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Purpose: Cometary activity in main-belt asteroids 

probes the ice content of these objects and provides 
clues to the history of volatiles in the inner solar sys-
tem. We search the Palomar Transient Factory (PTF, 
http://www.astro.caltech.edu/ptf, [1], [2]) wide-field 
synoptic survey, using an automated extended-object 
screening procedure on all detected known and new 
moving objects, to refine the statistical upper limits on 
the population size of main-belt comets (MBCs, [3]). 

Observations & Method: Using PTF detection-
level data collected from March 2009 through July 
2012, we employ a kd-tree based small-body observa-
tion extraction scheme. We have extracted ~2 million 
observations of ~220 thousand known main-belt ob-
jects (40% of the known population, down to ~1-km 
diameter, 90% of which are seen on fewer than 10 
nights), and ~16 thousand observations of  ~1,500 
newly-designated objects confirmed by the Minor 
Planet Center on the basis of multi-night discovery 
observations. 

We present an empirical means of quantifying the 
“extendedness” of a small-body observation, account 
for systematic variation in this metric (e.g., due to on-
sky motion) and evaluate this metric's robustness in 
identifying cometary activity, based on PTF observa-
tions of 129 known comets, two known candidate 
MBCs, and 5 newly-discovered non-main-belt comets 
(including two originally designated as asteroids by 
other surveys).  

 

 
 
Figure 1: Filled gray plots show normalized orbit and size distribu-
tions of known main-belt objects from the JPL Small-Body Database 
at http://ssd.jpl.nasa.gov. The red plots show the fraction of each bin 
which is included in our PTF known-object sample. Sampling with 
respect to the orbital elements is virtually flat at 40%. The ranges of 
values plotted well-encompass those of the known main belt. 

 
 
Figure 2: Known candidate MBCs in PTF, both robustly flagged by 
our extendedness detection algorithm. Each image is 2ʹ  2ʹ (pixel 
scale 1.01ʹʹ). Left: P/2010 R2 La Sagra in R-band (R~18.5 mag) on 
2010-08-19, with its tail extending towards the top left. Right: 
P/2006 VW139 Spacewatch in gʹ-band (gʹ~20 mag) on 2011-12-21, 
with its two oppositely oriented tails discernible by eye. 

 
Statistical Conclusion: We find a 66% detection 

efficiency with respect to the distribution of extended-
ness levels seen in the ~100 known non-main-belt 
comets in our data set, and a 100% efficiency with 
respect to extendedness levels greater than or equal to 
those we observe in the two known active candidate 
MBCs P/2010 R2 La Sagra [4] and P/2006 VW139 
Spacewatch [5]. 

Given our two active MBC detections and a log-
constant prior that assumes the existence of at least 
two MBCs, following the Bayesian approach of [6] we 
derive a Poissonian posterior probability distribution, 
from which we compute 95% confidence upper limits 
of 33 and 23 active MBCs (per million main-belt ob-
jects down to ~1-km diameter), for detection efficien-
cies of 66% and 100%, respectively. These limits are 
slightly lower than the 40  18 active MBCs per mil-
lion main-belt objects previously found by [7], whose 
sample size was an order of magnitude smaller than 
ours. In a follow-up to this morphological search, we 
will perform a photometric (disk-integrated flux varia-
tion) search for MBCs over orbital-period baselines. 
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