MIS18-01 JpGU-AGU Joint Meeting 2017

JEREIg DX F=FERERFICH 1T D HERHZ DR
Synoptic-scale conditions with occurrence of winter lightning in the
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The mechanism of intermittent propagation mode of both negative leaders and positive leaders remain on
one of the largest mystery in lightning physics. In order to shed some light on this mechanism, recently we
have made a comparative study on the optical propagation characteristics of an upward positive leader
and an upward negative leader recorded using a high speed video camera operated at 300000 fps. The
negative leader is a typical stepped leader with a few branches, while the positive leader exhibited both
continuous propagation mode and intermittent mode.

It was found that each step of both positive and negative stepped leaders starts with a stem. For the
positive leader, this stem usually initiates at a distance more than 100 m ahead from the tip of the leader,
while for the negative leader, the stem usually initiates at a distance of around 50 m. The stem in the
negative leader usually lasts less than 25 us, while the positive leader stem could last over 300 us. All the
stems tend to progress in bi-direction modes. Although the backward propagation (in relative to the
leader propagation direction) speed of the stem for both leaders are similar, the forward propagation
speed of the negative leader stem is much larger than that for the positive leader stem. In the final paper,
we will not only report on the detailed results but also try to present a schematic to explain the reasons of
the differences.
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Multi-point Observations of Thundercloud Gamma-rays: Development
of Portable Detectors and Results of Fiscal 2016 Winter Observation
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During a thunderstorm on December 3rd, 2015, coincident with an upward leader originating from a
lightning protection tower next to the wind turbine in Uchinada, the Gamma-ray Observations During
Overhead Thunderstorms (GODOT) instrument observed a large, “100ms duration, flux of radiation with a
spectral signature characteristic of thermal neutron production. We will present our observations and
show comparisons to monte-carlo simulations, proposing that we have the observed the first neutron glow
from a Terrestrial Gamma-ray Flash, produced by photonuclear reactions of gamma-rays with the air and
ground molecules around the wind turbine.
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Charge change estimation at short-burst energetic radiation in winter
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The physical mechanism of lightning-induced energetic radiation has been considered to be caused by
the relativistic runaway electron avalanche hypothesis proposed by Gurevich and his group. For further
comprehensive understanding of the mechanism, we conducted the observation of lightning-induced
energetic radiation and atmospheric electric field using field mills at Uchinada, Kanazawa, Japan during
2015-2016 winter. In general, taking into account the lightning position identified by lightning location
system, the observed transient electric field changes (normally detected by slow antenna) at two
observation points provide charge changes inside the thundercloud at the time of lightning and the
charge height. Although field mill might not be suitable for such observation due to signal smoothing, we
evaluated these two parameters using four field mills. Our estimation shows that errors of two parameters
was within 20 %. In the presentation, we show these parameters at the time of lightning-induced energetic
radiation.
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Origin of summer-thunderstorm-induced energetic radiation
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Study on lightning and precipitation activities by EM observations
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electricity field (AEF), atmospheric ion concentration (AIC), and radon
concentration) at Asahi, Boso Peninsula, Japan
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Lightning discharges radiate broad band frequency electromagnetic waves from ULF to UHF. Using
sensors which detect this radiation is an effective technique to detect lightning flashes, even if they are in
a cloud. Using multiple sensors, a lightning flash can be located using various techniques. At low
frequencies, the power radiated by lightning is very high, but because the wavelengths are long, the
location resolution is somewhat low. At very high frequencies, the wavelengths are much shorter allowing
for much better location resolution, but the power radiation is also much lower, making it more difficult to
detect. The VHF band is a good compromise between good location resolution, and good detection
efficiency. One effective technique to locate VHF signals from lightning is interferometry. With this
technique, the signals arriving at least three VHF broadband antennas are coherently combined to
produce an 2D image of the lightning flash. The current generation broadband lightning interferometer
being developed in Japan by RAIRAN and the University of Osaka called Lightning Interferometer via VIHF
Emission (LIVE).

In 2016 summer season, LIVE is installed in Kaizuka, a city to the south of Osaka, near Osaka Bay to
observe Japanese summer lightning with four VHF antennas. In the current study, we are tring to calibrate
the detailed antenna locations and cable delays which is difficult to measure physically from cross
correlate imaging, and comparing the high detail lightning maps produced by LIVE to the lower detail, 3D
maps produced by a low frequency time-of-arrival system called the Broadband Observation network for
Lightning and Thunderstorms (BOLT) which is spread around Kansai area in Japan.
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Electromagnetic waves radiated by lightning discharges in the VLF frequency range penetrate through the
ionosphere and are observed as plasma waves so-called whistlers. In this paper, we used the fractional
hop whistlers recorded by the ICE experiment onboard the DEMETER satellite to estimate the maximum
electron density of the ionosphere F2 layer from the dispersion of whistlers. We have developed an
automatic long-term whistler detection technique which enables us to carry out the statistical study of
many whistlers from the satellite data. As a result, the maximum electron densities estimated by whistlers
has a good agreement with those from ground-based measurements by ionosonde. Moreover, statistical
properties of latitudinal dependencies of electron-density in different local times and seasons were
obtained.
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