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Introduction: In 2005, Weisberg et al. described millisecond time scale pulsing in a hydroxl (OH) cloud due to pulsar stimulation [1]. Ramachandran et al. found that observation of short term variability in OH masers was not likely caused by interstellar scattering [2].  Additionally, J. M. Cordes indicated that masers could be a useful tool for extraterrestrial intelligences to boost signal strength [3].
Obsevations of 6.7 GHz methanol (CH3OH) maser emission were gathered by the Allen Telescope Array (ATA) between July 18 and December 18, 2010.  The goal of this SETI Institute REU project is four-fold.  First, we needed to reproduce results found during the previous Summer’s REU showing short time scale variability in two masers, G49.49m and G23.01m.  Second, we want to find more masers that demontrate variability. Out of the 53 additional observations analyzed we have so far succeeded in finding one more variable maser,  G12.68m.  Third, we want to apply non-traditional methods of analysis to the masers we find to see if they tell us anything new.  Lastly, we hope to someday find out what is causing any variability observed, be it pulsars, interstellar medium fluctuations, or stellar variability. 
Project Summary:  Results for G49.49m and G23.01m were successfully reproduced.  Additionally, variability in G49.49m was found in a more recent observation.  In order to verify the previous findings, several techniques have been utilized.  First, ATA data is reduced and a waterfall plot is created (Figure 1 is a waterfall plot of G12.68m).  This allows one to make sure that the data is not contaminated by excessive Radio Frequency Intereference (RFI) or other unforeseen problems with the observation.  Additionally, variability can occassionally be seen in this initial plot.  Next, a Fast Fourier Transform (FFT) of the data is taken to check for any power frequencies that may be present in the data.  If variability is present, Power vs. Time plots were then created to compare the Signal to Noise Ratio (SNR) of the maser line to Noise to Noise Ratio (NNR) from the same observation.  A filter was used to smooth the results for easier visual analysis (this tends to introduce a slight sinusoidal variation in the smooth curve).  Figure 2 and 4 show a Power vs. Time and FFT comparison, respectively, of the SNR and NNR of G49.49m.  The observation was taken on December 18, 2010.  Low frequency variability can clearly be seen.
Next, we systematically applied these analyses to the rest of the maser observations.  We managed to find one more variable maser, G12.68m.  Figure 4 is a waterfall of the August 8, 2010 observation, and Figure 5 is the Power vs. Time for the same maser on December 18, 2010.  The “U”-shaped dip at the end the SNR plot was found not to be caused by variability, but instead by power change across frequencies in the observation.  This is shown in Figure 6, which compares the SNR to pure noise.
We decided to try a new type of analysis that we hope may give insight into what causes this short term variability.  Unlike a standard FFT, Continuous Wavelet Transforms (CWTs) can be used to look for changes in periodicity over time in a maser’s power.  Regular, long term periodicity, which can be caused by something like pulsar-stimulation, would show up as a solid bar across time in this analysis.  Figure 7 is a CWT of G12.68m using a “Morlet” wavelet for both the SNR and NNR time series.
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Figure 1: G12.68m, August 7, 2010
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Figure 2: G49.49m, December 18, 2010
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Figure 3: G49.49m December 18, 2010
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Figure 4:  G12.68m, December 18, 2010
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Figure 5:  G12.68m, December 18, 2010
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Figure 6:  December 18, 2010 observation.
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Figure 7: G12.68m, December 18, 2010
Future Research:  There is much work yet to be done for this project.  We have yet to finish analyzing all of the 6.7 GHz maser data.  Additionally, all analyses were done with 1 second resolution.  For stronger masers, less that 1 second resolution analyses are possible, which may be necessary to find variability caused by pulsars.  Once a catalog of variable masers is developed, we must then try to find out was is causing the variability.  Customization of the CWT, such as through the use of different wavelets, may also be necessary to better pick out changes in periodicity through the noise.
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