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Analysis of observations from North America and
Australia of the nearly Earth-commensurate asteroid 247
Eukrate obtained over an interval of more than three
months resulted in finding a unique rotation period of
12.093 + 0.001h, amplitude 0.14 + 0.02 mag.

Observations made by FP at the Organ Mesa Observatory were
made using a Meade 35-cm LX-200 GPS Schmidt-Cassegrain
(SCT) and SBIG STL-1001E CCD with an R filter. Exposures
were 60 seconds, unguided. Analysis used differential photometry
only. Observations by SD, GA, and TB, made remotely at Grove
Creek Observatory, used a 25-cm SCT, SBIG STL-1001E CCD,
and clear filter. Exposures were 30 seconds. Image measurement,
lightcurve analysis, and data sharing were done with MPO
Canopus. Because of the large number of data points, the data for
the lightcurves presented here have been binned in sets of three
points with a maximum time interval between points no greater
than 5 minutes.

Previous period determinations for 247 Eukrate include 12 hours
(Schober and Surdej, 1979) and 12.10 hours (Harris and Young,
1980), who based their results a on a more extensive data set. For
an object with a period believed to be very close to Earth-
commensurate, a series of lightcurves over a long time interval is
required for full phase coverage. Observations at Organ Mesa
Observatory began 2012 Jan 30, more than a month before
opposition, and were obtained on 9 nights at intervals of 5 to 20
days through April 25 to cover the full cycle twice. These have
been supplemented by additional observations on 2012 March 23
and May 17 from Grove Creek Observatory, New South Wales,
Australia, to sample phases of the lightcurve on dates greatly
differing from those on which it could be observed from Organ
Mesa. Full phase coverage was also achieved for the double
period, for which the two halves look almost identical to each
other, and for which the double period can be safely rejected. We
find an unambiguous period of 12.093 + 0.001 h, amplitude 0.14 +
0.02 magnitudes, in excellent agreement with Harris and Young
(1980).
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EPOCH DATA IN SIDEREAL PERIOD DETERMINATION.
I. INITIAL CONSTRAINT FROM CLOSEST EPOCHS
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Spin vector determination methods that use epoch
information require establishing correct rotation counts
over long time spans, which can involve ambiguities that
are not necessarily correctly handled by purely statistical
methods. I present an approach that can be used prior to
spin vector analysis, to begin to check how well a given
set of lightcurve epoch data can constrain the sidereal
period. I also present two precepts to maximize the
impact of observing efforts in cases where more epoch
data are needed.

Introduction

To determine a rotation period from lightcurves, the time interval
At elapsed between observations of some “epoch,” such as a
repeating feature, is divided by the number of rotations 7, that
occurred during the time interval:

P=At/ny (Eq. D

If the lightcurve is not also observed sufficiently between the
epochs, then establishing the number of rotations that occurred can
be subject to ambiguity. Determining the correct number of
elapsed rotations therefore is essential to determining the correct
period. Incorrect periods calculated using incorrect numbers of
elapsed rotations are known as alias periods.

Spin vector analyses can make use of epoch information in rotation
lightcurves to determine an object's pole orientation and direction
of spin. Doing so necessarily involves determining the sidereal
rotation period, thus a prerequisite for spin vector analysis using
epoch information is determining the correct numbers of rotations
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that elapsed between every pair of observed epochs. Establishing
the rotation count across the entire span of an epoch data set to
determine the sidereal period is considerably more difficult than
determining a synodic period from observations made within a
single apparition, because epochs from different apparitions are
separated by significant spans of time within which no
observations are available, and the numbers of rotations involved
are much larger than in the synodic case. Typically several
thousand rotations elapse between the earliest and latest epochs,
providing plenty of opportunity for a miscount. Some hints about
determining sidereal periods are available in the literature; e.g.,
Taylor and Tedesco (1983), Magnusson (1986), Kaasalainen et al.
(2001), but comprehensive “how-to” information is generally
lacking.

When faced with the problem of identifying a correct solution from
among aliases, it is important to understand that calculating a
period based on an incorrect number of rotations is a systematic
error rather than a statistical error. This distinction matters
because least-squares methods can yield spurious results when
errors other than independent and normally-distributed
measurement errors are present. Statistical methods must therefore
be used with caution in this context, especially when the epoch
data are not plentiful. Instead, a more robust approach is to first
rule out alias periods by considering the sampling issues directly.

