. We observed this Amor on four nights
using the Schmidt and 0.7-m telescopes in 2010 Sep-Oct. These
were insufficient to get a handle on the rotation period beyond
saying that it must be long and has a large amplitude, possibly
involving tumbling. Periods of many tens of hours are likely, but
cannot constrain limits to any useful extent. Only a raw plot of the
data (with H,G correction) is offered here.
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(341843) 2008 EVS5. This is a 400-m Aten. Because of a subtle
change in amplitude between our two nights of Schmidt data,
which were combined in Paper 1, we show them separately here.
Note the drop in brightness of half a magnitude in three days. The
tiny variation and single-night runs preclude a precise period
determination despite having more than two cycles covered each
night (8 and 9 hours, respectively). The morphology is the same in
the two lightcurves, but the maxima are shifted in phase in the
plots. Within our significant errors the periods are the same as
those found by others, notably Galad et al. (2009), who also
observed it during the final week of 2008. Their lightcurves show
much rapid, small-scale variation that is unresolved here; they also
note possible intra-night changes in morphology. The RMS scatter
on our two phased lightcurves is 0.007 and 0.010 mag.
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(345705) 2006 VB14. We previously showed Schmidt data in
Paper 1 for this 400-m Aten. After revision of the comparison
stars, the sparse data from 2008 Dec yield a noisy lightcurve with
a period matching two series by Warner (2016¢, 2017a). The RMS
scatter here is 0.06 mag. The seven-hour run from 2010 Nov 27
covers two rotation cycles, but seems to fit only a somewhat
longer period; the RMS scatter is 0.05 mag. The two phased
lightcurves are shown below at the same vertical scale. The
periods are both rounded to 0.01-h precision due to the sparse
sample in 2008 Dec and having only the single night in 2010 Nov.
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(367248) 2007 MK13. This 400-meter PHA Apollo was observed
by Hicks and Somers (2010) at the end of Dec 2009. At the same
time, we obtained two nights of sparse data using the LONEOS
Schmidt with exposures between 85 and 105 seconds, followed a
week later by a single full night with the 1.1-m telescope and 60-
or 90-second exposures. Periods derived from these data are
similar to Hicks and Somers. The two phased lightcurves are
shown to document the spectacular amplitude on 2009 Dec 26. It
would be surprising if this was not a contact binary. The RMS
scatter on the fits are 0.038 mag (LONEOS) and 0.027 mag
(1.1-m).

(367248) 2007 MK13
15.20 Period: 5.285  0.003 h Amp: 1.46 ,
15.40

15.60 -

Magnitude(r) alpha(58.3°)
s o & o
> N o ®»
=] (=] = o
T

16.60 -
16.80 - Year: 2009 |
A A 1346 -12119
¥ 1347 -12119
17.00 - | 1358 - 12/20]
* 1359 - 12120
JDo(LTC): 2455186.026272 7thOrder
Il 1 Il Il 1 Il Il [l Il Il 1
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
T T T T T T T T T T
(367248) 2007 MK13
14.40 - i
14.60 - B
14.80 - B
&
& 15.00F g
<@
£ 1520 .
e
2 15.40 .
3
3 15.60- .
=
2 15.80 .
=
16.00 - B
Year: 2009
+ 1469 - 12126
16.20 ® 1473 -12/26|
A 147412126
16.40} —9th Order
JDo(LTC): 2455191.760666 Period: 5.283 £ 0.003 h Amp: 2.17
Il 1 Il Il [l 1 Il Il [l 1 Il

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

(410650) 2008 SQ1. No lightcurve was shown in Paper 1 for this
Amor since the period appeared to be “long” but indeterminate.
After correcting the comparison star magnitudes in the Schmidt
data taken 2008 Oct-Nov, we found that a single-mode solution of
about 23% hours is possibly valid. We thus show here the double-
mode fit at twice this period, which is merely tentative. The
phased plot shows the original 414 data-points averaged into 220
three-image 10-minute bins. The RMS scatter is 0.048 mag. As we
noted in Paper 1, periods of several hundred hours are not
formally excluded, but the data are simply inadequate to infer
anything with certainty.
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(410777) 2009 FD. We got only a single six-hour run of Schmidt
data for this Apollo on 2009 Mar 24. A notional phased lightcurve
is shown, which resembles the one published by Carbognani
(2011). The morphology is peculiar, and we are skeptical of our
results since the derived period is the same as the length of the
dataset. Notice the large uncertainty on the period determination.
The RMS scatter on the fit is 0.06 mag.
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(416801) 2005 GC120. After getting three nights of data in 2010
Dec it became clear that this 1-km Apollo is a tumbler with a non-
repeating lightcurve. Analysis was hampered by the rapid change
in phase-angle.

By way of example we show a raw plot of the first night below.
The complete dataset comprises 800 exposures of 12 and 20
seconds using the Schmidt, covering in total about 12 hours on
target.
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(446791) 1998 SJ70. This is a 1-km Apollo. By correcting the
comparison stars in the 2008 Sep-Oct Schmidt data more closely
to Sloan r’, we no longer need to make large zero-point
adjustments to the separate nightly fragments to make them fit, as
was done in Paper 1. Even so, due to insufficient phase coverage
and likely weakly tumbling state (Pravec et al. 2014), the
periodicity is poorly expressed, and we give a solution similar to
the previous one. The RMS scatter on the fit is large, 0.09 mag,
caused by the incomplete phase coverage and necessarily low-
order fit.
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(453778) 2011 JK. By tracking the 1.1-m telescope at half the
ephemeris motion of this Amor, we got good results on two nights
in 2019 June using 90-second exposures. The short-period,
modest-amplitude lightcurve shows relatively subtle asymmetry.
The RMS scatter on the fit is 0.011 mag.
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(488515) 2001 FE90. This 200-meter Apollo is a LONEOS
discovery; it was observed by three groups during its close
passage in 2009 Jun: Hicks et al. (2009), Oey (2011), and
ourselves in Paper 2. We obtained Schmidt data on five nights, but
only on the last was coverage dense enough and the cadence
sufficiently fast (4-second exposures) to capture the rapid, large-
amplitude variation. The value for the phase-function coefficient
G (0.43) was adopted from Hicks et al., as reported in the LCDB.
The resulting lightcurve is very smooth, which was calibrated
mainly against SkyMapper (Wolf et al., 2018) reference stars. The
RMS scatter on the order-6 fit is 0.025 mag. On the earlier nights
the phase angle was as high as 103° (2009 Jun 21), and the
amplitude implied by the fragmentary lightcurve was well over
two magnitudes. Data from all the nights is included in the
ALCDEF file.
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(503941) 2003 UV11. Warner (2018a) obtained a period of 18.25
hours for this 250-meter Apollo. Our two half-nights from 2010
Oct were thus insufficient to get more than a hint of the period.
We show a raw plot of the series below, which was done using 60-
second exposures on the Schmidt.
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(504025) 2005 RQ6. We obtained two groups of data for this
Amor in 2009 Oct using the Schmidt and the 0.7-m telescope. The
Schmidt data cover seven of eight consecutive nights and provide
an accurate period determination. This period was imposed on the
two overlapping nights of 0.7-m data, which has incomplete
rotational phase coverage, shown in the second plot. The RMS
scatter on the fitted curves is 0.025 and 0.023 mag, respectively.
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(518638) 2008 JP14. We observed this half-kilometer Apollo
shortly after its discovery by the Catalina survey in 2008 May.
The two nights of 1.1-m telescope data have an unfortunate eight-
day gap, so there is some half- or whole-rotation ambiguity in the
period determination, with the aliases separated by ~0.03-hour
increments from the period shown in the phased plot. The original
294 data-points are binned here into 150 two-image 5-minute
averages. The RMS scatter on the fit is 0.023 mag.
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(524522) 2002 VE68. This PHA Aten is a known tumbler with
characteristic cycle-length of about 13.5 hours (Pravec 2002web).
Although the tumbling aspect of the lightcurve is certain, the two
periods involved are not. Our four nights in 2010 Oct with the
LONEOS Schmidt are far from adequate to derive this. Thus we
show only the rough solution simply to exhibit what we have.
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(528159) 2008 HS3. Our three nights using the 1.1-m telescope in
2008 May-Jun gave us only part of the fairly long, large-amplitude
lightcurve. A rough double-mode solution is shown, suggesting a
period in the 10.7-hour range. The RMS scatter is 0.05 mag.
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(529668) 2010 JL33. Radar observations of this 2-km Apollo were
acquired on the same nights we took photometry in 2010 Dec (cf.
Agle 2011). Blaauw et al. (2011) obtained a lightcurve about two
weeks afterward. We used the LONEOS Schmidt with 4-second
exposures to get about 750 data-points over three nights. Our
period is slightly longer than that derived by Blaauw et al.; the
data were taken at much higher phase-angle, so the amplitude is
larger as well. The RMS scatter on the fitted curve is 0.015 mag.
We omit data for Dec 10 (phase angle 76°) since the slope in the
data in much steeper than the later nights (larger amplitude
implied).
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2004 XK3. Observations of this small (~40-meter) Apollo were
described in Paper 1, apparently a unique dataset, but no period
was determined. Adjustment of the comparison stars on the 7-hour
run of l-minute Schmidt exposures allows a tentative rapid
rotation to be found. The data were taken on a cirrus-y night, so
the period is suggestive only, though two of the three ‘sessions’
also show the 0.48-h period. The RMS scatter is 0.07 mag, making
the lightcurve of barely 3-sigma significance.
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2007 RU17. Three nights of relative sparse data using the 0.7-m
telescope yielded only limits on the variation of this Apollo. The
raw plot indicates either long period and/or small amplitude with
RMS scatter of roughly 0.03 mag.
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2008 JT35. This 200-meter Amor has not been observed since the
discovery apparition. We obtained two nights of photometry in
2008 Jun using the 1.1-m telescope, totaling about 9 hours on the
target with 260 unfiltered 75-second exposures.
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The lightcurve is somewhat complex, featuring broad, double-
peaked maxima. The RMS scatter on the fit is 0.020 mag.

2008 QS11. Our presentation of data for this Apollo in Paper 1
was erroneous due to inconsistent comparison star photometry.
The ~47-hour period we showed there is invalid. A previously
unreduced night of LONEOS Schmidt data was recovered and is
now included. The SkyMapper catalogue (Wolf et al., 2018) was
used to establish a stable photometric zero-point for this series
while the asteroid was well south of —30° Dec, and for the many
bright (mag 10-12) comp stars adopted. Although the period must
be fairly long, we remain uncertain of the revised results because
of gaps in observing. The phased plot shows our best guess, but it
is only a notional fit. Many of the exposures were only 10 or 12
seconds in order to reduce trailing. For clarity, the phased plot
shows the original 1443 data-points binned into 295 five-image
10-minute averages. The resulting RMS scatter is 0.019 mag.
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2008 SA. This quite small Apollo (H = 25, roughly 25 meters
diameter) was followed astrometrically for only four days in 2008
and has not been seen since. We got a 5-hour run of 45-second
exposures with the LONEOS Schmidt on the night after discovery,
evidently the only such data.
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In Paper 1 we showed a raw plot of most of the data, but found no
rotation period. The small size allows rather fast periods, and
indeed we now find a weakly defined cycle of about 0.13 hours
(about 8 minutes). The phased plot now shows all the data. The
RMS scatter is 0.07 mag compared to the full amplitude of just
0.13 mag, thus under 2-sigma significance. However, most of the
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separate ‘sessions’ also show periods near 0.13 hours. This is in
the middle range of known periods for asteroids of this size. The
exposures were roughly 10% of the cycle length, so lightcurve
features are smoothed over and the apparent amplitude is reduced.

