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MAIN-BELT ASTEROIDS OBSERVED FROM CS3:
2019 JANUARY - MARCH
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CCD photometric observations of 10 main-belt asteroids
were obtained from the Center for Solar System Studies
from 2019 January to March. In light of recent period
analysis, images of 2120 Tyumenia obtained in 2004
were re-examined. The resulting analysis found a period
of 17.515 h, which is consistent with the recent results.

The Center for Solar System Studies (CS3) has seven telescopes
which are normally used in program asteroid family studies. The
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 family targets being studied, targets
of opportunity amongst the main-belt families were selected.

Table I lists the telescope/CCD camera combinations that were
used. All the cameras use the KAF-1001E blue-enhanced CCD
chip and so have essentially the same response. The pixel scales
for the combinations range from 1.24-1.60 arcsec/pixel. Images
were unbinned with no filter and had master flats and darks
applied. The exposure duration varied depending on the asteroid’s
brightness and sky motion.

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
0.40-m £/10 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.

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 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
0f 0.04-0.05 mag.

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.

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 gives the rotational phase
from —0.05 to 1.05.

The amplitude indicated in the plots (e.g. Amp. 0.20) 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
asteroid lightcurve database (LCDB; Warner et al., 2009).

841 Arabella. Klinglesmith et al. (2016) previously observed this
Flora family member, finding a rotational period of 3.142 h. This
year’s result is in good agreement with their period.

T T T T T T
841 Arabella
15.90 - Period: 3.140 £ 0.001 h Amp: 0.32 b
15.95|- g
_16.00
* 16.051
a
F 1610
s
216151
S 16.20+
3
S 16.251
1630
©
= 16.351
16.40|-

Year: 2019
v 5955 - 01119]
¢ 5956 - 01/19)
+ 5957 - 01/20] |
O 5958 - 01/20
16.45- + 5961 - 01/22|
A 5962-01/22
—8th Order |

16.501 jpo(LTC): 2458502.584262
1 L L L L L L L L L L

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

1019 Strackea. We studied this member of the Hungaria family
three times in the past (Warner, 2009; 2011a; 2014a), each time
finding a rotational period near 4.05 h. The result found this year
is consistent with those findings.
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A previous shape and spin model (Warner 2019) found
(A, B) =(227°,-52°) or (219°, +54°) and P_ spspze, = 4.047270 h.
It is hoped that this year’s data will improve upon that model.

1667 Pels. Wisniewski et al. (1997) and Kryszczynska et al.
(2012) found a rotational period near 3.27 h for this inner main-
belt asteroid. The rotational period found this year is in good
agreement with those results.
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2267 Agassiz. No entry was found in the LCDB for this member
of the Flora family/group.
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2642 Vesale. Warner (2011b) and Waszczak et al. (2015) both
found periods near 5.56 h. The results this year are in good
agreement with those findings.
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2120 Tyumenia. This outer main-belt asteroid has been observed
several times. Oliver et al. (2008) and Pligge et al. (2011) both
found results near 17.5 h. Warner (2005) observed the asteroid in
2004 July and found a period of 2.769h. Durech et al. (2018) used
sparse-in-time photometry from the Lowell Observatory Database
to find a sidereal period of 17.4991 + 0.0002 h and pole solution
(A, B) = (244°, +45°) or (92°, +23°). They alerted Warner to the
discrepancy; he then re-measured the original images using
modern photometric catalogs and found a result consistent with
the Durech et al. sidereal period.
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3040 Kozai. Pravec et al. (2019) found P = 4.515 h for this Mars-
crosser during the Photometric Survey for Asynchronous Binary
Asteroids. The period found this year agrees with Pravec et al.
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(9068) 1993 OD. This Hungaria family member has been
observed several times in the past. Behrend (2019), Warner (2009;
2014b) and Pravec (2019) all reported periods 3.40 h. This result
is in good agreement.
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16724 Ullilotzmann. No entry was found in the LCDB for this
Mars-crosser.
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(35380) 1997 WJ21. No entry was found in the LCDB for this
member of the Flora Family.
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(162820) 2001 BK36. No entry was found in the LCDB for this
member of the Eunomia family.
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