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Solar System Science with a
GWEM optical facility

Alan Fitzsimmons, Queen’s University Belfast

Assume:
• Solar-System is a driver for 
regular non-GWEM 
operations (cadence, depth).
• Current/planned Near-Earth 
Object surveys for 2017 
timeframe are operational.
• ATLAS-like capabilities
 Vlim  20
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Moving Object Processing System

MOPS developed for 
PS1 system, used by 
TALCS, WISE,ATLAS. 
(Denneau et al. 2013),

Takes transient 
detections, links them 
to produce “tracklets” 
of individual objects.

Automatic identification of known objects and estimation of 
detection efficiencies.
For unknowns estimates likely class of object and provides initial 
orbit determination.
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1. Detection of Final-trajectory NEOs

2008 TC3

Impact
07/10/08 02:46 UT

Discovery
06/10/08 06:39 UT

Indonesia 2009 Chelyabinsk 2015

Carancas 2007
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1. Detection of Final-trajectory NEOs
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Top:  Simulated positions of objects 1 day from impact
Bottom: 3-m objects with V<22.7 (Veres et al. 2009)

All-sky coverage is 
necessary to detect NEOs 
within ~1 Lunar Distance.

 

V  20 allows:
D = 10m ≤ 2 days impact warning
D = 50m ≤12 days impact warning

1. Detection of Final-trajectory NEOs

A UK GWEM facility would 
add longitude coverage to 
ATLAS, discovering ~1m-20m 
NEOs and allowing orbit 
refinement for new objects.  
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2. Asteroid Lightcurves - Binaries, Spin-up and Collisions

0.06 and 10–220 m for a typical S-type albedo of 0.22. For those
objects with reliable rotation periods, the percentage of rapid
rotators is 78% or 42 of 54. An additional eight asteroids have

indeterminate rotation periods. As stated in Section 3.2 these re-
sults may be due to unresolved rapid rotation, very slow rotation,
low lightcurve amplitude, or low signal-to-noise. Though some of
these objects may be rapid rotators, the assumption of non-rapid
rotation for all eight gives a rapid rotation percentage of 68% or
42 of 62. Thus, a minimum of two-thirds of asteroids with H > 20
are fast rotating with periods significantly faster than 2.0 h.

Limiting the study to asteroids with H P 22 gives similar re-
sults. Fast rotators make up 77% or 37 out of 48 objects with reli-
able periods. Assuming all objects with indeterminate periods are
non-fast rotators produces a minimum percentage of fast rotators
of 60% or 37 of 62. Looking only at asteroids with H P 24 finds a
higher percentage of fast rotators; 86% or 19 of 22 objects with reli-
able periods and 79% or 19 of 24 periods if we include indetermi-
nate periods. Clearly four-fifths of asteroids smaller than H = 24 are
fast rotators. Non-fast rotators, some with periods as long as 10–
20 h, make up a small though significant fraction of the small aster-
oid population.

4.3. Diameters of fast rotators

Absolute magnitude (H) is often used as a proxy for diameter.
Its usefulness is limited for two reasons. One, though H is a mea-
sure of the total reflected light from an asteroid, a direct relation-
ship between H and diameter is not possible without some
knowledge of an asteroid’s albedo. Known values for albedo can
vary by a factor of ten. Two, H is a measure of the total reflected
light at a phase angle of 0!. Most observations of near-Earth aster-
oids are made at much larger phase angles resulting in an assumed
extrapolation to 0! phase angle. For many of the objects in this
study, both the absolute magnitudes and diameters are uncertain.

There are few fast rotating asteroids with well-determined
diameters. In all of these cases, this is the result of radar observa-
tions. For objects with no directly determined diameters, we have
determined a range of effective diameters based on H. As stated
above, the Minor Planet Center derived H values are extrapolated
from higher phase angles with an assumed phase parameter, G, of
+0.15 (Bowell et al., 1989). This value for G is the average for bright
Main Belt asteroids and may be in error for any particular object
(Lagerkvist and Magnusson, 1990). To account for this we have as-
sumed H values are in error by ±0.4 magnitudes. The effective diam-
eters listed in the LCDB lightcurve database have been used in
Figs. 55 and 57. When the actual albedo is not known assumed val-
ues are used for the following taxonomies; 0.06 for C-types, 0.18 for
X-types, 0.22 for S-types, 0.30 for E-types, 0.40 for V-types, and 0.22
for asteroids without a known taxonomy. In Fig. 57 asteroids with
H > 20 are plotted with their range of possible diameters. Objects
with no known taxonomy and X-types have an albedo range of
0.04–0.40 to cover most possibilities. S-types have an albedo range
of 0.18–0.26 while C-types have ranges of 0.03–0.09.