2008 SE. We observed this Amor on two nights in 2008 Oct using
the LONEOS Schmidt and 3-minute exposures. Adjusting the
comparison stars did not improve the results compared to Paper 1.
We thus show essentially the same lightcurve as before; the
approximate period is only roughly similar (and inferior) to those
by Warner (2009, 4.57 h) and Statler et al. (2013, 4.44 h), who
both observed one month later. The RMS scatter on the fit is very
wide, 0.11 mag.
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2008 SR1. As outlined in Paper 1, we obtained only a handful of
measurements on two nights with the LONEOS Schmidt for this
Apollo asteroid, which has not been recovered. Revision of the
photometry allows the suggestion (and no more) that there could
be periodicity near 11 or 22 hours. We show a notional fit below.
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2008 WL 60. Our data from Paper 2 are the only ones available
hitherto for this Amor. Revision of the comparison stars improved
the results significantly. The new lightcurve has RMS scatter of
0.038 mag from 129 unfiltered 3-minute exposures using the
Schmidt.
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2009 DO111. We reported a rough but correct lightcurve for this
rapidly-rotating 80-m Apollo in Paper 2. The first two nights of
observation with the LONEOS Schmidt were done with 50- and
30-second exposures, and so the lightcurve is smeared out and has
reduced amplitude over the 3-minute rotation period. On the final
night we took 15- and 16-second exposures, which captured the
morphology more clearly, but we simply did not get enough data-
points. The fits on the two phased lightcurves have RMS scatter of
0.032 and 0.024 mag. The excellent lightcurve by Adrian Galad at
Modra (Vaduvescu et al., 2017) from 2009 Mar 16 is greatly
preferred.
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2009 JM2. The 2009 May lightcurve we showed in Paper 2 from
Schmidt data exhibited little variation for this Apollo. After
adjusting the comparison stars carefully, it seems clear the period
is at least many tens of hours, but our data are insufficient to get a
convincing solution. We show a fit to a local minimum in the
period spectrum, but this is probably wrong. The only other
minimum is near 80 h, which is the total length of the time series,
and thus also suspect.
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2009 UU1. We got only a short run of images on 2009 Oct 24
using the Schmidt for this very small (H = 24.7), fast-moving
Apollo asteroid. Ryan (2009web) previously found a period of
0.12367 h (7.4 minutes) from high-quality data taken with the
2.4-m Magdalena Ridge telescope. Forcing our much lower
quality data to this period produces a jumbled lightcurve. We
show here a double-mode fit to our revised photometry, which is
both sparse and compromised by relatively long exposures (22
seconds). This is not the half-period, but something slightly
longer, and could be significantly in error. The RMS scatter is
0.19 mag because the object was essentially disappearing in the
deep minima. Ryan’s results are surely to be preferred. We very
much appreciate Bill Ryan (priv. comm.) re-examining his
unpublished trove of archive photometry for this object, which
aided the interpretation of our results.
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2010 LF86. Linder et al. (2013) observed this Amor during the
lunation after we did late in 2010 and got the identical rotation
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period and lightcurve of very similar morphology. Our data were
taken in 2010 Nov under bright ,oonlight with the Schmidt using
45-second exposures, covering about 7 hours each night. The
RMS scatter on the fitted lightcurve is slightly over 0.05 mag,
with the brightness near the comfortable limit of the Schmidt.
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2010 RC130. This Apollo, perhaps 100 to 150 meters diameter, is
the second of the exemplar asteroids dealt with in the paper by
Harris et al. (2014) on the maximum amplitudes of lightcurve
harmonics (cf. 5404 Uemura above). In this case the asteroid is
tumbling rapidly, producing, on the face of them, wild-looking
variations, which are physically untenable because of the large
amplitudes. A pseudo-period of about 8.7 hours results from
resonances of the two shorter periods of the tumbling state. All
this, including the resolved lightcurves, is outlined in Harris et al.
The four nights of LONEOS Schmidt data that we contributed to
this work, about 1150 30- and 45-second exposures from 2010
Sep 26-29, are now adjusted closely to Sloan r’. The asteroid has
not been bright since the discovery apparition and remains
unrecovered.

2010 RF181. We got only a 5-hour run using the Schmidt for this
Apollo on the night prior to data by Vaduvescu et al. (2017). They
claimed a possible period of 4.6 hours, but our raw plot below
shows only a fraction of a normal double-mode lightcurve, so the
period must in fact be much longer, several tens of hours. The
asteroid was followed only in late 2010, and has not been
recovered since then.
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2010 SC41. This Apollo appears not to have been observed
photometrically except by us. We obtained three nights in 2010
Nov using the 1.1-m telescope and R, filter. These phase together
very nicely into a nearly symmetrical lightcurve. The RMS scatter
on the fit is 0.022 mag. Another night using the LONEOS Schmidt
was taken under cirrus and bright moonlight. These results are
poor, but they are included in the ALCDEF dataset.

T T T
2010 sC41
Period: 5.665 + 0.002 h Amp: 0.36
16.70 -

16.80 - B

2°)

: 16.90

-

N

o

=)
T

Magnitude(r) alpha(1
S
B
T

-

N

[N

o
T

17.30 B
Year: 2010
% 1503 - 11112
17.40 - | 1504 - 11113

v 1515 - 11/15|
JDo(LTC): 2455512.868719

— 5th Order
L I I L I I I I I I I
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

2010 TCSS. Statler et al. (2013) observed this 300-meter Amor for
about 4 hours on one night in 2010 Oct. Their rotation period is
similar to ours from two nights of Schmidt data taken ten days
later, and agrees within our mutual uncertainties. We show the
phased lightcurve with the original 566 data-points binned into
three-image 4-minute averages. The RMS scatter on the fit (0.042
mag) is fairly noisy compared to the modest lightcurve amplitude.
The asteroid has not been brighter than V = 23 since 2010, so has
not been recovered.
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2010 TUS. This is another unrecovered Apollo, which has not
been seen since 2011 Jul. We followed it over three nights using
the Schmidt in 2011 May. The phase-angle was quite high, which
explains the large lightcurve amplitude. The 829 original 45-
second exposures are shown below binned into 282 three-image 5-
minute averages. The RMS scatter on the fit is 0.037 mag.

T T T T T

2010 TUS
16.30 Period: 8.830 £ 0.002 h Amp: 1.09
16.401-
16.501-
16.60 |-

& 16.70

e

5 16.801-

'S 16.90

©

< 17.00

2

3 1710

E 17.20}

g

S 17.30
17.40
17.501-
17.601- »*

Year: 2011
% 1207 - 05/04]
A 1210-05/05
17.70- v 1211-05/06

JDo(LTC): 2455685.836769 | 9th Order
1 L 1 L L 1 L Il L L 1
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

2010 TX168. This Apollo lacks previous study in the LCDB. We
obtained two nights of data, extending over 9 hours each, using the
Schmidt in 2010 Nov. The results are noisy compared to the small
amplitude. Averaging images by threes within a 5-minute interval
we get the lightcurve shown below, which we regard with some
uncertainty (shy of 3-sigma significance). The RMS scatter on the
fit is 0.034 mag.
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2010 UX6. This small (~80-meter) Apollo has only a 100-day
orbital arc from the discovery apparition. We used the Schmidt on
two nights in 2010 Nov, a week following discovery at La Sagra,
to give what appears to be a partial lightcurve. We show a notional
fit to the data. A simple order-2 fit gives a rough double-mode
lightcurve with half this period, so the period shown below is
possibly more nearly correct, but it could be completely wrong.
Since it is fairly small, some tumbling is not out of the question.
The asteroid was near the faint limit of the instrument, so the data
are quite noisy, with RMS scatter of 0.06 mag.
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2011 AL37.0n 2011 Jan 26 we used the LONEOS Schmidt to get
a 3%-hour series of 4-second exposures on this very small
(H = 24.3), fast-moving Apollo. The object was approaching
Earth, moving at ~45°/day, and gradually brightened during the
run. The photometry from fourteen separate pointings (and groups
of comparison stars) link together very well and produce a clean
lightcurve that shows no indication of tumbling or change in
amplitude. The RMS scatter on the fitted lightcurve is 0.022 mag.
These are the only lightcurve data for this asteroid, which has not
been recovered since 2011.
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2011 HP. This ~150-meter Apollo passed close to Earth in 2011
May-Jun. It was observed by Hicks et al. (2011) and ourselves
within a few days of each other. We obtained two 7-hour runs
using 20- and 30-second exposures with the Schmidt. The
lightcurve is fairly smooth and undistinguished in morphology.
The RMS scatter on the fit is 0.039 mag.
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Incidental photometry

The following table summarizes single- or few-night photometry
where the data were insufficient to derive any useful results. The
date shown is either the sole or the first date of observation. This
is followed by an approximate mean Sloan r” magnitude and the
number of useful observations we took. The individual
observations are submitted to the ALCDEF database.

UT date r' obs
2009-05-13 17.36 35
2009-04-02 17.09 21
2010-12-11 16.8 82
2009-06-18 17. 22

Num Name

5693 1993 EA
8566 1996 EN
14223 1999 XM169
16834 1997 wWU22

22753 1998 WT 2009-01-30 17.2 20

66146 1998 TU3 2008-10-22 15.0 4

85774 1998 UT18 2008-11-20 16.9 10
137805 1999 YK5 2008-11-24 17.1 5
146134 2000 SE1 2010-07-15 18.1 52
162173 Ryugu 2008-04-13 18.7 31
163758 2003 0S13 2009-06-18 17.5 14
171576 1999 VP11 2008-10-26 17.0 6
190135 2005 QE30 2008-09-24 17.9 7
190491 2000 FJ10 2008-10-01 16.8 44
203217 2001 FX9 2009-01-28 17.42 13
212546 2006 SV19 2009-06-21 17.8 24

250697 2005 QY151
259585 2003 UG220
284114 2005 TZz51
306769 2001 BX2
309214 2007 LL
348314 2005 BC
354713 2005 SG19
366366 2009 PR9
414586 2009 UV18
435548 2008 QT3
450293 2004 LV3

2010-11-16 17.02 132
2008-02-01 19.65 29
2008-09-24 17.76 8
2010-10-14 16.5 50
2008-07-10 19.3 49
2009-01-16 16.40 12
2009-03-29 16.68 11
2010-12-08 17.33 287
2009-11-22 16.2 152
2009-01-16 16.6 32
2009-01-01 15.85 17

