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1) Purpose of the visit
Finding sprites and other relatively small signals within vast amounts of infrasound data requires a great deal of experience in working with infrasound.  Some of the programs used in infrasound data analysis, including progressive multi-channel correlation (PMCC), have many minute settings, the correct configuration of which depends entirely upon the experience of the user in knowing how certain observation conditions affect the results.  
The purpose of this visit was to receive training and guidance from experts in the interpretation of infrasound waveform analyses.  The guidance was then to be applied to analysis of data from the Israeli infrasound network corresponding to the times sprites were observed by an Israeli optical network, in order to find the infrasound signatures of these sprites.  If found, these would constitute the first such sprite observations in the region.  

2) Description of the work carried out during the visit
David brought with him to France three years of infrasound data observed by the Israeli infrasound network.  He also brought with him the database of sprites observed by the ILAN (Imaging of Lightning and Nocturnal flashes) science team.  This database includes the GPS time, azimuth, and approximate distance of sprites from one of two optical imaging systems, located in Tel Aviv and in the Negev desert.  After receiving training in the proper analysis of infrasound waveform data, including in the use of various programs used by the infrasound community, David then worked on trying to determine which sprites occurred during times when infrasound observation conditions were ideal for the interception of signals generated at the sprites' recorded location.  Once a list of appropriate candidate sprites was compiled, a simple infrasound propagation model was constructed in order to calculate the arrival time of the proposed infrasound signal from each candidate sprite.  Then, the infrasound data from both Israeli infrasound stations were examined in order to find whether the signals from the sprite in fact appeared.  This process was then repeated for all reasonable candidate sprites.  
   
3) Description of the main results obtained

Several interesting results were obtained:

1. The deep convection, lightning activity, and movement of a thunderstorm were clearly visible in the infrasound data from the winter of 2012.
2. Several infrasound signatures were directly attributable to sprite activity.  These signals were consistant with Farges and Blanc 2010.  They lasted several tens of seconds, and they displayed a characteristic dispersion that occurs because sprites are so large and occur over many altitudes.  The higher frequencies arrived before the lower frequencies, since the higher frequency signals are generated at lower altitudes.  In addition, according to the propagation calculations, the sprites occurred at the correct azimuth and the correct time in order to be consistant with the observed infrasound signature.

3. As a happy accident, while looking for sprites, it was noticed that volcanic explosions originating from Mt. Etna, in Sicily, were clearly visible in the winter infrasound data.  This will add significantly to the European ability to observe this activity in winter, when conditions are favorable for eastern propagation of infrasound waves.
2. It was determined that only the northern of the two Israeli infrasound stations could be used to search for sprites.  The southern station's aperture is too large to intercept signals in the frequency range (2-4 Hz) at which the sprites' signals were observed.  We can either continue to use this station in order to search for extremely long period signals such as gravity waves, or we can accept recommendations for how to adjust the locations of the station's array elements in order to be more useful for scientific applications.  

4) Future collaboration with host institution (if applicable)

Due to security concerns, only a small portion of the data were allowed to be analyzed on the host institutions computers.  Therefore, it will be necessary to make one or several repeat visits in order to gain a complete picture of how thunderstorm activity in the eastern Mediterranean is visible (or not) in the Israeli infrasound network's data.  We will also be collaborating in order to gain the host institution's recommendations for how the southern of Israel's two infrasound arrays may be adjusted such that it is more useful for scientific applications like infrasonic studies of atmospheric electrical activity.
As an accidental benefit of this visit, we will also continue collaborating with the host institution regarding its observations of Mt. Etna's explosive activity in infrasound.  Specifically, in winter, when stratospheric wind conditions favor eastward propagation, infrasound stations in western Europe (to the west of Mt. Etna) have had difficulties in observing Mt. Etna's infrasonic activity.  It was previously assumed that Israel was too far away to observe this activity.  However, now that it has been confirmed that this activity is very clearly observed from Israel, we will be providing observations in winter so that a year-round picture of activity can be understood.

5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)
Although that sprites can produce infrasound has been known and has appeared in the literature since at least 2005, the fact remains that much work can be added to the observation record of such events.  Specifically, we intend to publish this work as an example of what can be done when there exists a precise database of both sprites and infrasound data.  This is the first time sprites have been observed in this way in the eastern Mediterranean, a region ideal for sprite observations due to its thunderstorms occurring in winter, when there are fewer hours of daylight.  Furthermore, we will be publishing the methods we used in order to do this, namely, finding the precise azimuth of the sprite within the 14 degree-wide field of view of the camera.   

As a consequence of the findings related to Mt. Etna, we further expect that material from this collaboration will begin to appear in publications relating to that subject.   
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