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(3832) Energetic radiation associated with lightning and thunderstorm
Our collaboration between the University of California, Santa Cruz (UCSC) and Prof. Masashi
Kamogawa at University of Shizuoka has deployed two gamma-ray detector systems at the Mt. Fuji
research station in the summer of 2022 to study the dramatic but poorly understood phenomenon
of Terrestrial Gamma-ray Flashes (TGFs), brief flashes of gamma rays produced in some lightning
flashes. TGFs can be so bright that there would be a significant health risk from the radiation for
someone located right at the central part of the event where the radiation is generated (Dwyer et
al. 2010). Fortunately, TGFs are relatively rare.

Most TGFs that we know about have been observed from spacecraft, because they can observe up
to 1 million km2 of Earth’s surface at a time (Fishman et al. 1994). But these TGFs are nearly all
from upward intracloud lightning, and tell us nothing about when and how often TGFs are
produced deep in the atmosphere and pointing downward at the ground.

A mountaintop site like Mt. Fuji that hosts many thunderstorms is an ideal place to look for
downward TGFs, since the high altitude puts you close to the center of the storm and the gamma
rays aren’t attenuated by distance and absorption in air. While Japan has been the biggest world
center for TGF detection from the ground in recent years (see, for example, Umemoto et al. 2016,
Wada et al. 20??, Enoto et al. 2017, Bowers et al. 2017), these events were detected during
powerful winter thunderstorms in the northern coast of the Chubu region. This project (in its 4th
season) is the first search for downward TGFs in summer thunderstorms at Mt. Fuji. The two
detector systems are named GODOT (for Gamma-ray Observations During Overhead
Thunderstorms) and THOR (Terrestrial High-energy Observations of Radiation). GODOT is the
older system (having first come to Japan in 2015), and this is the first year for THOR, which has
several improvements.

This year, for the first time, we have observed TGFs during the campaign -- three of them. They
were associated with negative cloud-to-ground lightning with extremely powerful return strokes.
We learn this thanks to the cooperation of Profs. Ting Wu and Daohong Wang of Gifu University,
who provided data from the FALMA array of radio detectors, which can characterize the type and
intensity of lightning from a distance. These flashes are of a type they call “compact return
strokes,” which originate only a kilometer or so above Earth’s surface (which could be the top of
the mountain). These flashes are similar to the ones producing TGFs in winter thunderstorms on
the coast, but it is a new discovery that they also produce TGFs in the summer environment of Mt.
Fuji.

An even more exciting result of these new observations is that TGFs have been seen together with
a related phenomenon for the first time.  Lightning proceeds from the cloud to the ground
through a process called a “stepped leader”, which carries electrical charge from the cloud in short,
sudden steps, leaving a conductive path behind it. When the leader finally reaches the ground, a
huge surge of current, the return stroke, passes through this path up to the cloud, eventually
carrying the cloud’s charge to the Earth. As has been observed previously at other sites, these
“steps” often release bursts of x-rays, much weaker, briefer, and lower in energy than a TGF
Some scientists believe that there is a connection between these stepping events and TGFs, but it
is not yet certain. We have observed, for the first time, here on Mt. Fuji, two events where the
two phenomena appear together: a series of x-ray bursts that are associated with leader steps,
with a TGF occurring at the end of the sequence, close to the time of the return stroke.
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Figure 1 VLF radio signal and x-ray time/energy scatter plots from a combined stepped leader x-
ray / TGF event observed at the summit of Mt. Fuji on 26 July 2022. The radio data from the
FALMA array are provided courtesy of Dr. TIng Wu and Dr. Daohong Wang of Gifu University.

Figure 1 shows this phenomenon. The top panel shows the radio signal detected by the FALMA
sensors over 100km away; the series of small pulses represent the steps of the leader as it
approaches the ground, and the largest signal is caused by the currents of the return stroke. The
lower panels represent the x-ray/gamma-ray detections from three radiation detectors in the THOR
instrument. The energy of each high-energy photon is shown by a point on the y axis, and the x
axis is time, on the same scale as the radio data in the first panel.  You can see weaker bursts of
photons associated with the steps, with the brightest (the TGF) happening close to the return
stroke at the end. The lower three panels show the data from a large, medium-sized, and small
gamma-ray detector within THOR, respectively (LPL, MPL, SPL). During the TGF the two larger
detectors are more or less overwhelmed, and only the small detector gives an unbiased view of the
last two steps; but only the larger detectors are big enough to detect the x-rays during the
stepping. The sprinkling of counts well after the return stroke in the large detector (LPL) are
produced by neutrons. The gamma-rays of the TGF can collide with the atomic nuclei in air
molecules to eject these electrons, which spend some time rattling around in the air, slowing down,
before we detect them.
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	An even more exciting result of these new observations is that TGFs have been seen together with a related phenomenon for the first time.   Lightning proceeds from the cloud to the ground through a process called a “stepped leader”, which carries elec...
	Figure 1 VLF radio signal and x-ray time/energy scatter plots from a combined stepped leader x-ray / TGF event observed at the summit of Mt. Fuji on 26 July 2022.  The radio data from the FALMA array are provided courtesy of Dr. TIng Wu and Dr. Daohon...
	Figure 1 shows this phenomenon.  The top panel shows the radio signal detected by the FALMA sensors over 100km away; the series of small pulses represent the steps of the leader as it approaches the ground, and the largest signal is caused by the curr...
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	夏期期観測2022に関するアンケート調査
	1. 今回観測に参加されて、改善すべき点その他お気づきのことがございましたらお聞かせください。
	（今回のコロナ感染症対策についてもご意見がありましたらお願いします。）
	2. 来年以降の観測に向けて、当NPO法人に対して希望されることがございましたらお聞かせください。
	3. 次年度も参加を希望されますか。
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	4. その他どんなことでも結構ですのでご自由にお書きください。
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