This first of two papers concerns only the initial constraint on the
sidereal period, to describe an approach to check how well a given
set of lightcurve epoch data begins to constrain the period. The
test can be used before proceeding with spin vector analysis to
check whether more epoch data are needed to identify the correct
period solution, and to help plan observing programs. A second
paper will describe a method for calculating the sidereal period
constraints themselves given a set of epoch data.

Method

The best single-apparition constraint on the synodic period is used
to check how precisely the rotations between epochs observed
during the closest available pair of apparitions can be counted.
Estimating an appropriate uncertainty for the synodic period is
important because it will be used to establish the initial constraints
on the sidereal period. An approach that seems well-suited for this
purpose is to inspect trial folded composite lightcurves, adjusting
the folding period upward and downward to check self-consistency
of the resulting composite within the brightness uncertainties of the
individual observations. Judging the composite's consistency
accurately at the 68% formal one-sigma confidence level is
difficult, and also would yield a smaller range of possible sidereal
periods than we will wish to test; instead, it is easier and more
appropriate for the present purpose to adjust the trial periods
farther until the composite is just barely consistent, estimating a
more inclusive confidence interval of something like 99%. To
emphasize that this estimate isn't a conventional one-sigma error, I
subscript it as Gy in this paper.

Given the best single-apparition synodic period Py, and
uncertainty Goo(Psy,), the number of rotations elapsed during a time
interval At is given by rearrangement of Eq. 1:

N = At/ P (Eq. 2)

Every rotation contributes coo(Py,) of uncertainty in time, so the
accumulated uncertainty over the entire interval, in units of
rotations, is
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(Eq.3)

For purposes of counting alias periods the uncertainty is rounded to
the nearest half rotation, because the lightcurves are doubly
periodic and at this point one cannot assume that half-rotations can
be distinguished:

099(nr0t) = 099(Psyn) At/ Psyn2

699(Niot) = 0.5 INT(0.5 + 2 09o(r2rr))  (Eq. 4)

The true rotation count could be either smaller or larger than the
nominal estimate, and every 0.5 increment in rotation count yields
another alias period, so the total number of possible periods from
among which the correct period needs to be identified is

(Eq. 5)

Fewer alias periods is better because it reduces the need to decide
among possible rotation counts; thus the best possible outcome at
this stage is N, = 1 in which case rotations are counted over the
interval without ambiguity, and the lone period result obtained
must be the correct one.

Nper =4 699(Nrot) +1

On the other hand, if more than one rotation count is possible at
this stage then additional work will be needed to eliminate the
spurious alias results and identify the correct count. Egs. 3-5
suggest a way to test whether obtaining additional epoch data can
reduce the number of solutions that need to be checked, in that
minimizing both c9(Pyy,) and At will yield the best constraint on
the rotation count. This observation leads to the following two
precepts for designing a lightcurve epoch observing program for
sidereal period determination:

Precept 1: Determine the synodic rotation period as precisely as
possible. Along with the standard observing procedures to achieve
high quality photometry and dense coverage in rotational phase,
include epoch data from at least one apparition during which
lightcurves were observed throughout the apparition's entire time
span. A winter apparition is favored because it maximizes the
number of usable lunations. A longer time span of observations
during an apparition reduces the uncertainty in the derived synodic
period o(P) because the uncertainty in the interval between epochs
o(Af) will then be divided by a larger number of rotations:

(Eq. 6)

Precept 2: Include epochs observed during two consecutive
apparitions, because epochs closest in time but not during the same
apparition necessarily must be in consecutive apparitions. Note
that the intervals between consecutive apparitions can vary
significantly depending on the object's orbital eccentricity, in
which case it is preferable to observe a pair of apparitions from
among those that occur closest in time.

6(P) = 6(Af) / 1oy

Discussion

Epoch data which satisfies both precepts yields the smallest Np.,
and thus the best initial constraint on the sidereal period; in most
cases | would expect such a data set to yield an unambiguous
rotation count, or perhaps a very small number of aliases. If the
constraint allows more than one possible period then every
solution should be individually checked, and retained until and
unless it can be convincingly ruled out.

An epoch data set that doesn't satisfy the precepts will allow more
alias periods. Having many possible solutions is a strong
indication that there are not enough data to confidently determine
the sidereal period.
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To illustrate the improvement with attention to epoch sampling I
present as an example the data set of asteroid (347) Pariana, which
was observed during its 2009 apparition by Caspari (2010). The
author combined the new data with lightcurves from two earlier
apparitions to report a sidereal period result which seems to have
been selected based on a statistical approach. [ will use Egs. 3-5
to test what degree of ambiguity is present within the initial
constraint on the sidereal period, based on At, Py, and Goo(Pyyn).

