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Introduction:  Prior to the discovery of a cometary 

tail on 133P/Elst-Pizarro in 1996 [1], all objects lo-
cated within the main asteroid belt were thought to be 
devoid of volatiles.  Several objects have since been 
found that exhibit similar properties as 133P and have 
been termed Main Belt Comets (MBCs) [2].  The ori-
gin of the comet like activity seen in MBCs is not well 
understood.  Understanding when these objects are 
active and coupling that information with their spin 
parameters is key to characterizing the physical proc-
esses behind the activity of MBCs. Because of the im-
portance of understanding the origin of terrestrial wa-
ter, for our solar system as well as extrasolar planetary 
systems, exploration of this new class of objects con-
taining a heretofore unexplored source of icy volatile 
material is a compelling motivation for Discovery-
class missions.  

We are using observations taken during the fall of 
2008 and 2009 as well as published results from [2] 
and [3] data, creating a data set that spans seven years.  
We have found evidence of a faint dust tail in the com-
posite images of our 2008 data set,extending the previ-
ous baseline of observed activity. Data from November 
2009 show no evidence of dust production in deep 
images.  Using the entire seven year data set, we were 
also able to refine the phase function and constrain the 
rotational pole orientation of 133P. 

 
Fig. 1 – Image of 133P/Elst-Pizarro obtained Oct. 

27, 2008, showing a faint, but long dust trail.  The tail 
is lying in the direction that 133P/Elst-Pizarro is orbit-
ing. 

 
Dust Activity: Previously, 133P has been observed 

to be active up to a true anomaly of 89°.  Individual 
images from our 2008 and 2009 runs do not show any 
signs of a dust trail, so to search for faint activity com-
posite images were created from each night's observa-

tions.  Composite images like the one shown in Figure 
1, shows a faint dust tail in our 2008 data set, hinting at 
recent activity.  The composite image contains a long, 
thin dust trail, which visually extends across 2.29 arc-
minutes, corresponding to a distance of 2.2 x 105km.  
Although we still are obtaining data on 133P, compos-
ites from our November 2009 data do not show any 
activity.  We have detected evidence of activity out to 
a true anomaly of 109°, extending the baseline over 
which 133P is known to be active by 20°.   Figure 2 
shows the seven year data set as a function of true 
anomaly, ν.  Limits on the amount of dust production 
will be discussed. 

 
Fig. 2 – The orbit of 133P and the 2002, 2007, 

2008 data plotted as a function of true anomaly. 
 
Phase Function:  The 2008 and 2009 data sets will 

allow us to refine 133P's phase function, having 
reached opposition in November 2008 and December 
2009.  To build the phase function, the effects of rota-
tion are removed from each light curve by averaging 
the maximum and minimum peaks for nights where 
they were apparent.  Using our 2008 data set, this al-
lowed us to compute six midpoints for the fall's light 
curves, which were coupled with 2002 and 2007 pub-
lished values [2][3]  A linear least squares routine was 
fit to all the data points and we found β=0.048±0.004 
mag deg-1.  To see if there was any observed opposi-
tion surge, a fit was also applied to all the points α > 2. 
This resulted in β=0.037±0.005 mag deg-1 which sug-
gests that we are detecting a surge in brightness as 
133P reaches opposition.  The upcoming 2009 and 
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2010 observations will further refine the phase func-
tion, allowing us to look for more evidence of an oppo-
sition surge. Low albedo objects tend to show moder-
ate to small opposition [4], which is consistent with the 
phase functions reported here, and the suggestion of an 
opposition surge. This information is important for 
thermal conductivity calculations and survivability of 
water ice in these bodies. 

Pole Orientation: A previous attempt had been 
made to constrain the rotation pole for 133P, but sev-
eral degenerate solutions were found [5][6].  In order 
to find a specific pole solution, data at many various 
observing geometries is necessary.  With a larger eclip-
tic longitude coverage, we are attempting to remove 
this degeneracy. The 2002, 2007, and 2008 data sets 
cover a longitude range of 101°, and were used to 
compute the pole solution with the light curve inver-
sion software, convexinv, developed by Mikko Ka-
saalainen and Josef Durech. Convexinv is a fast ray-
tracing algorithm that to simultaneously solves for the 
shape, spin and scattering model of an asteroid. 

 
Fig. 3 – Plot of pole solutions calculated using 

convexinv, marked in blue for period corresponding to 
3.471 hrs and green for 3.4709 hrs, red for Toth's esti-
mates, and the region within the dashed squares shows 
Weiler recent estimates. 

 
The software was run holding the rotation period 

fixed to 3.471 and 3.4709 hours.  Figure 3 compares 
these values with Toth et al.’s and Weiler et al.’s pub-
lished values [5][6].  The large scatter in pole values as 
well as the inconsistent values between all published 
results, leads us to conclude that although we have a 
much larger longitudinal coverage, the geometric sam-
pling of the data is still too sparse, and we are unable 
to well-constrain the pole axis of 133P with the 2002, 
2007, and 2008 data sets. However, it should be noted 
that most of the solutions are producing poles at low to 
mid-range ecliptic latitudes, i.e.the rotation pole for 
133P has a non-zero obliquity (it is tilted over).  This is 

important in the case of 133P because a non-zero 
obliquity is required if seasonal effects are responsible 
for activity modulation [7].  With 133P coming to op-
position in late December 2009, we will have data at 
another apparition, allowing us to further constrain 
133P's rotational pole orientation.   

Results: Using photometric lightcruves of 
133P/Elst-Pizarro obtained over a seven year period, 
we are attempting to characterize the nucleus of this 
main belt comet.  Our new insight into the longevity of 
activity in 133P, as well as the surface properties and 
non-zero pole orientation provide us with important 
clues about the origin of main belt comet activity.   
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