484795 2009 DE47 2009-04-20 17.0 17
2008 JJ 2008-05-17 18.6 47
2009 EP2 2009-03-16 15.9 10
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Number Name 20yy mm/dd Phase Leag Bras Period(h) P.E. Amp AE. Grp
985 Rosina 19 05/30-05/31 22.3,22.3 17 -2 3.015 0.002 0.18 0.01 MC
1090 Sumida 19 06/19-06/20 19.6,19.7 230 17 2.7186 0.0007 0.14 0.01 PHO
1293 Sonija 10 04/24-04/26 11,4,11.9 354 -4 2.8761 0.0014 0.18 0.01 MC
1387 Kama 10 12/09-12/11 17.6,17.8 353 3 50.1 0.1 0.37 0.01 MB-O
1468 Zomba 19 04/15-04/18 10.7,9.7 219 -13 2.7727 0.0004 0.36 0.01 MC
1865 Cerberus 08 09/30-10/09 18.6,10.6 24 8 6.8044 0.0005 1.65 0.03 NEA
1865 Cerberus 08 10/22-10/29 9.5,17.4 4 6.8037 0.0007 1.67 0.05 NEA
1865 Cerberus 08 11/04-11/07 24.6,28.0 18 1 6.8013 0.0018 1.99 0.05 NEA
1943 Anteros 09 06/18-07/01 55.4,50.7 324 12 2.87 0.01 0.14 0.03 NEA
2212 Hephaistos 10 09/15-09/15 18.2 84 9 NEA
2281 Biela 10 12/09-12/10 4.4,4.9 69 -1 54. 10. 0.10 0.05 MB-O
2525 0O’ Steen 19 05/14-05/15 17.1,16.9 288 -1 3.569 0.003 0.16 0.01 MB-O
2585 Irpedina 10 12/09-12/10 .8,.5 121 -3 MB-0
2629 Rudra 10 10/13-10/15 17.5,17.2 29 24 0. 0.05 MC
2744 Birgitta 10 10/10-10/11 15.2,14.8 29 11 8.990 0.005 0.17 0.01 MC
3040 Kozai 19 03/09-03/23 .5,25.6 155 28 4.5129 0.0003 0.31 0.01 MC
3073 Kursk 08 04/12-04/15 12.9,11.7 229 2 3.446 0.002 0.21 0.01 MB-O
3086 Kalbaugh 19 03/30-03/31 17.8,18.0 182 -26 5.177 0.002 0.84 0.01 H
3552 Don Quixote 09 11/17-01/16 41.1,27.0 0 17 6.6605 0.0002 1.24 0.03 CEN
3552 Don Quixote 18 08/30-09/11 32.2,28.9 39 22 6.6625 0.0005 0.45 0.03 CEN
3554 Amun 09 03/17-03/29 48.2,50.1 139 13 2.5298 0.0003 0.19 0.01 NEA
3554 Amun 11 03/13-03/15 46.5,45.0 179 2.5308 0.0004 0.16 0.01 NEA
3671 Dionysus 10 04/07-04/08 19.8,.1 191 22 2.705 0.001 0.09 0.03 NEA
3672 Stevedberg 14 08/25-09/13 12.3,2.7 350 -4 2.7784 0.0002 0.17 0.02 FLO
3838 Epona 10 11/30-11/30 15.9 32 5 2.40 0.03 0.06 0.01 NEA
3875 Staehle 11 04/27-05/12 10.4,16.7 198 8 78.72 0.02 1.69 0.03 FLO
4179 Toutatis 08 09/05-02/19 *31.8,17.3 NEA
4205 David Hughes 10 12/11-01/06 26.7,10.6 115 -4 MC
4894 Ask 11 04/13-04/14 5.5,6.0 193 -3 3.640 0.004 0.17 0.02 FLO
5011 Ptah 09 04/18-04/23 65.5,59.8 162 -1 56.3 0.4 2.0 0.2 NEA
5253 Fredclifford 10 11/18-11/18 30.9 99 10 3.05 0.01 0.17 0.02 MC
5253 Fredclifford 10 12/07-12/10 26.4,25.7 104 18 3.0530 0.0005 0.07 0.01 MC
5261 Eureka 11 11/30-12/01 5.4,6.3 62 1 MC
5404 Uemura MB-0
5604 1992 FE 09 03/27-04/22 18.1,33.2 186 -12 5.34 0.01 0.15 0.01 NEA
5620 Jasonwheeler 09 06/18-06/23 25.3,26.4 256 16 5.3066 0.0004 1.22 0.02 NEA
5869 Tanith 10 11/05-11/13 17.1,12.4 58 -3 17.519 0.002 0.37 0.01 NEA
5945 Roachapproach 14 11/13-11/20 4.5,8.2 43 3 5.605 0.003 0.19 0.01 FLO
5945 Roachapproach 17 09/11-09/15 8.5,10.6 337 -5 5.6047 0.0005 0.38 0.01 FLO
5945 Roachapproach 19 03/26-03/31 6,21.4 132 5 5.602 0.001 0.34 0.01 FLO
5999 Plescia 10 12/11-12/11 29.5 117 19 5.39 0.01 0.98 0.03 MC
5999 Plescia 11 01/13-01/14 25.7 126 30 5.3929 0.0011 0.73 0.01 MC
6012 Williammurdoch 11 04/30-05/01 6.1,6.2 215 11 2.890 0.004 0.18 0.02 MB-O
6239 Minos 10 09/05-09/05 4.9 345 -0 3.67 0.02 0.08 0.01 NEA
6455 1992 HE 12 04/01-04/02 15.7,15.6 190 2.7361 0.0012 0.09 0.01 NEA
7267 Victormeen 19 05/02-05/15 13.5,17.3 211 - 3.041 0.001 0.21 0.03 MC
7965 Katsuhiko 19 04/14-04/28 27.8,30.9 160 -23 5.3902 0.0002 0.40 0.01 PHO
8444 Popovich 10 11/02-11/27 1.9,15.7 39 2 54.778 0.004 1.28 0.02 MC
9564 Jeffwynn 19 06/16-06/18 26.7,26.9 268 35 3.036 0.001 0.11 0.01 MC

12538 1998 OH 19 05/26-05/26 78.4 198 23 2.575 0.004 0.28 0.01 NEA

12538 1998 OH 19 06/01-06/01 71.5 8 29 2.585 0.004 0.23 0.23 NEA

14402 1991 DB 09 03/17-03/19 47.7,52.0 194 25 2.262 0.006 0.11 0.03 NEA

14402 1991 DB 09 03/27-04/02 65.9,72.4 212 36 2.266 0.002 0.17 0.03 NEA

15700 1987 QD 10 07/15-07/15 38.0 335 27 3.06 0.01 0.19 0.02 MC

15700 1987 QD 10 09/13-09/14 15.4,15.4 346 6 3.062 0.002 0.08 0.01 MC

19402 1998 EG1l4 10 11/06-11/10 6.5,4.9 49 -5 2.825 0.001 0.12 0.02 MC

20691 1999 vy72 10 12/07-12/08 13.0,12.8 78 =19 2.698 0.002 0.12 0.01 MC

20936 Nemrut Dagi 11 01/13-01/14 17.6,17.5 1 27 3.283 0.007 0.09 0.01 H

20936 Nemrut Dagi 11 02/08-02/09 18.8,19.1 121 26 3.285 0.004 0.10 0.02 H

20936 Nemrut Dagi 19 04/11-04/14 4.1,5.4 196 4 3.274 0.003 0.06 0.01 H

21104 Sveshnikov 10 10/10-10/15 27.5,29.1 344 23 2.8406 0.0003 0.25 0.01 MC

22262 1980 PZ2 19 04/20-05/02 15.3,.7 0 -19 34.47 0.03 0.28 0.01 PHO

23183 2000 oy21 11 01/28-01/30 24.6,24.8 137 22 6.9809 0.0005 0.76 0.02 NEA

24029 1999 RT198 10 11/06-11/10 18.9,18.4 58 -19 5.4911 0.0007 0.70 0.02 MC

24029 1999 RT198 17 10/21-10/22 18.6,18.3 49 -12 5.4905 0.0012 0.82 0.01 MC

24643 MacCready 19 06/04-06/06 12.2,13,2 238 14 2.8291 0.0005 0.14 0.01 MC

26471 Tracybecker 19 03/09-03/29 15.7,16.3 177 =27 2.6868 0.0002 0.25 0.02 H

Table I. Observing circumstances and results. The phase angle is given for the first and last date. If preceded by an asterisk, the phase

angle reached an extrema during the period. Leag and Bpag are the approximate phase angle bisector longitude/latitude at mid-date range
(see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009b). CEN: Centaur, FLO: Flora, H: Hungaria, MB-O: outer main-
belt, MC: Mars-crosser, NEA: near-Earth asteroid, PHO: Phocaea,
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Number Name 20yy mm/dd Phase Leag Bras Period(h) P.E. Amp A.E. Grp
38074 1999 GX19 19 06/21-06/22 16.4,17.0 251 8 6.3811 0.0012 0.54 0.01 MC
42811 1999 JN81 19 04/01-04/03 13.0,13.6 177 -17 3.9049 0.0017 0.16 0.01 MC
42930 1999 TM11 19 04/08-04/10 22.4,22.7 190 35 3.576 0.002 0.26 0.01 PHO
52768 1998 OR2 09 01/18-02/04 33.1,35.7 153 12 4.11 0.0006 0.16 0.01 NEA
53319 1999 JM8 2008 NEA
65679 1989 UQ 10 10/08-10/10 17.8,16.0 26 -2 7.746 0.006 0.30 0.02 NEA
68134 2001 AT18 10 12/07-12/08 21.5,20.9 106 3 7.104 0.002 1.16 0.02 MC
68216 2001 Cv26 10 03/26-03/26 9.9 189 8 2.425 0.005 0.10 0.01 NEA
68216 2001 Cv26 10 04/08-04/10 16.3,16.5 189 3 2.43 0.01 0.08 0.02 NEA
68350 2001 MK3 09 01/16-02/04 36.6,26.8 151 10 3.21082 0.00012 0.18 0.01 NEA
68350 2001 MK3 09 02/19-02/19 27.3 154 26 3.21 0.01 0.11 0.02 NEA
74779 1999 RF241 10 12/07-12/08 15.9,16.4 53 -7 6.1895 0.0014 0.82 0.01 PHO
74823 1999 TD15 10 11/02-11/27 2.8,19.5 39 -7 33.446 0.008 0.22 0.02 MC
85839 1998 YO4 10 04/14-04/14 39.6 168 7 2.45 0.07 0.04 0.01 NEA
85867 1999 BY9 09 03/21-04/23 3.9,20.5 189 -2 NEA
87684 2000 sY2 08 09/07-09/07 55.4 28 -15 2.55 0.04 0.10 0.01 NEA
99913 1997 Cz5 10 10/11-10/12 42.2,42.3 82 25 2.8328 0.0009 0.19 0.01 MC
100926 1998 MQ 10 11/08-11/08 31.5 63 -12 2.33 0.01 0.06 0.01 NEA
102873 1999 WK1l 08 05/29-06/08 30.6,38.6 223 4 2.40639 0.00012 0.20 0.01 NEA
136568 1980 XB 19 01/19-01/20 26.5,26.9 105 28 2.7815 0.0005 0.29 0.01 MC
138883 2000 YL29 09 09/21-10/21 34.2,23.5 23 -15 10.592 0.001 0.30 0.03 NEA
141432 2002 CQ11 11 05/07-05/08 26.5,29.7 212 8 2.610 0.003 0.12 0.03 NEA
141498 2002 EZ16 10 11/30-12/02 44.0,37.7 80 25 5.02 0.01 0.18 0.03 NEA
143381 2003 BC21 10 08/13-08/14 14.7,14.2 337 6 5.0678 0.0011 1.20 0.03 NEA
143381 2003 BC21 10 08/31-09/07 7.2,7.7 341 8 5.0661 0.0004 1.06 0.03 NEA
143381 2003 BC21 10 09/14-09/17 11.1,13.1 343 9 5.0653 0.0003 1.05 0.03 NEA
143381 2003 BC21 10 10/10-10/11 28.7,29.4 350 10 5.068 0.002 1.24 0.03 NEA
143381 2003 BC21 10 10/27-10/27 37.9 358 11 5.07 0.01 1.35 0.03 NEA
143381 2008 BC21 10 12/08-12/08 47.3 27 8 5.07 0.01 1.43 0.03 NEA
143651 2003 Q0104 09 02/19-04/22 20.7,59.8 163 24 114. 1. 1.25 0.05 NEA
152558 1990 SA 10 08/31-09/01 30.2,28.3 350 8.147 0.009 0.14 0.01 NEA
152952 2000 GC2 10 09/11-09/16 37.8,34.6 15 4.179 0.002 0.14 0.03 NEA
153814 2001 WN5 10 10/13-10/14 64.9,62.0 344 12 4.253 0.001 0.63 0.03 NEA
153814 2001 WN5 10 10/26-10/26 38.1 9 8 4.254 0.018 0.36 0.02 NEA
154029 2002 CY4e6 10 09 NEA
154244 2002 KL6 09 06/18-06/23 43.8,50.8 296 12 4.6060 0.0004 1.04 0.03 NEA
154244 2002 KL6 09 07/01-07/13 62.5,74.5 324 15 4.6052 0.0003 1.07 0.03 NEA
154244 2002 KL6 09 09/24-09/26 35.4,33.4 31 3 4.608 0.001 1.08 0.03 NEA
154244 2002 KL6 09 10/16-10/22 12.6,6.6 35 1 4.6096 0.0006 0.65 0.03 NEA
154278 2002 TBY 08 06/06-06/09 44.0,42.6 268 49 7.85 0.01 1.02 0.02 NEA
161989 Cacus 09 02/19-02/19 50.9 187 0 3.75 0.01 1.1 0.1 NEA
162385 2000 BM19 09 01/28-02/04 7.9,76.9 160 37 9.463 0.004 1.34 0.03 NEA
162900 2001 HG31 2008-2009 NEA
163000 2001 sSwle9 08 09/06-10/02 *9.4,20.4 350 -3 80.2 0.2 0.39 0.05 NEA
164716 1998 GH 10 11/02-11/02 2.1 38 2 2.66 0.02 0.10 0.02 H