In the Pariana data set the interval Az is about 93 months between
the closest epochs not in the same apparition, which are six
apparitions apart in 1991 and 1999. The synodic rotation period
Py, is 4.052 h, with reported errors (assumed 1-sigma) estimated
separately from pre- and post-opposition lightcurve subsets. The
period uncertainty for use in Eq. 3 should properly be estimated
directly from a combined analysis of the original data over the
entire 52-day interval observed, but for illustration purposes only
I'll use the available information to approximate the uncertainty of
a period derived from the combined data. The precision of the
combined time interval will be limited by the greater noise in the
16-day span of post-opposition data, so I scale their reported
period error o(Pgy,) = 0.004 h by the ratio 16/52, which simply
divides the same interval error by the larger number of rotations
that occur over the longer 52-day span. Then I adopt 699 =~ 2.56
yielding a final estimate of 0.003 h for Ggo(Pgy).

The result is that the Pariana epochs allow about 50 alias periods
within the initial constraint on the sidereal period, a significant
ambiguity which suggests that the reported sidereal period solution
is spurious. Caspari (2010) also reported a corresponding spin
vector solution based on a nonlinear iterative inversion algorithm
(Kaasalainen et al., 2001) which requires the sidereal period as an
initial input value, so if the sidereal period is spurious then so is the
pole solution.

The Pariana data set can be made markedly more suitable for
constraining the sidereal period with additional lightcurve
observations that satisfy the two precepts described earlier:

1. Observe a future apparition for a span longer than was observed
in 2009. For example, if the observations during the 2009
apparition had begun at the start of the preceding lunation then the
total span of available epochs would be 60% longer, and data of
comparable quality recorded then would have reduced the number
of alias periods by that same amount.

2. Observe lightcurves during a consecutive pair of future
apparitions as close as possible in time. Pariana's orbit eccentricity
0.16 is large enough that the time intervals between consecutive
apparitions vary in length by nearly a factor of two; the shortest
intervals occur when one of the opposition dates is in July or
August. For example, if Pariana were observed in 2012 February
and 2013 July then Af would be about 17 months, reducing by
more than 80% the number of alias periods.

Making both of the above improvements to the Pariana data set
reduces the expected number of alias periods for the initial sidereal
period constraint to about 3, few enough to convincingly check
individually.

Conclusion

Authors determining sidereal rotation periods from lightcurves
need to be aware of the issue of alias periods, and use analysis
methods that explicitly address identifying and resolving
ambiguous solutions for rotation counts. Attention to epoch

sampling in the observing program can reduce the number of alias
periods. Robust strategies are needed to reliably identify the
correct period from among aliases, or to establish the degree to
which the best result is ambiguous; in particular, if a statistical
approach ultimately is involved then one must be mindful of its
limitations in this context.

Finally, note that while significant ambiguity in the rotation count
for the initial sidereal constraint considered here would suggest
that the epoch data are insufficient to determine the sidereal period,
an unambiguous rotation count at this initial stage does not by
itself guarantee that the full data set is sufficient to unambiguously
count rotations over the longer intervals of the entire data set, or
that the sidereal period thus obtained is accurate enough. In the
second paper I will describe a method to estimate bounds on the
range(s) of sidereal periods that are consistent with an entire data
set of epochs.
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CCD Opbservations of 8882 Sakaetamura were taken on
nine nights between 2012 Jan 7 and 29. Analysis of the
data found a synodic period of 4.874 + 0.002 h with a
lightcurve amplitude of 0.60 + 0.1.

8882 Sakaetamura is a main-belt asteroid that was discovered on
1994 Jan 10 by K. Endante and K. Watanabae at Kitami. Alternate
designations for this asteroid are 1994 AP2 and 1987 GX (JPL,
2012). Observations were made at the Frank T. Etscorn
Observatory located on the campus of the New Mexico Institute of
Mining and Technology. The equipment used for observations
included a 0.35-m f711 Cassegrain mounted on a Paramount ME
and SBIG STL-1001E CCD camera. All images were taken
through a clear filter and the exposure times were 180 seconds.
The images were flat-corrected and dark-subtracted and then
aligned using CCDSoft 5 (Software Bisque). The period analysis
and lightcurve generation were done using MPO Canopus (MPO
Software).
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