Three fast rotators have relatively large possible diameters,
2001 OE84 with a diameter between 470 6 D 6 820 m (Pravec
et al., 2002b), 2001 FE90 with a diameter between 265 6 D 6 594 m
(Hicks et al., 2009) and 2001 VF2 with a diameter between
145 6 D 6 665 m. The remainder of the fast rotators is consistent
with diameters under 400 m. Using the diameters based on the
nominal absolute magnitudes and albedos, the remainder is con-
sistent with diameters under 200 m. With the exception of 2001
OE84 and 2001 FE90, this result agrees with previous upper diame-
ter limits for fast rotators in Pravec and Harris (2000) and Whiteley
et al. (2002a).
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Fig. 55. The rotations periods of 4294 asteroids plotted against diameter. The
source of data and plot details are the same as in Fig. 54.
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Fig. 56. The rotations periods of asteroids with H P 16.0 plotted against absolute
magnitude (H). The source of data and plot details are the same as in Fig. 54.
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Fig. 57. The rotations periods of asteroids with H P 16.0 plotted against diameter.
Error bars for the diameter estimate are based on the uncertainty in the absolute
magnitude and albedo of each object (see Section 4.3 for details). The source of data
and plot details are the same as in Fig. 54.

208 C.W. Hergenrother, R.J. Whiteley / Icarus 214 (2011) 194–209

3.1.1. (1830) Pogson
We observed this system in three apparitions: from 2007-

04-18.4 to 2007-06-06.6, from 2008-09-02.8 to 2008-11-06.8,
and from 2010-02-20.6 to 2010-04-08.7. In all the three appari-
tions, the lightcurve data revealed two rotational components with
superimposed mutual events. The two rotational components have
periods of (2.57003 ± 0.00006) h and (3.2626 ± 0.0004) h (the
uncertainties are 1r) with apparent amplitudes of 0.10–0.12 and
0.03 mag, respectively. Both rotational components are present at
all orbital phases including mutual events, with unchanged shape
in the event. The fact that the second rotational component does
not disappear in mutual events indicates that it is not a rotation
of the secondary. We consider that it may rather belong to a third
body in the system.2 This proposed explanation will have to be con-
firmed and a size and distance of the third body will have to be esti-
mated with future observations.

A solution for the pole and period of the mutual orbit given in
Table 1 and shown in Fig. 6 was obtained by fitting our model to
the data for the orbital lightcurve component, derived with sub-
tracting both rotational components, from all the three apparitions
simultaneously. We analysed an effect of possible presence of the
third body on our modeling and estimated parameters. The size
ratio D2/D1 = 0.30 ± 0.02 that was estimated from the depth of
the secondary mutual event becomes a lower limit if there is a
third body contributing to the total light of the system. Thus, in
addition to running our orbit modeling with the size ratio estimate
of 0.30 that corresponds to a zero or negligible size of the third
body, we run the model also for a few cases with the third body
having a diameter in the range from zero up to D1. We found that
the presence of the third body had a negligible effect on the esti-
mated orbit period, but it affected the estimated orbit pole area.
The admissible area of the pole shrinks by up to a factor of three
with the third body’s diameter increasing up to the diameter of
the primary (see Fig. 6).

3.1.2. (2006) Polonskaya
We observed this system in three apparitions: from 2005-

11-01.0 to 2005-12-07.1, from 2008-06-04.3 to 06.4, and from
2010-01-10.1 to 2010-02-22.3. Mutual events were observed in
the first and the third apparition only. In the second apparition,
we covered 61% of the orbit and there did not occur mutual events
with depth greater than 0.02 mag.

In all the three apparitions, the lightcurve data revealed two
rotational components (with superimposed mutual events in the
first and the third apparition). The two rotational components have

Fig. 2. Area of admissible poles for the mutual orbit of (1338) Duponta in ecliptic
coordinates. The north pole of the current asteroid’s heliocentric orbit is marked
with the cross. This area corresponds to 3r confidence level.