174599 2003 QM70 10 10/31-11/01 14.4,14.8 32 17 32.1 0.6 0.21 0.02 MC
175706 1996 FG3 09 03/25-04/22 *10.5,46.7 188 -7 3.584 0.001 0.15 0.03 NEA
184990 2006 KE89 08 05/28-05/29 34.7,35.0 223 45 5.16 0.04 0.12 0.03 NEA
185851 2000 DP107 08 09/22-09/23 44.2,41.3 24 4 2.774 0.004 0.17 0.01 NEA
185854 2000 EU106 08 09/22-09/23 12.9,12,2 15 6 3.5 0.1 0.53 0.04 MC
188452 2004 HE62 08 09/07-09/07 60.5 326 43 5.36 0.15 1.15 0.01 NEA
194386 2001 VG5 09 06/15-06/22 11.5,15.9 255 6 6.351 0.003 0.77 0.03 NEA
207945 1991 Jw 09 04/18-05/17 *32.6,19.0 226 11 3.1499 0.0002 0.17 0.02 NEA
208023 1999 AQ10 09 01/30-02/04 39.3,37.6 152 10 6.28 0.01 0.17 0.02 NEA
219071 1997 US9 10 11/01-11/02 17.9,17.3 50 -10 3.319 0.003 0.14 0.02 NEA
220124 2002 TE66 10 04/07-04/09 35.3,38.3 194 25 3.89 0.01 0.16 0.03 NEA
242211 2003 QB90 10 09/03-09/14 40.8,36.1 15 -9 NEA
242643 2005 Nz6 08 05/18-05/18 66.1 187 -0 NEA
248818 2006 52217 08 12/01-12/07 19.2,25.4 72 =17 3.59 0.01 0.11 0.01 NEA
256412 2007 BT2 09 03/27-04/22 35.7,27.6 188 21 NEA
260141 2004 QT24 11 04/13-04/14 74.2,72.5 169 31 7.660 0.004 0.77 0.03 NEA
277039 2005 CF41l 08 05/26-05/27 57.0,58.5 250 43 16.2 0.2 0.30 0.01 NEA
305090 2007 vQ4 08 05/12-05/12 35.2 198 21 2.69 0.02 0.14 0.02 NEA
305090 2007 vQ4 08 06/06-06/06 34.5 210 9 2.61 0.05 0.13 0.02 NEA
325769 2010 LY63 10 09/30-10/13 35.3,36.0 351 14 NEA
341843 2008 EV5 08 12/29-12/29 31.5 109 12 3.68 0.06 0.03 0.01 NEA
341843 2008 EV5 09 01/01-01/01 33.9 106 17 3.71 0.06 0.05 0.01 NEA

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

range (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009b).
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Number Name 20yy mm/dd Phase Leag  Bras Period(h) P.E. Amp A.E. Grp
345705 2006 VB14 2008 12/01-12/07 53.6,47.5 104 2 3.20 0.01 0.52 0.04 NEA
345705 2006 VB14 2010 11/27-11/27 51.4 93 18 3.25 0.02 0.42 0.03 NEA
367248 2007 MK13 2009 12/19-12/20 60.0,56.1 115 -17 5.285 0.003 1.46 0.03 NEA
367248 2007 MK13 2009 12/26 32.9 112 3 5.283 0.003 2.17 0.02 NEA
410650 2008 sQ1 2008 10/22-11/30 17.7,24.9 37 13 47.3 0.1 0.50 0.03 NEA
410777 2009 FD 2009 03/24-03/24 18.1 192 5 5.8 0.4 0.46 0.04 NEA
416801 2005 GC120 2010 12/02-12/02 83.8 25 -5 NEA
446791 1998 s5J70 2008 09/22-10/07 *21.5,8.3 8 -6 19.2 0.1 0.80 0.06 NEA
453778 2011 JK 2019 06/02-06/03 59.5,58.3 223 24 2.4567 0.0008 0.12 0.01 NEA
488515 2001 FE90 2009 06/29-06/29 34.1 262 9 0.47723 0.00015 1.30 0.02 NEA
503941 2003 UV1l 2010 10/13-10/14 23.4,22.8 37 -2 NEA
504025 2005 RQ6 2009 10/16-10/23 18.5,10.1 27 -9 13.2021 0.0012 0.80 0.02 NEA
504025 2005 RQ6 2009 10/21-10/22 12.8,11.5 29 -8 13.202 0.001 0.87 0.02 NEA
518638 2008 JP1l4 2008 05/30-06/07 48.3,65.2 232 34 2.488 0.001 0.08 0.01 NEA
524522 2002 VE68 2010 10/26-10/30 78.8,68.1 66 26 13.36 0.01 1.22 0.05 NEA
528159 2008 HS3 2008 05/15-06/13 50.1,54.8 234 26 10.68 0.01 0.94 0.03 NEA
529668 2010 JL33 2010 12/11-12/14 65.6,40.9 65 24 9.443 0.002 0.76 0.01 NEA
2004 XK3 2008 11/21-11/21 7.3 55 1 0.484 0.002 0.20 0.05 NEA
2007 RU17 2010 10/13-10/15 5.1,3.0 23 2 NEA
2008 JT35 2008 06/10-06/11 49.0,48.9 236 16 3.102 0.002 0.15 0.01 NEA
2008 QS11 2008 09/21-10/07 41.3,92.8 25 -17 39.0 0.1 0.19 0.02 NEA
2008 sA 2008 09/21-09/21 34.5 342 6 0.1297 0.0002 0.13 0.05 NEA
2008 SE 2008 10/07-10/09 22.2,20.9 29 8 4.7 0.1 0.84 0.07 NEA
2008 SR1 2008 09/29-09/30 15.2,16.1 2 -9 10.9 0.2 0.5 0.1 NEA
2008 WL60O 2009 04/18-04/23 4.9,5.8 16 -11 2.6076 0.0008 0.25 0.02 NEA
2009 DO111 2009 03/16-03/17 15.6,14.9 177 8 0.048885 0.000002 0.35 0.03 NEA
2009 DO111 2009 03/18-03/18 21.5 176 11 0.048869 0.000006 0.51 0.02 NEA
2009 JM2 2009 05/14-05/17 59.0,47.5 220 28 28.5 0.3 0.23 0.05 NEA
2009 UUlL 2009 10/24-10/24 68.6 357 8 0.06355 0.00006 2.15 0.20 NEA
2010 LF86 2010 11/15-11/16 29.8,30.1 31 17 4.445 0.003 0.40 0.03 NEA
2010 RC130 2010 09/26-09/29 30.1,24.1 351 8 NEA
2010 RF181 2010 11/19-11/19 56.6 81 17 NEA
2010 sc41 2010 11/12-11/15 1.5,2.3 51 0 5.665 0.002 0.36 0.01 NEA
2010 TC55 2010 10/30-10/31 13.7,12.2 33 7 2.408 0.003 0.14 0.03 NEA
2010 TUS 2011 05/04-05/06 75.4,67.3 234 41 8.830 0.002 1.09 0.03 NEA
2010 TX168 2010 11/03-11/04 21.3,25.2 31 12 8.38 0.07 0.09 0.02 NEA
2010 UX6 2010 11/06-11/07 14.2,12.3 36 -1 15.34 0.06 0.51 0.04 NEA
2011 AL37 2011 01/26-01/26 28.9 140 4 0.109261 0.000006 0.37 0.01 NEA
2011 HP 2011 05/25-05/26 20.7,24.3 244 12 3.942 0.002 0.33 0.02 NEA

Table | (continued). 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 i given for the first and last date. If preceded by an
asterisk, the phase angle reached an extrema during the period. Leag and Beag are the approximate phase angle bisector longitude/latitude
at mid-date range (see Harris et al., 1984). Grp is the asteroid family/group (Warner et al., 2009b).
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Photometric observations of three main-belt asteroids
were made in order to acquire lightcurves. The synodic
period and light curve amplitude were found for:
3653 Klimishin 6.783 + 0.001 h, 0.21 mag;
4748 Tokiwagozen 39.78 + 0.01 h, 0.42 mag,;
9951 Tyrannosaurus 3.767 + 0.004 h, 0.21 mag.
Asteroid 4748’s lightcurve shows a few interesting
features which suggest the opportunity of further
observations in order to verify a possible “tumbling”
nature.

Collaborative asteroid photometry was made in the second quarter
of 2019. The targets were selected in order to acquire lightcurves
for determining their rotational period. The CCD observations
were performed in April-June 2019 using the instrumentation
described in the Table I. Lightcurve analysis was done with MPO
Canopus (BDW Publishing, 2018). All the images were calibrated
with dark and flat frames and converted to R magnitudes using
solar colored field stars from CMC15 catalogue, distributed with
MPO Canopus. Table II shows the observing circumstances and
results.

3653 Klimishin is a main belt asteroid discovered on April 25
1979, by N. Chernykh, at Nauchnyj. Collaborative observations
were made over six nights. We found a synodic period of P =
6.783 £ 0.001 h with an amplitude 4 = 0.21 £ 0.02 mag.
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4478 Tokiwagozen is a main-belt asteroid discovered on
November 20 1989, by Suzuki and Urata at Toyota. Collaborative
observations were made over fifteen nights. The folded lightcurve
was very tough to fold using the MPO’s tools. We found a synodic
rotation period of P =39.78 + 0.01 h with an amplitude 4 = 0.42 +
0.06 mag. The lightcurve shows some phase and amplitude
variations that could indicate a tumbling nature of the asteroid.
A dual period search shows a possible secondary period close to
46 h.

Observatory (MPC code) Telescope CCD Filter  Observed Asteroids
DSFTA Observatory (K54) 0.30-m MCT £/5.6 SBIG STL-6303e Rc, C 3653, 4748, 9951
WBRO (K49) 0.23-m SCT £/10 SBIG ST8-XME Rc,C 3653, 4748, 9951
Znith 0.20-m SCT £/10 Moravian G2-1600 C 4748

Flarestar (171) 0.25-m SCT £/10 Moravian G2-1600 C 4748

Table |. Observing Instrumentations. MCT: Maksutov-Cassegrain, SCT: Schmidt-Cassegrain.

Number Name 2019 mm/dd Phase Leag Bras Period(h) P.E. Amp A.E. Grp
3653 Klimishin 04/05-05/01 *4.3,11.0 202 3 6.783 0.001 0.21 0.025 FLOR
4748 Tokiwagozen 05/06-06/08 6.6,11.9 232 11 39.78 0.01 0.42 0.06 MB-O
9951 Tyrannosaurus 06/01-06/04 11.3,12.6 233 10 3.767 0.004 0.21 0.06 V

Table Il. 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).
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9951 Tyrannosaurus was discovered on November 15 1990 by E.
W. Elst at the European Southern Observatory. Collaborative
observations were performed over three nights. We found a
synodic rotation period of P = 3.767 + 0.004 h with an amplitude
A=0.21+0.06 mag.
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Results are given on lightcurve and synodic rotation
period determinations for seven asteroids from data
collected at Sopot Astronomical Observatory between
2019 April to July.

Photometric observations of seven asteroids were conducted at
Sopot Astronomical Observatory (SAO) from 2019 April to July
in order to determine their synodic rotation periods. For this
purpose, two 0.35-m f/6.3 Meade LX200GPS Schmidt-Cassegrain
telescopes were used. The telescopes are equipped with an SBIG
ST-8 XME and an 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, images were corrected using dark and flat field
frames.

Photometric reduction, lightcurve construction, and period
analysis were done 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, 2019) Sloan r” magnitudes using the formula:
R = 1" — 0.22. In some instances, small zero point adjustments
were necessary to achieve the best match between individual data
sets in terms of minimum RMS residual of a Fourier fit.

Table I gives the observing circumstances and results.

Some of the targets presented in this paper were observed within
the Photometric Survey for Asynchronous Binary Asteroids
(BinAstPhot Survey) under the leadership of Petr Pravec from
Ondfejov Observatory, Czech Republic.

2460 Mitlincoln. Analysis of the photometric data collected at
SAO from 2019 April 16-21 indicates a bimodal period of
P =3.0068 + 0.0007 h as the most plausible solution. Previous
period results (Warner, 2011; 2.667 h) and Kryszczynska et al.
(2012; 2.8277 h) produced significantly worse fits using the latest
combined data set. The period result shown here is in a very good
agreement with that obtained by Behrend (2004), 3.009 h.
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2937 Gibbs. Behrend (2005) and Stephens (2017) found synodic
rotation periods for this Mars-crossing asteroid of 3.06153 h and
3.189 h, respectively. Period analysis conducted upon the SAO
photometric data obtained over four nights from 2019 June 30-
July 4 shows P =2.9820 + 0.0004 h as a more likely solution.
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Number Name 2019/mm/dd Phase Lpas Bras Period (h) P.E. Amp AE. Grp
2460 Mitlincoln 04/16-04/21 28.0,28.5 147 -1 3.0068 0.0007 0.12 0.02 FLOR
2937 Gibbs 06/30-07/04 35.5,35.3 329 22 2.9820 0.0004 0.49 0.01 MC
3315 Chant 06/06-07/01 6.6,13.1 254 12 13.463 0.002 0.38 0.01 MB-M
9564 Jeffwynn 06/13-07/06 26.5,29.0 270 36 3.0346 0.0002 0.14 0.03 MC

10422 1999 AN22 04/25-06/10 *7.9,16.0 227 8 35.2 0.1 >0.47 MB-0

10524 Maniewski 04/04-04/08 *3.1,2.3 198 4 5.201 0.003 0.19 0.02 FLOR

12538 1998 OH 06/06-06/15 66.1,63.6 220 33 2.5814 0.0005 0.21 0.02 NEA

Table I. Observing circumstances and results. Phase is the solar phase angle at the start and end of 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): FLOR: Flora, MB-M/O: main-belt middle/outer, MC: Mars-crosser, NEA: near-Earth asteroid.
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3315 Chant was a BinAstPhot Survey program target observed
exclusively at SAO on eight nights from 2019 June 6-July 1.
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Period analysis found an unequivocal bimodal solution for a
rotation period of 13.463 £ 0.002 h that is associated with a large
amplitude (0.38 mag) lightcurve. This result is somewhat different
from the previous results but with significant errors: Chang et al.
(2015; 13.71 £ 0.200 h) and Waszczak et al. (2015, 13.749 +
0.2458 h). An uncertainty flag of U = 2 has been assigned in the
asteroid lightcurve database (LCDB; Warner et al., 2009) to both
the earlier results.

