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Finding Short-Term Variability in Methanol Masers
BACKGROUND
Astrophysical masers are a fascinating subject of study.  “Maser” stands for “Microwave Amplification by Stimulated Emission of Radiation” (much like the lasers most of us are more familiar with).  In a typical laser, stimulating visible light is repeatedly reflected through an energized gas.  This gas then emits more photons of the same frequency, resulting in light amplification.  This can be done with microwaves both in the laboratory and in space, resulting in a maser.  Astrophysical masers do not have the ability to repeatedly reflect the incoming radiation, but nonetheless amplify the light.  The phenomena I am studying are 6.7 GHz methanol (CH3OH) masers.  A source, such as a pulsar or a star, provides the incoming photons and a CH3OH gas cloud amplifies this radiation.
MOTIVATION

Variability has been previously observed in astrophysical masers, though, with the exception of Weisberg et al., it has typically been observed on time scales of hours, days, and months [1].  Little work has been done analyzing short-term variability in these masers on timescales of minutes or less.  
This topic is of mathematical interest for several important reasons with regards to signal analysis: 
1.  Extracting information from signals with multiple sources of noise
All observations are contaminated with some noise, and some require high integration times in order to coax the maser line out of the data set.  This noise can be amplified across all frequencies, or, in more difficult cases, asymmetrically across frequencies.  This makes taking Signal to Noise Ratios (SNRs) of the maser line particularly difficult since the change in power over an observation of noise may vary drastically compared to the noise in the observation of the maser.  Additionally, Doppler shift in the frequency of observed light due to the Earth’s rotation adds yet another level of complexity to these analyses.  I will be learning how to correct for these issues, particularly with regards to Doppler shift.  This is necessary if the signal is to be properly analyzed.  I will be using simulated data to understand how the signal analysis techniques affect my results.

2. Applying Wavelet Analysis to the understanding of maser variability 
As far as I have seen, this method has not yet been used in the study of maser variability.  I started to learn about this technique while participating in Dr. Wearing’s group where this technique is frequently used in the study of disease time series.   I am continuing to learn about the theoretical and applied aspects of the continuous wavelet transform (CWT).  Typically, a Fast Fourier Transform (FFT) is used on the power time series of the maser to see what frequencies are present.  This method does not take into account changes in periodicity over time.  When a CWT is applied to the maser time series, one can see not only the frequencies initially observed in the FFT, but also how they change over time.  The CWT should be able to distinguish between strong, stable periodicity from sources such as a pulsar and other, less stable changes.  I am currently trying to working on the best way to apply the CWT when cleaning up the observation data.  I have data for three variable masers, and I have tested the use of the CWT on two of them, with intriguing results.  However, more data is needed to properly assess the cause of the variability and the usefulness of this technique, but I am confident that it will prove invaluable.

Refinement of these signal analysis techniques, and any others we may run into, will hopefully allow us to determine what may be causing this strange short timescale variability.  Once properly applied to the study of astrophysical phenomena, I hope that one day CWTs will be a useful tool in the search for SETI signals.  
[1] Weisberg J. M. et al. (2005) Science, 309, 5731. 