Fig. 3. Sample of the orbital lightcurve component’s data of (1338) Duponta in
apparitions 2007 and 2010. The observational data (points) are plotted together
with the synthetic lightcurve for the best-fit solution (curve). The data sets from
different dates are vertically offset for clarity, and different symbols are used for
them to avoid confusion. The epochs of the origins of each curve (JD0) are listed in
the right column. On the first and third curves from the top, the minima are shown
in an order opposite (i.e., first the secondary and then the primary event) to the
other curves.

Fig. 4. Area of admissible poles for the mutual orbit of (1453) Fennia in ecliptic
coordinates. The south pole of the current asteroid’s heliocentric orbit is marked
with the cross.

2 An alternative explanation of that the apparent second rotational period could be
due to an excited rotation of the primary is not supported as the data do not show a
significant signal at linear combinations of the two observed frequencies; the two
rotational components appear purely additive (cf. data for tumbling asteroids in
Pravec et al. (2005)).

130 P. Pravec et al. / Icarus 218 (2012) 125–143

~4500 asteroids with lightcurves to 
date.

Science to be done depends on 
cadence + sky coverage.

Requires near-ecliptic fields.

Lower cadence + all-sky gives sparse 
lightcurves on 104 - 105 asteroids 
(ATLAS).

Fast cadence + low coverage gives 
detailed lightcurves on ~103 asteroids.

Pravec et al. 2012

Hergenrother et al. 2012
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2. Asteroid Lightcurves - Binaries, Spin-up and Collisions
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(596) Scheila ~1 week after 
collision.

Predicted magnitude increase 
1 hour after impact by small 
asteroid.

Larson et al. 2010
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3. Comet Lightcurves - Lifetimes and Outbursts

29P: Trigo-Rodriguez et al. 2010

1684 J. M. Trigo-Rodrı́guez et al.

Figure 1. Photometric coverage using the different Johnson–Kron–Cousins filters during the monitored period. Error bars are not shown at the present image
resolution, but magnitude accuracy was found to be better than 0.05 mag.

Table 2. Specific details of the detected outbursts. The peak amplitude denotes the approximate time required for the comet to reach
the maximum brightness (up) or to return (down) to a quiescent stage. This value is only given for those cases in which the outburst is
well covered. Tentative values in the case of poor coverage are given in parentheses.

Outburst date Julian date Peak Observed peak R Magnitude Peak semi-amplitude (d)
label magnitude (mag) increase (mag) Up Down

2008 Jan 14.8 245 4480.4 A +12.4 3.8 – 39
2008 Mar 13.8 245 4539.3 B +14.2 2.0 – 23
2008 Sep 25.1 245 4734.6 C +11.8 4.1 – 57
2008 Dec 23.2 245 4822.7 D +12.5 3.3 16 –
2009 Jan 3.1 245 4834.5 E +12.6 1.0 – 24
2009 Feb 8.8 245 4871.4 F +12.7 2.7 13 10
2009 Feb 21.7 245 4884.3 G +13.3 1.3 4 31
2009 Apr 22.8 245 4944.3 H +14.8 1.4 30 (23)
2009 Sep 23.1 (245 5097.6) I (+13.9) (2.0) – 20
2009 Nov 10.2 245 5145.6 J +13.5 2.4 28 40
2010 Feb 3.2 245 5230.7 K +11.7 4.3 46 –
2010 Apr 16.8 245 5303.3 L +12.7 3.5 30 (19)

C! 2010 The Authors. Journal compilation C! 2010 RAS, MNRAS 409, 1682–1690
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What fraction of comets 
suffer regular significant 
outbursts, and how do 
these correlate with orbit 
and evolution?

> 30 comets/night

Accurate mass-loss 
estimates of active comets 
throughout the Solar 
System.

Possible ~daily monitoring 
around the orbit.Battams 2013 (http://sungrazer.nrl.navy.mil)

Wednesday, 14 August 13

http://sungrazer.nrl.navy.mil
http://sungrazer.nrl.navy.mil


GWEM Meeting, Warwick University 13 Aug 2013Solar System Science - Alan Fitzsimmons, QUB

Solar System Science with a
GWEM optical facility

Possible science programmes include:

1. Discovery and tracking of cis-lunar and sub-lunar small 
NEOs.

2. Discovery of binary asteroids, YORP targets and collisions 
via lightcurve measurements of >103 –104 asteroids.

3. Activity monitoring of ~102 comets, outburst fractions and 
accurate sublimation profiles.

Software already exists for moving object detection (MOPS),
being optimised for ATLAS.
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