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The high elevation (~3200m) of Mount Aragats provides a good opportunity to detect thunderstorm-correlated particles, which attenuate rapidly in the atmosphere. We measure fluxes of the TGE electrons and gamma rays with intensities ~10 times above the cosmic ray background, thus, proving the existence of the runaway mechanism in thunderstorm atmospheres. Both electron spectra measured on September 19, 2009 and October 4, 2010 are exponential. The gamma ray spectrum in the energy range 5–10 MeV (4 October 2010 TGE) also is better fitted to the exponential function, in agreement with our model of TGE. The estimated mean energies of the electron integral spectra are equal to ~2.3 and 3.3 MeV for October 4, 2010 and September 19, 2009 TGEs. The mean energy of the gamma ray differential energy spectrum in the energy range of 5–10 MeV is estimated to be 3.8 MeV. In 2011 a new particle detectors with lower energy threshold were installed. Measured energy spectra of the several TGEs reveal significant electron fluxes extended from 2 MeV till 30-40 MeV. Measured in the one and the same event gamma ray and electron fluxes allow to estimate the height of the thundercloud above the detector. Proceeding from the integral energy spectra and the height of the cloud we estimate the electron spectra on the exit from the electric field of the thundercloud, number of electrons in the cloud and avalanche multiplication rates. Correlations of TGE particle increase with lightning activity, near surface electric field, atmospheric pressure and rain rate are presented as well.
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Electrical fields in thunderclouds effectively transfers field energy to electrons; electrons generate gamma rays and gamma rays by photonuclear reactions born neutrons During thunderstorms at Mount Aragats, hundreds of Thunderstorm Ground Enhancements (TGEs) comprising millions of energetic electrons and gamma rays, as well as neutrons, were detected. Observed large TGE events allow for the first time to measure the energy spectra of electrons and gamma rays well above the cosmic ray background. To explain the origin of these events we introduce 2 component model of the TGE: the RRE avalanches in energy domain up to 30–40 MeV and Modification Of energy Spectra (MOS) process operating on all energy scales and providing an extension of gamma ray energy spectra up to 100 MeV. The RREA process can multiply particle flux up to 10 times above ambient background of secondary cosmic rays; the MOS process can provide several percent excess above cosmic rays, however, for the much higher energy. Most of TGEs occur in the large negative near surface electrical field and particle flux is accompanied with intracloud lightning occurrences (IC-) and suppression of cloud-to-ground lightning occurrences (CG-). The measured structure of lightning occurrences supports creation of developed lower positive charge region (LPCR) as a fundamental condition of TGE origination.

Detection of runaway electrons – a journey 100 years long
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In the beginning of last century C.T.R. Wilson proposes that strong electrical field of the thunderclouds might accelerate electrons to very high energies. However, this and many other electromagnetic processes in our atmosphere are poorly understood till now; the key questions about the thundercloud electrification and lightning initiation remain unanswered. During recent decades several observations of gamma ray, electron and neutron fluxes correlated with thunderstorms were reported. Nonetheless, the origin of these fluxes is under debate till now. The direct registration of the particle showers initiated by the runaway electrons (the most popular theory) was missing. We present the experimental evidence of the microsecond duration electron bursts originated from runaway electrons accelerated in thunderclouds. The first direct experimental observation of the RREA process was made at Aragats in 2009 with a network of 16 plastic scintillators distributing on the area of ~ 1000 m2 registering 8-fold enhancement of particle showers during maximal flux of TGE. The statistical analysis of ~200 detected particle showers reveal their systematic difference from the Extensive Air Shower (EAS) events: the density was much lower and spatial spread of the electrons was much more uniform (particle distribution in EAS has characteristic bell-like form).  The particle showers from the thunderclouds were named – Cloud extensive showers (CESs). A SEC phenomenon is very rare: only 3 largest TGEs from 300 were accompanied by SEC observation. CESs originated from individual runaway electrons accelerated in the cloud just above the detector. RREA (CES) phenomenon is very local and depends on the height of cloud above detector and on the strength of electric field in it. Both parameters are fast changing and only during several minutes cascades from runaway electrons can be developed enough to cover several thousand square meters of surface. Only very suitable location and large sizes of the scintillators allows detect CES on Aragats and for the first time prove existence of RREA phenomena. 
