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1. Extended Abstract 
 
Terrestrial Gamma-ray Flashes (TGFs) are the manifestation of the most energetic natural particle acceleration phenomena 
taking place on Earth, in thundercloud electric fields. Although extremely bright and detectable from space hundreds of 
kilometers from the source region, TGFs are only one manifestation of a broader class of phenomena that involves 
acceleration of electrons and positrons in thunderclouds up to relativistic energies and production of photons of energy up to 
several tens of MeV. In fact, thunderclouds appear to produce ionizing radiation on several time scales, from microseconds to 
minutes, that can be observed from ground, aircraft and space. However, although there is a general consensus on the basic 
theoretical framework, after more than 20 years of research in this field several fundamental questions are still open, 
including:  how much of the thundercloud energy is dissipated in the high-energy radiation channel? Do these high-energy 
phenomena have any influence on atmospheric chemistry and dynamics? The very same definition of TGF is debated. 
Moreover, the observational scenario is hampered mostly by sparse observations: space observations have global coverage 
but are limited to bright transient events (TGFs), ground observations are limited to specific spots on Earth equipped with 
suitable instrumentation, and subject to peculiar thunderstorm characteristics, in situ observations by aircraft are still very 
rare, and experimental activities in a controlled laboratory environment cannot achieve the electric field and voltage 
conditions at play in thunderclouds. 
 
Given this complex scenario, a synergic approach including observations, theoretical modeling and experimental activities is 
needed to overcome the observational limitations. In this frame, we will present the latest results achieved within the 
Birkeland Centre for Space Science, including observations and modeling of TGFs detected by AGILE and weak TGFs 
detected by RHESSI, aircraft observations of gamma-ray glows, radio signals from TGFs, and the theoretical modeling of 
radiation production by lightning leaders and streamers encounters. All these activities are also functional to the scientific 
exploitation of the ASIM mission, to be launched late 2017. 
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