9564 Jeffwynn. Warner (2013) determined a value of 3.035 h for
the rotation period of this Mars-crosser. A newly found rotation
period, P = 3.0346 + 0.0002 h, derived from the six data sets
obtained at SAO in 2019 June and July fully confirms the result
found by Warner.
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(10422) 1999 AN22 was another BinAstPhot target with no
previously known rotation period. After the first few data sets
were obtained, it became clear that this asteroid is a slow rotator.
Observations were made over a six week period starting in late
2019 April. A total of seven independent data sets was obtained.
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After a slow rotation has been determined, the strategy of taking
several groups of multiple exposures with longer time intervals
between them was applied in some cases in order to save valuable
observing time for other priority targets. Although the full rotation
cycle is not fully covered, given the large amplitude (> 0.47 mag)
at a low phase angle, it is almost certain that the correct solution is
a bimodal lightcurve with a period of 35.2 h (Harris et al., 2014).

10524 Maniewski. A search of records shows no previous
lightcurves for this Flora family asteroid. Period analysis of the
dense photometric data taken on four nights in 2019 April led to a
highly reliable solution of P =5.201 + 0.003 h.
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(12538) 1998 OH. Several previously reported synodic rotation
periods were found in the LCDB for this near-Earth asteroid.
Almost all the results were either a period of 2.6 h or the double
period of about 5.2 h (e.g. Warner 2017, 5.154 h; Lozano et al.
2017, 5.088 h; and Vaduvescu et al. 2017, 2.582 h). The only
notable exception is the value originally determined by Warner
(2015) of 5.833 h.
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(12538) 1998 OH
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An analysis using the photometric observations carried out at SAO
over three nights in 2019 June favors of the shorter periods,
finding P = 2.5814 + 0.0005 h with a monomodal lightcurve. The
double period is associated with the bimodal lightcurve that
produced identical halves when using the “split-halves” method in
MPO Canopus; it was ruled out as a spurious solution. The shoter
period solution shown here is in very good agreement with that
recently found by Warner (2019) of 2.5804 h.
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We present lists of asteroid photometry opportunities for
objects reaching a favorable apparition and have no or
poorly-defined lightcurve parameters. Additional data
on these objects will help with shape and spin axis
modeling using lightcurve inversion. We also include
lists of objects that will or might be radar targets.
Lightcurves for these objects can help constrain pole
solutions and/or remove rotation period ambiguities that
might not come from using radar data alone.

We present several lists of asteroids that are prime targets for
photometry during the period 2019 October through December.

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

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

The ephemeris generator on the CALL web site allows you to
create custom lists for objects reaching V =< 18.0 during any month
in the current year, e.g., limiting the results by magnitude and
declination.

http://www.minorplanet.info/PHP/call_OppLCDBQuery.php

We refer you to past articles, e.g., Minor Planet Bulletin 36, 188,
for more detailed discussions about the individual lists and points
of advice regarding observations for objects in each list.

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

http://www.alcdef.org
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Containing almost 3.5 million observations for more than 14760
objects, we believe this to be the largest publicly available
database of raw asteroid time-series lightcurve data.

Now that many backyard astronomers and small colleges have
access to larger telescopes, we have expanded the photometry
opportunities and spin axis lists to include asteroids reaching
V = 15.5 and brighter (sometimes 15.0 when the list has more than
100 objects.

Lightcurve/Photometry Opportunities

Objects with U = 3— or 3 are excluded from this list since they will
likely appear in the list for shape and spin axis modeling. Those
asteroids rated U = 1 should be given higher priority over those
rated U = 2 or 2+, but not necessarily over those with no period.
On the other hand, do not overlook asteroids with U = 2/2+ on the
assumption that the period is sufficiently established. Regardless,
do not let the existing period influence your analysis since even
highly-rated result have been proven wrong at times. Note that the
lightcurve amplitude in the tables could be more or less than
what’s given. Use the listing only as a guide.

An entry in bold italics is a near-Earth asteroid (NEA).

Brightest LCDB Data
Number Name Date Mag Dec Period Amp 8)
4686 Maisica 10 01.3 15.3 +9
10516 Sakurajima 10 01.5 15.2 -1
5534 1941 UN 10 01.8 14.2 +3 4.1 0.97 2
1885 Herero 10 01.9 14.8 +12 7.609 0.21-0.23 2
19719 Glasser 10 01.9 15.5 ~-11
4422 Jarre 10 02.2 13.9 -2 5.428 0.12 2
7081 Ludibunda 10 03.5 15.0 +12
5047 Zzanda 10 03.8 15.5 +5
5102 Benfranklin 10 03.9 15.4 +15
26853 1992 UQ2 10 03.9 15.3 =27 8.27 0.14 2+
7408 Yoshihide 10 04.9 15.2 +7
2517 Orma 10 05.4 15.2 +1
4940 Polenov 10 05.8 15.3 +1
8028 Joeengle 10 05.9 15.5 -2 9.1 0.35 2
6979 Shigefumi 10 06.2 14.6 +12
3055 Annapavlova 10 07.1 15.3 +10 44.626 0.41 2
6964 Kunihiko 10 09.1 15.1 +6
5565 Ukyounodaibu 10 09.4 15.0 -8
15161 2000 FQ48 10 10.1 15.3 +22 6.663 0.10 2
48540 1993 TwW8 10 11.0 15.3 +6
1882 Rauma 10 12.2 15.0 +8 25. 0.1 2
2051 Chang 10 13.7 14.7 +8
12230 1986 ON 10 16.3 15.2 +2
6485 Wendeesther 10 17.3 15.2 +32 74.82 1.00 2
8020 Erzgebirge 10 17.5 15.4 +8
6527 Takashiito 10 18.5 15.2 +18
6982 1993 UA3 10 18.8 15.3 +10 16.08 0.10 2
3295 Murakami 10 19.7 14.8 +0
16506 1990 UHL 10 19.9 15.5 -9
11230 1999 Jvs7 10 20.3 14.6 +9
2789 Foshan 10 20.7 14.9 +15
6061 1981 SQ2 10 21.3 15.3 +11
29180 1990 swWl 10 21.3 15.3 -4
10936 1998 FNI11 10 21.4 13.8 +21 25.7 0.28-0.40 2
6341 1993 UN3 10 21.8 15.5 +13
3629 Lebedinskij 10 22.3 15.1 +15 9.338 0.2 2
8141 Nikolaev 10 22.5 14.7 +15
9474 Cassadrury 10 22.9 15.3 +11
3606 Pohjola 10 25.4 14.6 +26 2.92 0.11 2
10730 White 10 25.8 15.4 +17
1673 van Houten 10 26.7 15.2 +12
10615 1997 UK3 10 26.9 15.2 +15
39197 2000 XA 10 27.1 15.4 +8 5.221 0.72 2
162082 1998 HL1 10 27.3 12.5 +17
11420 1999 KR14 10 27.4 15.2 +4
9333 Hiraimasa 10 27.5 14.8 +13
53025 1998 WD 10 27.8 15.4 +5
1944 Gunter 10 28.9 15.0 +13
47908 2000 GH72 10 29.4 15.3 +10
5827 Letunov 10 31.6 15.2 +7 0.97
3347 Konstantin 11 01.5 15.5 +11
14923 1994 TU3 11 01.6 15.3 +8 7.3 0.34 2+
3171 Wangshouguan 11 02.1 14.5 +17
10987 1967 US 11 02.8 15.2 +7
9348 1991 RH25 11 02.9 15.5 +9
768 Struveana 11 03.3 13.1 +16 8.76 0.26-0.54 2+
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(cont’d) Brightest LCDB Data
Number Name Date Mag Dec Period Amp 8)
12520 1998 HV78 11 03.3 15.3 +21
12738 Satoshimiki 11 03.3 15.4 -12 8.708 0.20-0.25 2+
2099 Opik 11 04.1 15.1 +11 6.443 0.21- 0.7 2
3024 Hainan 11 05.3 15.0 +21 11.746 0.10-0.14 2+
2516 Roman 11 07.3 15.0 +14
48433 1989 USL 11 07.5 15.5 +23
16244 Broz 11 09.9 15.5 +12
5795 Roshchina 11 10.0 15.2 +11
2569 Madeline 11 11.7 13.5 +8 0.1
13388 1999 AE6 11 11.8 15.3 +24
1057 Wanda 11 15.4 13.5 +21 28.8 0.14-0.41 2
79789 1998 VL1 11 16.0 15.5 +12
3460 Ashkova 11 16.1 15.5 +17 4.562 0.31 2
3085 Donna 11 16.8 15.3 +23
3643 Tienchanglin 11 17.9 14.7 +18
99248 2001 KY66 11 18.5 15.5 +54 19.7 0.30 2-
24417 2000 BKS 11 19.8 15.2 +25 0.49
9628 Sendaiotsuna 11 20.7 14.9 +31
3489 Lottie 11 20.9 15.5 +27
4735 Gary 11 20.9 15.1 +13
18130 2000 OKS 11 23.2 15.2 +19
5792 Unstrut 11 23.3 15.1 +12
9717 Lyudvasilia 11 23.3 15.4 +27
13007 1984 AU 11 23.4 15.4 +26
2758 Cordelia 11 25.1 15.2 +27
6945 Dahlgren 11 25.6 15.5 +35
5164 Mullo 11 25.8 15.4 +26
10426 Charlierouse 11 27.1 14.8 +1
16272 2000 JS55 11 29.7 15.4 +20
2394 Nadeev 11 30.0 14.8 +19
39525 1989 TR2 11 30.8 15.5 +28
7992 Yozan 12 01.3 15.2 +23
1359 Prieska 12 01.7 14.2 +23 0.04-0.05
14031 Rozyo 12 01.8 15.2 +14 2.901 2
53916 2000 GW7 12 02.0 15.3 +17
10707 1981 UV23 12 03.5 14.9 +25
3644 Kojitaku 12 05.4 15.0 +29
51149 2000 HF52 12 05.8 15.4 +34
13696 1998 HU43 12 07.0 15.4 +32
30963 Mount Banzan 12 08.1 15.5 +19 0.63
8323 Krimigis 12 11.0 15.1 +6
5822 Masakichi 12 11.8 15.2 +22
862 Franzia 12 17.1 13.3 +37 7.52 0.10-0.13 2
3609 Liloketai 12 17.4 14.9 +26 15.636 0.17 2
4700 Carusi 12 20.8 14.5 +26
7300 Yoshisada 12 23.1 15.3 +21
14931 1994 WR3 12 23.1 15.5 +29
18837 1999 NY62 12 23.3 15.5 +18
7097 Yatsuka 12 25.0 15.2 +24
4916 Brumberg 12 25.1 15.4 +10 6.683 0.19 2+
4421 Kayor 12 29.8 14.4 +24

Low Phase Angle Opportunities

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

http://www.minorplanet.info/PHP/call_OppLCDBQuery.php

You will have the best chance of success working objects with low
amplitude and periods that allow covering at least half a cycle
every night. Objects with large amplitudes and/or long periods are
much more difficult for phase angle studies since, for proper
analysis, the data must be reduced to the average magnitude of the
asteroid for each night. This reduction requires that you determine
the period and the amplitude of the lightcurve; for long period
objects that can be difficult. Refer to Harris et al. (1989; Icarus
81, 365-374) for the details of the analysis procedure.

As an aside, some use the maximum light to find the phase slope
parameter (G). However, this can produce a significantly different
values for both A and G versus when using average light, which is
the method used for values listed by the Minor Planet Center.

