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The satellite mission TARANIS funded by the French space agency (CNES) will study impulsive 
couplings in the atmosphere-ionosphere-magnetosphere system resulting from thunderstorms. Brief 
flashes of gamma-rays (~100 µs) are produced by terrestrial thunderstorms. They have been 
serendipitously discovered by the Compton Gamma Ray Observatory (CGRO) initially launched to 
observe high-energy celestial sources. These events have been later observed by the satellites 
RHESSI (NASA), AGILE (ISA), and Fermi (NASA) and are referred to as terrestrial gamma-ray flashes 
(TGFs). The discovery of these phenomena has dramatically challenged our understanding of 
thunderstorms and their interactions with the near-Earth environment. TGFs are now recognized to 
produce secondary high-energy electron and positron beams through Compton scattering, 
photoelectric effect, and electron-positron pair production. These electrons and positrons are rapidly 
trapped in the geomagnetic field. They represent a yet-to-be-quantified source of high-energy (>1 
MeV) particles in the radiation belts. In the present project, we propose to improve the understanding 
of these phenomena and observing strategies through the development of dedicated models. 
 
On board TARANIS, the instrument XGRE will detect photons with energies from 20 keV to 10 MeV 
and high-energy electrons from 1 to 10 MeV. Its design will allow to discriminate electrons from 
photons. TARANIS will also have an instrument (IDEE) dedicated to the detection of electrons with 
energies from 70 keV to 4 MeV in order to characterize electron beams produced by TGFs and those 
trapped in the radiation belts. 
 
In order to maximize the scientific return of the TARANIS mission, we propose to quantify measurable 
characteristic signatures (temporal and spectral) of electron/positron beams produced by TGFs using 
numerical modeling. In particular, this effort will be of great interest to analyze the observations made 
by instruments on board TARANIS as well as to optimize observation strategies (trigger algorithms, 
etc.). The methodology that we will apply will be based on the improvement of Monte Carlo models 
simulating the production of high-energy electrons and positrons by TGFs, their confinement in the 
geomagnetic field (inner belt), and their subsequent precipitation in the atmosphere. On the one hand, 
we will use these models to document the expected signatures on the instruments XGRE and IDEE as 
a function of physical characteristics of production mechanisms predicted by different theories, on the 
other hand we will develop observation strategies to maximize the detection rate of these events. The 
originality of the proposed effort is to take advantage of the synergistic nature of the whole set of 
instruments on board TARANIS. Indeed, we will use the models developed in the course of this study 
to quantify the electromagnetic and optical signatures of TGF sources and their associated secondary 
electron and positron beams.  
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