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Based on more than five months of observations, we
find for 470 Kilia a synodic rotation period of 296.2 + 2
hours, maximum amplitude 0.30 = 0.05 magnitudes,
color index V-R=0.51. We calculate H=10.25 + 0.05 and
G=0.23 £ 0.05 at mid-light in the V photometric system.
Tumbling is confirmed, but the second tumbling period
could not be found due to commensurability with the
principal period.

Two previously published rotation periods for minor planet 470
Kilia are by Stephens (2009), 290 h with possible tumbling; and
Behrend (2010), 26.4 h. Pilcher at Organ Mesa Observatory and
Polakis at Command Module Observatory collaborated in a more
extensive campaign. Pilcher used a 0.35-m /10 Meade LX200
GPS Schmidt-Cassegrain (SCT) telescope, SBIG STL-1001E
CCD, and a clear filter to obtain 73 sessions. Polakis used a 0.32-
m /6.7 Dall-Kirkham telescope, SBIG STXL-6303 CCD, clear
filter to obtain 21 sessions.

Solar colored stars were selected for magnitude calibration for all
sessions. Pilcher used stars with r’ magnitudes from the Carlsberg
Meridian Circle 15 (CMCI15) catalog (Muifioz et al. 2014), and
adjusted to the Johnson R magnitude system, according to the
formula by Dymock and Miles (2009), R = r’-0.22. This catalog is
internally consistent usually within 0.05 magnitudes but
occasionally somewhat larger inconsistencies are found. Polakis
also used solar colored stars whose magnitudes were obtained
from the ATLAS catalog (Tonry et al. 2018), which is
incorporated directly into MPO Canopus. The ATLAS catalog
derives Sloan griz magnitudes using a number of available
catalogs. All r’ magnitudes from Polakis’s data were adjusted
upward by 0.22 magnitudes to conform with the Cousins R
magnitude system used by Pilcher. The fit by this simple
technique was in most cases 0.02 magnitudes or better.

MPO Canopus software plots multi-session lightcurves by
correcting night-to-night magnitude variations caused by changes
in Earth and Sun distances and phase angle. Magnitude variations
arising from the changing position of the target in the sky relative
to Earth are removed with this correction as explained below, and
changes that remain are due only to rotational behavior of the
target. Corrections for Earth and Sun distances depend upon
inverse square brightness laws, and are precise and reliable. The
surface properties of the asteroid determine how rapidly the
magnitude changes with phase angle and are quantitatively
defined by the phase slope parameter, G.

For all asteroids, MPO Canopus utilizes the value of G listed in
the MPC orbital database. For 470 Kilia the listed value is the
default G=0.150. We obtained data needed to improve the
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resultant lightcurve with improved values of H and G. To achieve
this improvement, 20 data points were obtained alternately in R
and V filters on 2020 Mar. 16 by author Pilcher. The same
calibration stars were used for both the R and V filter sessions.
Dymock and Miles (2009) provide formulas for converting 1’, J,
and Ks in the CMC14 catalog (and also for the expanded CMC15
catalog) to Cousins R and Johnson V magnitudes.

R=r’-0.22 V=0.6278*(J-Ks)+0.9947*r’
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R magnitudes derived from CMC15 r’ magnitudes were used for
the R filter session. V magnitudes derived from CMC15 r’, J, and
Ks magnitudes were used for the V filter session. We present the
raw lightcurve of all data points from both sessions. Adjusting the
R magnitudes downward by 0.51 produces a best fit with
minimum rms error. Hence we find V-R=0.51.

470 Kilia H-G Phase Curve
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Number Name yyyy/mm/dd Phase Leae  Beas  Period(h) P.E Amp A.E.

470 Kilia 2019/10/27-2020/04/02 * 22.6, 18.3 152 -5 296.2 2.0 0.30 0.05

Table |. 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).

The authors thank Lorenzo Franco for constructing an H-G plot
for maximum, mean, and minimum light. The R magnitudes in the
data were converted to the V magnitude system by the
aforementioned V-R=0.51. The H-G plotting subroutine of MPO
Canopus was used to find separate plots at maximum light, mean
light, and minimum light. These plots were combined on a
spreadsheet showing, at mean light H=10.25+0.05, G=0.23+0.05;
at maximum light H=10.19+0.03, G=0.26+0.03; at minimum light
H=10.32+0.03, G=0.20+0.03.

MPO Canopus V.10.7 (Warner, 2016) contains a subroutine by
which the default G=0.150 can be changed for all sessions. The
value of G is changed to 0.23 to produce the phased lightcurve for
all 94 sessions that is included in this paper. This lightcuve has
best fit to a period 296.0 + 0.1 hours and amplitude 0.30 + 0.05
magnitudes. Most of the scatter in the lightcurve is due to
tumbling, as explained in the next paragraph.

Petr Pravec (personal communication) used simultaneous dual-
period software to search for evidence of tumbling. The main
period is well established: 296.2 h (realistic error 2 h). The MPO
Canopus result, shown in the lightcurve, is 296.0 + 0.1 hours. The
0.1-hour formal error is unrealistically small. For this paper we
adopt the value of 296.2 + 2 hours. Tumbling was confirmed, but
as for the second period, unfortunately it appears commensurate
with the main period, so its solution is not unique. One candidate
period is 119.3 h (which is near 2/5 commensurate with the main
period). But the fit is not robust, as no higher than the 2nd order
Fourier series can be meaningfully fitted to the data because of the
period commensurability.

We conclude that the synodic rotation period of 470 Kilia is 296.2
+ 2 hours, an amplitude of 0.30 £+ 0.05 magnitudes, with
confirmed evidence of tumbling. We also find the photometric
color index V-R=0.51, and in the V photometric system H=10.32
+0.05 and G=0.23 £ 0.05 at mid-light.
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