The International Astronomical Union (IAU) has adopted a new
system, H-Gy, introduced by Muinonen et al. (2010; Icarus 209,
542-555). It will be some years before H-Gj, becomes widely
used. Furthermore, it still needs refinement. That can be done
mostly by having data for more asteroids, but only if at very low
and moderate phase angles. We strongly encourage obtaining data
every degree between 0° to 7°, the non-linear part of the curve that
is due to the opposition effect. At angles a > 7°, well-calibrated
data every 2° or so out to about 25-30°, if possible, should be
sufficient. Coverage beyond about 50° is not generally helpful
since the H-G system is best defined with data from 0-30°.

Num Name Date o v Dec Period Amp 8)
5534 1941 UN 10 01.7 0.25 14.2 +03 4.10 0.97 2
533 Sara 10 04.4 0.56 13.8 +03 11.654 0.19-0.30 3
77 Frigga 10 05.6 0.34 11.3 +05 9.012 0.07-0.20 3
299 Thora 10 06.0 0.94 13.8 +07 272.9 0.37-0.50 3-
3014 Huangsushu 10 06.6 0.82 14.5 +04 15.697 0.32-0.35 3-
168 Sibylla 10 10.0 0.38 12.1 +07 47.009 0.16 3
720 Bohlinia 10 11.5 0.39 13.4 +06 8.919 0.16-0.46 3
72 Feronia 10 12.7 0.77 11.0 +09 8.097 0.11-0.15 3
33 Polyhymnia 10 14.7 0.41 10.2 +09 18.608 0.13-0.20 3
3533 Toyota 10 17.7 0.55 14.5 +08 2.981 0.16-0.20 3
26 Proserpina 10 25.5 0.48 11.1 +11 13.110 0.08-0.21 3
76 Freia 10 27.5 0.21 12.0 +12 9.973 0.05-0.33 3
1130 Skuld 10 29.0 0.05 13.5 +13 4.810 0.26-0.61 3
1102 Pepita 10 29.9 0.14 13.1 +14 5.105 0.31-0.36 3
429 Lotis 10 30.4 0.48 12.3 +15 13.577 0.21-0.24 3
3171 Wangshouguan 11 02.0 0.85 14.5 +17
768 Struveana 11 03.3 0.31 13.1 +16 8.76 0.26-0.54 2+
1961 Dufour 11 03.7 0.68 14.5 +17 15.79 0.31-0.35 3-
1343 Nicole 11 06.7 0.20 14.4 +16 14.76 0.38-0.42 3-
233 Asterope 11 09.9 0.44 11.2 +16 19.70 0.25-0.35 3
116 Sirona 11 10.0 0.54 11.6 +15 12.028 0.42 3
4288 Tokyotech 11 10.8 0.66 13.9 +19 3.181 0.19 3
1223 Neckar 11 16.4 0.34 14.0 +20 7.81 0.16-0.45 3
332 Siri 11 25.8 0.82 13.3 +23 8.007 0.10-0.35 3
10 Hygiea 11 26.5 0.96 10.3 +24 27.630 0.09-0.33 3
409 Aspasia 11 27.1 0.25 11.1 +20 9.022 0.09-0.16 3
960 Birgit 11 28.5 0.26 14.5 +22 8.85 0.28-0.28 2+
416 Vaticana 11 28.8 0.75 12.6 +24 5.372 0.06-0.38 3
596 Scheila 11 30.2 0.35 13.6 +20 15.848 0.06-0.10 3
1359 Prieska 12 01.8 0.50 14.2 +23 0.04-0.05
140 Siwa 12 05.0 0.89 12.4 +20 34.445 0.05-0.15 3
2512 Tavastia 12 08.1 0.66 14.1 +24 7.296 0.26-0.31 3
583 Klotilde 12 08.3 0.20 12.9 +23 9.214 0.17-0.30 3
1602 Indiana 12 09.8 0.18 14.5 +23 2.601 0.12-0.19 3
996 Hilaritas 12 11.8 0.37 14.5 +24 10.05 0.54-0.70 3
431 Nephele 12 13.9 0.47 13.1 +22 13.530 0.03-0.23 3
237 Coelestina 12 17.0 0.02 13.1 +23 29.215 0.16-0.25 3
1691 Oort 12 17.3 0.63 14.4 +22 10.271 0.38 3
86 Semele 12 19.5 0.18 11.8 +24 16.634 0.09-0.18 3
1074 Beljawskya 12 21.0 0.37 13.5 +24 6.284 0.32-0.37 3
786 Bredichina 12 21.1 0.12 13.4 +23 29.434 0.05-0.60 3-
1681 Steinmetz 12 22.6 0.48 13.6 +22 8.999 0.42 3
347 Pariana 12 23.5 0.78 11.9 +25 4.053 0.09-0.50 3
1423 Jose 12 23.6 0.87 14.5 +26 12.307 0.68-0.96 3
6555 1989 UUL 12 27.6 0.58 14.5 +24 12.678 0.27 3-
263 Dresda 12 28.3 0.61 13.9 +22 16.809 0.37-0.55 3
4421 Kayor 12 29.8 0.38 14.4 +24
656 Beagle 12 30.8 0.28 13.8 +22 7.035 0.57-1.20 3
1003 Lilofee 12 31.4 0.71 14.0 +21 8.255 0.52-0.57 3

Shape/Spin Modeling Opportunities

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

http://astro.troja.mff.cuni.cz/projects/asteroids3D
Additional lightcurves could lead to the asteroid being added to or

improving one in DAMIT, thus increasing the total number of
asteroids with spin axis and shape models.
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Included in the list below are objects that:

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

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

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

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

Brightest LCDB Data
Num Name Date Mag Dec Period Amp U
522 Helga 10 03.3 13.5 -2 8.129 0.13-0.31 3
273 Atropos 10 03.5 13.5 =13 23.924 0.52-0.65 3
533 Sara 10 04.3 13.8 +3 11.654 0.19-0.30 3
1029 La Plata 10 05.7 14.8 +4 15.31 0.26-0.58 3
5240 Kwasan 10 09.8 15.0 +13 5.673 0.42-0.53 3
854 Frostia 10 13.2 14.7 +6 37.56 0.33-0.38 3
33 Polyhymnia 10 14.6 10.2 +9 18.608 0.13-0.20 3
1069 Planckia 10 15.0 14.3 =7 8.665 0.14-0.42 3
1425 Tuorla 10 15.1 15.1 +3 7.75 0.17-0.40 3
1186 Turnera 10 17.1 12.9 +4 12.085 0.20-0.34 3
3533 Toyota 10 17.7 14.5 +8 2.9807 0.16-0.20 3
1152 Pawona 10 21.5 14.2 +17 3.4154 0.16-0.26 3
1563 Noel 10 21.8 15.1 +6 3.5495 0.14-0.18 3
156 Xanthippe 10 21.9 13.4 +18 22.37 0.10-0.12 3
811 Nauheima 10 22.3 14.5 +7 4.0011 0.11-0.20 3
1799 Koussevitzky 10 22.9 15.2 -2 6.318 0.25-0.40 3
1060 Magnolia 10 24.6 14.7 +14 2.911 0.05-0.32 3
785 Zwetana 10 26.0 13.9 +0 8.8882 0.13-0.20 3
5369 Virgiugum 10 27.6 15.3 +6 5.8422 0.13-0.26 3-
6823 1988 ED1 11 01.2 15.2 -8 2.546 0.10-0.30 3
1355 Magoeba 11 02.8 14.6 +19 2.9712 0.06-0.22 3
1129 Neujmina 11 04.8 14.0 +25 5.0844 0.06-0.20 3
1806 Derice 11 05.1 14.1 +21 3.224 0.07-0.19 3
3986 Rozhkovskij 11 06.4 14.8 +24 3.548 0.25-0.35 3
3915 Fukushima 11 06.5 15.5 -2 9.418 0.50-0.79 3
773 Irmintraud 11 08.4 13.5 +40 6.7514 0.09-0.15 3
2083 Smither 11 08.7 15.2 +37 2.6717 0.08-0.11 3
2294 Andronikov 11 14.1 14.8 +27 3.1529 0.35-0.42 3
204 Kallisto 11 15.4 13.1 +13 19.489 0.09-0.26 3
294 Felicia 11 16.1 14.3 +10 10.4227 0.19-0.24 3
855 Newcombia 11 17.8 15.5 +29 3.003 0.33-0.41 3
463 Lola 11 20.2 13.9 +30 6.206 0.20-0.22 3
3754 Kathleen 11 22.3 14.9 +11 11.18 0.13-0.20 3-
3115 Baily 11 24.0 13.5 +26 16.012 0.08- 0.2 3-
332 Siri 11 25.8 13.2 +23 8.0074 0.10-0.35 3
956 Elisa 11 26.6 14.9 +13 16.492 0.35-0.37 3
6500 Kodaira 11 26.7 14.8 -34 5.4 0.52-0.80 3
309 Fraternitas 11 26.8 14.3 +26 22.398 0.10-0.35 3
1131 Porzia 11 27.6 14.4 +17 4.6584 0.15-0.23 3
459 Signe 11 30.1 12.7 +34 5.5362 0.25-0.54 3
633 Zelima 12 01.5 14.1 +6 11.73 0.14-0.49 3
4874 Burke 12 06.3 15.3 +1 3.657 0.22-0.23 3-
583 Klotilde 12 08.4 12.9 +23 9.2135 0.17-0.30 3
1602 Indiana 12 09.9 14.5 +23 2.601 0.12-0.19 3
2650 Elinor 12 10.1 14.6 +45 2.762 0.02-0.18 3
374 Burgundia 12 10.4 12.9 +15 6.972 0.05-0.18 3
465 Alekto 12 12.7 14.8 +27 10.936 0.12-0.18 3
721 Tabora 12 13.0 13.9 +31 7.982 0.19-0.30 3
70 Panopaea 12 13.5 12.2 +33 15.8052 0.07-0.18 3
1117 Reginita 12 14.5 15.0 +17 2.946 0.10-0.33 3
1829 Dawson 12 16.7 14.4 +29 4.254 0.05-0.32 3
3483 Svetlov 12 20.4 15.1 +25 6.79 0.21-0.28 3
715 Transvaalia 12 23.5 14.0 +39 11.83 0.19-0.32 3
1220 Crocus 12 23.7 15.5 +17 491.4 0.15-1.00 3
563 Suleika 12 23.9 10.6 +26 5.69 0.13-0.28 3
256 Walpurga 12 24.7 14.5 +4 16.664 0.25-0.58 3
929 Algunde 12 25.1 14.7 +19 3.3102 0.13-0.17 3
834 Burnhamia 12 26.8 14.8 +18 13.875 0.15-0.22 3
2478 Tokai 12 28.2 14.3 +18 25.885 0.41-0.90 3
5448 Siebold 12 29.1 14.9 +30 2.9546 0.24-0.53 3
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Radar-Optical Opportunities

Past radar targets:
http://echo jpl.nasa.gov/~lance/radar.nea.periods.html

Arecibo targets:
http://www.naic.edu/~pradar
http://www.naic.edu/~pradar/ephemfuture.txt

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

These are based on known targets at the time the list was prepared.
It is very common for newly discovered objects to move up the list
and become radar targets on short notice. We recommend that you
keep up with the latest discoveries the Minor Planet Center
observing tools

In particular, monitor NEAs and be flexible with your observing
program. In some cases, you may have only 1-3 days when the
asteroid is within reach of your equipment. Be sure to keep in
touch with the radar team (through Dr. Benner’s email or their
Facebook or Twitter accounts) if you get data. The team may not
always be observing the target but your initial results may change
their plans. In all cases, your efforts are greatly appreciated.

Use the ephemerides below as a guide to your best chances for
observing, but remember that photometry may be possible before
and/or after the ephemerides given below. Note that geocentric
positions are given. Use these web sites to generate updated and
topocentric positions:

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

In the ephemerides below, ED and SD are, respectively, the Earth
and Sun distances (AU), V is the estimated Johnson V magnitude,
and a is the phase angle. SE and ME are the great circle distances
(in degrees) of the Sun and Moon from the asteroid. MP is the
lunar phase and GB is the galactic latitude. “PHA” indicates that
the object is a “potentially hazardous asteroid”, meaning that at
some (long distant) time, its orbit might take it very close to Earth.

About YORP Acceleration

Many, if not all, of the targets in this section are near-Earth
asteroids. These objects are particularly sensitive to YORP
acceleration. YORP (Yarkovsky—O'Keefe—Radzievskii—Paddack)
is the asymmetric thermal re-radiation of sunlight that can cause
an asteroid’s rotation period to increase or decrease. High
precision lightcurves at multiple apparitions can be used to model
the asteroid’s sidereal rotation period and see if it’s changing.

