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X-ray production has been unambiguously observed in case of natural downward lightning and
artificial rocket-and-wire lightning (e.g., [11,[2]). In the case of natural upward lightning, strong x-ray
bursts have been observed from one event initiated from a wind turbine in Japan [3]. Low-energy x-
rays have also been observed from upward flashes at the Gaisberg Tower in Austria [4].

We present data associated with five negative upward flashes occurred at the Santis Tower in
Switzerland in 2020. The data consist of simultaneous measurements of x-rays from two different
sensors, lightning current measurements at the tower and nearby electric field observations. X-ray
emissions were observed prior to some of the return strokes in two out of the five flashes.

The observed X-rays, which were observed just prior to the return stroke phase, are characterized
by initial bursts of some hundreds of keV, followed by a rapid increase to values exceeding 1 MeV,
less than a microsecond before the initiation of the return stroke.

All of the observed X-ray events occurred for return strokes with relatively large peak currents
(greater than 8 kA), which were preceded by high electric field changes. For that reason, our
electric field sensor was saturated in most cases at about 5 microseconds prior to the initiation of
the return stroke. The dynamic range of the electric field sensor has now been modified to avoid
saturation, allowing to better identify the origin of the x-ray emissions in our future events.

For two out of the five analyzed upward negative flashes, we have also observed x-rays during the
development of the dart leader phase. These observations are characterized by bursts with energy
levels of several tens to hundreds of keV during the earlier phase of the dart leader process and
exceeding 1 MeV during the late phase.
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