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

To help focus efforts in YORP detection, Table I gives a quick
summary of this quarter’s radar-optical targets. The family or
group for the asteroid is given under the number name. Also under
the name will be additional flags such as “PHA” for Potentially
Hazardous Asteroid, NPAR for a tumbler, and/or “BIN” to
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indicate the asteroid is a binary (or multiple) system. “BIN?”
means that the asteroid is a suspected but not confirmed binary.
The period is in hours and, in the case of binary, for the primary.
The Amp column gives the known range of lightcurve amplitudes.
The App columns gives the number of different apparitions at
which a lightcurve period was reported while the Last column
gives the year for the last reported period. The R SNR column
indicates the estimated radar SNR using the tool at

http://'www.naic.edu/~eriverav/scripts/index.php

The “A” is for Arecibo; “G” is for Goldstone.

Asteroid Period Amp App Last R SNR
(141593) 2002 HK12 12.690 1.5 1 2002 A 470
NEA G 160
(1620) Geographos 5.222 0.95 4 2019 G 25
NEA 2.03

(467317) 2000 QW7 71.3 1.0 1 2000 A 2950
NEA G 990
(2100) Ra-Shalom 19.797 0.30 4 2016 A 35
NEA 0.55 G 10
(354030) 2001 RB18 - - - - A 40
NEA G 15
(297418) 2000 SP43 = = = = G 50
NEA

(153814) 2001 WN5 - - - - A 40
NEA G 13
(395289) 2011 BJ2 7.03 0.48 1 2014

NEA

(162082) 1998 HL1 - - - - A 700
NEA G 230
2015 Jp1 = = = = A 530
NEA G 180
(481394) 2006 SF6 11.517 0.97 1 2019 A 1470
NEA G 490
2010 JG = = = = A 90
NEA G 30
(99248) 2001 KY66 19.7 0.30 1 2015

NEA

(85236) 1993 KH 5.057 0.32 1 2019

NEA

(162723) 2000 vM2 - - - -

NEA

(216258) 2006 WH1 7.30 0.20 1 2006 A 510
NEA G 170

Table I. Summary of radar-optical opportunities for the current
quarter. Period and amplitude data are from the asteroid lightcurve
database (Warner et al., 2009; Icarus 202, 134-146). SNR values
are estimates that are affected by power output of the radar along
with rotation period, size, and distance. They are given for relative
comparisons among the objects in the list.

The SNRs were calculated using the current MPCORB absolute
magnitude (), a period of 4 hours (2 hours if D < 200 m) if it’s
not known, and the approximate minimum Earth distance during
the current quarter. These are estimates only and assume that the
radars are fully functional.

If the SNR value is in bold text, the object was found on the radar
planning pages listed above. Otherwise, the planning tool at

http://www.minorplanet.info/PHP/call_OppLCDBQuery.php

was used to find known NEAs that were V < 18.0 during the
quarter. An object is usually placed on the list only if the estimated
Arecibo SNR > 10 when using the SNR calculator mentioned
above.

There are a number of hold-overs from the previous quarter (with
shortened ephemerides to cover the current quarter). While the
best radar opportunities may have gone by, these objects are still
within reach and should be observed, if possible. It’s rarely the
case, especially when shape/spin axis modeling, that there are too
many data. Remember that the best set for modeling includes not
just data from multiple apparitions but from as wide a range of
phase angles during each apparition as well.

(141593) 2002 HK12 (H =18.1)

The rotation period for 2002 HK12 is about 12.7 hours. A single
station can eventually cover the entire lightcurve but two
observers at well-separated longitudes could make much quicker
work of completing the lightcurve. The estimated diameter is 710
meters.

DATE RA Dec ED SD \4 o SE ME MP GB
09/26 02 54.3 +29 26 0.20 1.14 16.5 41.2 131 93 -0.11 -26
10/03 02 36.0 +27 23 0.23 1.19 16.6 30.9 142 154 +0.23 -30
10/10 02 20.0 +25 19 0.26 1.24 16.7 21.5 153 68 +0.87 -33
10/17 02 06.6 +23 18 0.30 1.29 16.8 13.4 163 25 -0.91 -36
10/24 01 55.8 +21 26 0.35 1.34 17.0 7.4 170 117 -0.23 -39
10/31 01 47.9 +19 48 0.41 1.39 17.4 6.7 171 136 +0.11 -41
11/07 01 42.7 +18 26 0.47 1.45 17.9 10.4 165 49 +0.74 -43

(1620) Geographos (H =15.6)

The period is well known (P ~ 5.22204 h) but data from each new
apparition help refine the amount that YORP is increasing the
asteroid’s rotation rate (decreasing the period), which has been
given as (1.15+0.15)x10 ® rad d ? (Durech et al., 2008, A&A 489,
L.25-28).

DATE RA Dec ED SD \4 o SE ME MP GB
10/01 20 32.3 -01 23 0.30 1.19 15.1 46.2 121 90 +0.08 -23
10/06 20 48.2 +00 48 0.34 1.21 15.4 45.1 121 34 +0.53 -25
10/11 21 02.1 +02 31 0.39 1.24 15.7 44.3 120 35 +0.93 -27
10/16 21 14.7 +03 55 0.44 1.27 16.0 43.8 119 86 -0.96 -29
10/21 21 26.4 +05 05 0.49 1.29 16.3 43.4 117 140 -0.56 -31
10/26 21 37.5 +06 05 0.54 1.31 16.5 43.2 115 139 -0.07 -33
10/31 21 48.2 +06 57 0.59 1.34 16.7 42.9 113 77 +0.11 -34
11/05 21 58.7 +07 46 0.64 1.36 17.0 42.7 111 27 +0.56 -36
11/10 22 09.0 +08 31 0.69 1.38 17.2 42.5 109 47 +0.94 -37
11/15 22 19.1 +09 13 0.75 1.41 17.4 42.3 107 101 -0.94 -38

(467317) 2000 QW7 (H =19.8)

The period for this NEA is known to be long (~71 h) and, to make
things more difficult, is nearly commensurate with an Earth day
(close to the same section of the curve is observed every three
days). This calls for another well-coordinated observing campaign.

On the plus side, the estimated size of 330 meters and minimum
distance of about 0.036 AU mean that the SNR for Arecibo could
be near 3000 and 1000 for Goldstone.

DATE RA Dec ED SD \4 o SE ME MP GB
10/01 02 57.6 -18 00 0.07 1.05 15.7 40.0 137 151 +0.08 -60
10/06 03 15.8 -14 12 0.09 1.07 16.2 38.8 138 112 +0.53 -54
10/11 03 25.9 -11 26 0.11 1.08 16.6 36.3 140 62 +0.93 -51
10/16 03 31.2 -09 17 0.12 1.10 16.9 33.0 143 23 -0.96 -48
10/21 03 33.4 -07 30 0.14 1.12 17.1 29.3 147 65 -0.56 -47
10/26 03 33.6 -05 56 0.17 1.14 17.3 25.5 150 131 -0.07 -46
10/31 03 32.5 -04 31 0.19 1.17 17.6 21.9 154 148 +0.11 -45
11/05 03 30.8 -03 09 0.21 1.19 17.8 18.7 157 90 +0.56 -45
11/10 03 28.7 -01 51 0.24 1.22 18.0 16.3 160 34 +0.94 -45

Minor Planet Bulletin 46 (2019)



(2100) Ra-Shalom (H =16.1)

Because of orbital geometries, Ra-Shalom (1.8 km) has reported
rotation periods from only four apparitions between 1978 and
2016. The period is about 19.8 h, which makes it a difficult target.
For those with larger telescopes, it’s accessible for the first six
weeks of the quarter.

DATE RA Dec ED SD \4 o SE ME MP GB
10/01 23 00.8 -28 16 0.19 1.16 14.2 31.6 143 116 +0.08 -66
10/06 22 36.1 -33 53 0.21 1.15 14.6 41.3 131 46 +0.53 -60
10/11 22 14.4 -38 05 0.23 1.13 15.0 49.6 120 31 +0.93 -55
10/16 21 56.1 -41 07 0.25 1.11 15.4 56.6 112 88 -0.96 -52
10/21 21 41.3 -43 18 0.27 1.09 15.7 62.5 104 146 -0.56 -49
10/26 21 29.5 -44 55 0.29 1.07 16.0 67.7 97 125 -0.07 -46
10/31 21 20.2 -46 09 0.31 1.04 16.2 72.4 90 59 +0.11 -45
11/05 21 12.6 -47 08 0.33 1.01 16.4 76.8 84 29 +0.56 -43
11/10 21 06.0 -47 59 0.34 0.98 16.6 81.2 79 74 +0.94 -42
11/15 20 59.6 -48 44 0.36 0.95 16.8 85.6 73 129 -0.94 -41

(354030) 2001 RB18 (H =18.5)

There’s no reported period in the LCDB for this 600 meter NEA.
It’s accessible the entire quarter. The prolonged period and range
of phase angles makes for an opportunity to do a detailed study of
lightcurve changes as the phase angle decreases to a minimum of
about 10° and then rises.

DATE RA Dec ED SD \4 o SE ME MP GB
10/01 01 57.4 +19 59 0.09 1.08 14.7 25.7 152 167 +0.08 -40
10/11 03 19.8 +16 48 0.10 1.09 15.1 31.7 145 66 +0.93 -33
10/21 04 10.1 +13 01 0.13 1.10 15.6 32.7 143 48 -0.56 -27
10/31 04 35.2 +10 15 0.16 1.13 16.0 29.1 146 169 +0.11 -24
11/10 04 45.4 +08 39 0.20 1.17 16.4 23.0 153 53 +0.94 -23
11/20 04 47.3 +08 02 0.24 1.22 16.7 16.2 160 79 -0.49 -23
11/30 04 45.5 +08 10 0.29 1.27 17.0 11.2 165 139 +0.13 -23
12/10 04 43.4 +08 53 0.36 1.33 17.6 11.0 165 21 +0.95 -23
12/20 04 42.8 +09 56 0.43 1.40 18.2 14.5 159 118 -0.41 -23
12/30 04 44.7 +11 10 0.52 1.46 18.9 18.7 151 108 +0.14 -22

(297418) 2000 SP43 (H =18.5)
2000 SP43 is a 600-meter NEA with no reported rotation period.
The large phase angles could produce unusual lightcurve shapes.

DATE RA Dec ED SD \4 o SE ME MP GB
10/01 19 32.1 -03 42 0.12 1.04 16.3 67.7 106 75 +0.08 -11
10/03 19 50.4 -02 37 0.13 1.05 16.5 64.3 109 53 +0.23 -14
10/05 20 05.3 -01 45 0.15 1.06 16.7 61.8 111 34 +0.43 -17
10/07 20 17.5 -01 01 0.16 1.07 16.8 59.9 112 21 +0.63 -20
10/09 20 27.8 -00 25 0.18 1.08 17.0 58.4 113 25 +0.80 -22
10/11 20 36.7 +00 05 0.19 1.09 17.2 57.3 113 40 +0.93 -23
10/13 20 44.4 +00 32 0.21 1.10 17.4 56.5 113 60 +0.99 -25
10/15 20 51.3 +00 55 0.23 1.11 17.5 55.9 113 80 -0.99 -26
10/17 20 57.5 +01 15 0.24 1.12 17.7 55.4 113 102 -0.91 -27
10/19 21 03.2 +01 33 0.26 1.12 17.8 55.0 113 124 -0.76 -28

(153814) 2001 WNS (H =18.2)

There’s no reported period for 2001 WNS5. Mainzer et al. (2016)
give a diameter of about 930 meters when using H = 18.3. This
one goes through a very wide range of phase angles in the first two
months of the quarter. This makes it a good target for finding A
and G.

DATE RA Dec ED SD \% [ed SE ME MP GB
10/01 05 36.1 +34 29 0.18 1.05 17.0 68.3 102 131 +0.08 +1
10/08 05 13.4 +33 10 0.20 1.10 17.0 56.7 114 130 +0.72 -3
10/15 04 51.8 +31 45 0.22 1.14 16.9 45.7 125 44 -0.99 -8
10/22 04 30.5 +30 10 0.24 1.19 17.0 35.1 137 54 -0.45 -12
10/29 04 09.9 +28 26 0.27 1.23 17.0 25.0 148 158 +0.01 -17
11/05 03 51.0 +26 36 0.30 1.28 17.0 15.6 160 103 +0.56 -21
11/12 03 34.9 +24 49 0.34 1.33 17.0 7.4 170 17 +1.00 -25
11/19 03 22.1 +23 12 0.39 1.38 17.2 3.5 175 81 -0.60 -28
11/26 03 12.7 +21 49 0.45 1.43 17.8 8.3 168 172 -0.01 -30
12/03 03 06.6 +20 44 0.51 1.47 18.4 13.5 160 84 +0.38 -32
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(395289) 2011 BJ2 (H =18.3)

There is only one period given in the LCDB: Warner (2014), who
determined P = 7.03 h but new observations are encouraged.
Because of the moon, the best conditions are early or late in
October.

DATE RA Dec ED SD \4 o SE ME MP GB
10/10 05 17.3 -05 11 0.30 1.16 17.9 51.6 115 100 +0.87 -23
10/15 05 20.0 +03 00 0.23 1.13 17.3 50.1 120 47 -0.99 -19
10/20 05 22.3 +17 43 0.17 1.10 16.5 47.8 125 17 -0.66 -11
10/25 05 24.0 +44 36 0.13 1.07 15.9 49.4 125 83 -0.14 +5
10/30 05 23.3 +79 40 0.13 1.05 16.3 62.7 110 117 +0.05 +23
11/04 17 28.8 +75 20 0.18 1.02 17.2 75.7 94 101 +0.46 +31
11/09 17 28.4 +61 40 0.24 0.99 18.0 82.2 84 99 +0.88 +33

(162082) 1998 HL.1 (H =18.9)

This NEA is accessible from the first of October through mid-
December. The ephemeris concentrates on the time when it is
brightest. The diameter is about 500 meters.

DATE RA Dec ED SD \4 o SE ME MP GB
10/20 23 48.5 +64 35 0.06 1.03 14.7 55.0 122 74 -0.66 +2
10/22 00 42.9 +55 22 0.05 1.03 14.1 44.2 134 87 -0.45 -8
10/24 01 23.6 +41 57 0.04 1.03 13.4 29.8 149 110 -0.23 -21
10/26 01 53.2 +25 34 0.04 1.03 12.8 12.9 167 143 -0.07 -35
10/28 02 15.0 +09 17 0.04 1.04 12.6 3.9 176 177 +0.00 -48
10/30 02 31.3 -04 12 0.05 1.04 13.4 17.3 162 150 +0.05 -57
11/01 02 43.8 -14 16 0.06 1.04 14.1 27.4 151 121 +0.18 -61
11/03 02 53.5 -21 31 0.07 1.05 14.6 34.5 143 96 +0.37 -62
11/05 03 01.2 -26 45 0.08 1.05 15.1 39.6 137 76 +0.56 -61
11/07 03 07.5 -30 35 0.09 1.06 15.5 43.3 133 60 +0.74 -60

2015 JD1 (H =20.6)

The diameter is about 200 meters, so the period is likely P > 2 h.
Make no assumptions. The asteroid moves quickly from the
northern into the southern celestial hemisphere. The ephemeris has
two-day intervals and is centered on the time the asteroid is
brightest.

DATE RA Dec ED SD \4 o SE ME MP GB
10/30 20 09.0 +41 36 0.05 1.00 16.7 79.5 98 82 +0.05 +5
11/01 21 17.7 +34 02 0.04 1.01 15.9 68.7 109 74 +0.18 -11
11/03 22 33.1 +20 34 0.03 1.01 15.2 54.9 124 59 +0.37 -32
11/05 23 40.9 +04 05 0.03 1.02 15.0 43.6 135 40 +0.56 -54
11/07 00 33.5 -09 30 0.04 1.02 15.3 40.0 138 23 +0.74 -72
11/09 01 11.7 -18 28 0.05 1.03 15.8 41.3 137 19 +0.88 -80
11/11 01 39.4 -24 04 0.06 1.03 16.3 43.5 134 32 +0.98 -79
11/13 01 59.8 -27 38 0.07 1.04 16.7 45.4 132 49 -1.00 -75
11/15 02 15.2 -29 59 0.09 1.05 17.1 46.9 129 68 -0.94 -71
11/17 02 27.2 -31 34 0.10 1.05 17.5 48.0 128 88 -0.80 -69

(481394) 2006 SF6 (H =19.9)

Warner (2019) found a period of 11.517 h for this 300-m NEA.
The period is nearly commensurate with an Earth day, so two
observers at widely separated longitudes could make easier work
of confirming the result. The galactic latitude is low into
November; that makes for more of a challenge.

DATE RA Dec ED SD \4 o SE ME MP GB
10/10 03 56.0 +33 24 0.22 1.15 18.5 40.7 131 91 +0.87 -15
10/15 03 58.4 +33 14 0.19 1.14 18.1 37.9 135 35 -0.99 -15
10/20 03 58.9 +32 46 0.16 1.13 17.6 34.5 140 35 -0.66 -15
10/25 03 57.0 +31 49 0.14 1.11 17.1 30.4 146 102 -0.14 -16
10/30 03 51.7 +30 07 0.11 1.09 16.5 25.1 152 167 +0.05 -18
11/04 03 41.5 +27 04 0.09 1.07 15.7 18.1 160 113 +0.46 -22
11/09 03 23.3 +21 23 0.06 1.05 14.6 7.9 172 48 +0.88 -29
11/14 02 49.9 +09 37 0.04 1.03 13.8 9.9 170 25 -0.98 -43
11/19 01 42.1 -16 05 0.03 1.01 14.0 43.7 135 116 -0.60 -74
11/24 23 20.9 -48 11 0.03 0.99 15.6 90.0 88 118 -0.09 -63
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2010JG (H=20.9)

The rotation period is unknown for this 200-m NEA (Mainzer et
al., 2016). The size is close to where the possibility of P <2 h
increases significantly. The window of opportunity is short and for
those with larger telescopes.

(162723) 2000 VM2 (H =17.4)
This NEA is about 1 km in diameter. There is no period given in
the LCDB. The galactic longitude is highest, though not
particularly favorable, when the asteroid is faintest and lowest
when the asteroid is brightest. Neither is a winning combination.

DATE RA Dec ED SD \4 o SE ME MP GB DATE RA Dec ED SD \4 o SE ME MP GB
11/15 12 03.0 +42 59 0.05 0.98 18.2 100.9 76 83 -0.94 +71 10/20 03 12.5 +34 50 0.53 1.47 17.9 21.7 147 45 -0.66 -20
11/16 12 03.5 +50 51 0.06 0.98 18.1 94.7 82 70 -0.88 +65 10/25 03 05.9 +36 34 0.47 1.42 17.5 20.1 151 110 -0.14 -19
11/17 12 04.1 +57 39 0.06 0.99 18.0 89.2 87 61 -0.80 +58 10/30 02 55.7 +38 32 0.40 1.37 17.1 19.0 153 155 +0.05 -18
11/18 12 04.9 +63 26 0.07 0.99 18.0 84.4 92 56 -0.70 +53 11/04 02 40.3 +40 46 0.35 1.31 16.7 19.1 154 104 +0.46 -18
11/19 12 05.8 +68 19 0.07 1.00 18.1 80.4 95 56 -0.60 +48 11/09 02 17.5 +43 16 0.29 1.26 16.3 21.5 152 51 +0.88 -17
11/20 12 06.9 +72 28 0.08 1.00 18.1 76.9 99 59 -0.49 +44 11/14 01 42.9 +45 54 0.24 1.20 16.0 27.2 146 43 -0.98 -16
11/21 12 08.3 +75 59 0.09 1.01 18.2 74.0 101 66 -0.37 +41 11/19 00 50.1 +48 06 0.20 1.14 15.7 36.9 136 97 -0.60 -15
11/22 12 09.9 +79 00 0.09 1.01 18.3 71.4 103 73 -0.26 +38 11/24 23 32.6 +48 16 0.17 1.08 15.6 51.3 121 129 -0.09 -13
11/23 12 12.0 +81 36 0.10 1.02 18.4 69.3 105 82 -0.17 +35 11/29 21 56.6 +43 31 0.15 1.02 15.8 71.0 101 82 +0.07 -9
11/24 12 14.8 +83 52 0.11 1.02 18.5 67.3 107 90 -0.09 +33

(99248) 2001 KY66 (H=16.4)

The NEA is accessible throughout the quarter, but the galactic
longitude is low starting in mid-November. Warner (2015) found a
period of 19.7 h but it’s a weak solution (U = 2—). Well-calibrated
data will be particularly helpful. The diameter is 1.6 km.

DATE RA Dec ED SD \4 o SE ME MP GB
10/01 12 33.5 +67 20 0.20 0.95 16.4 98.3 70 80 +0.08 +50
10/11 10 31.7 +71 21 0.22 0.99 16.1 85.4 82 118 +0.93 +42
10/21 08 37.0 +69 53 0.24 1.04 15.9 71.9 95 48 -0.56 +34
10/31 07 14.1 +65 37 0.26 1.10 15.7 58.1 109 130 +0.11 +27
11/10 06 13.6 +59 48 0.28 1.17 15.7 44.1 125 80 +0.94 +19
11/20 05 29.0 +52 56 0.31 1.24 15.6 30.5 140 66 -0.49 +10
11/30 04 57.8 +45 45 0.35 1.31 15.7 18.7 155 143 +0.13 +2
12/10 04 38.1 +39 12 0.42 1.39 15.9 12.2 163 30 +0.95 -5
12/20 04 27.7 +33 51 0.50 1.46 16.5 13.7 159 116 -0.41 -10
12/30 04 24.1 +29 49 0.60 1.54 17.2 18.4 150 107 +0.14 -14

(85236) 1993 KH (H =18.7)

Warner (2019) reported a period of 5.057 h. That could use
confirmation and/or refinement. The diameter of the NEA is about
500 meters. It’s accessible for the last two months of the quarter,
which should provide plenty of time to get observations.

DATE RA Dec ED SD \4 o SE ME MP GB
11/01 10 13.0 -13 46 0.11 0.94 18.1 114.0 60 107 +0.18 +34
11/08 09 47.4 +05 00 0.10 0.97 17.1 96.4 78 150 +0.82 +41
11/15 09 21.9 +23 41 0.11 1.01 16.6 77.4 97 55 -0.94 +43
11/22 08 52.8 +39 02 0.12 1.04 16.4 61.0 113 53 -0.26 +40
11/29 08 17.0 +50 01 0.14 1.08 16.5 48.4 125 146 +0.07 +34
12/06 07 34.0 +56 55 0.17 1.11 16.7 39.5 134 104 +0.66 +28
12/13 06 48.2 +60 27 0.20 1.15 16.9 33.9 139 39 -0.99 +23
12/20 06 07.1 +61 30 0.24 1.18 17.3 31.0 142 92 -0.41 +19
12/27 05 36.1 +60 56 0.28 1.22 17.7 30.1 142 139 +0.01 +15
01/03 05 16.4 +59 32 0.33 1.25 18.1 30.5 140 80 +0.48 +12
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(216258) 2006 WH1 (H =20.2)
The LCDB lists one previous period, 7.30 h (Warner, 2007). It’s
rated U = 2, so it’s possible that the true period is significantly
different. The diameter is about 270 meters. The Fates are again
unkind in that the asteroid remains at low galactic latitudes from
mid-November to late December.

DATE RA Dec ED SD \4 o SE ME MP GB
11/20 05 14.0 +22 53 0.23 1.20 18.4 18.2 158 69 -0.49 -9
11/24 05 21.0 +22 07 0.20 1.18 17.9 16.6 160 125 -0.09 -8
11/28 05 29.5 +21 02 0.17 1.15 17.4 15.3 162 179 +0.02 -7
12/02 05 40.6 +19 26 0.14 1.12 16.9 14.6 163 131 +0.29 -6
12/06 05 56.2 +16 58 0.11 1.09 16.4 15.4 163 86 +0.66 -4
12/10 06 20.3 +12 50 0.08 1.06 15.9 18.9 160 44 +0.95 -1
12/14 07 01.5 +05 08 0.06 1.04 15.4 28.2 150 18 -0.96 +5
12/18 08 20.1 -10 04 0.04 1.01 15.2 49.5 129 44 -0.64 +15
12/22 10 39.2 -30 11 0.04 0.99 16.1 83.8 94 56 -0.20 +25
12/26 12 58.8 -37 54 0.05 0.96 17.9 109.3 68 66 +0.00 +25
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