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Winter thunderstorm and lightning in Japan

low altitude (<1 km), powerful lightning, frequent positive discharge
|deal for observing the high-energy atmospherlc phenomena
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GROWTH (Gamma-Ray Observation

| of Winter Thundercloud) project started

4 high-energy observations in 2006
(Tsuchiya, Enoto et al. 2007), and extended to

| multi-point campaigns since 2015. . Japan Se
— _— Japan island
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Radiation detectors for mapping observations

A new stand-alone, low cost, and high-performance data acquisition (DAQ)
system was developed; e.g., FPGA board of 4 channel 50 MHz, 12 bit ADC

e Gamma-rays detected with BGO scintillators
e Recorded with energy and GPS time tag

e \Waveform recording function is prepared

¢ Environmental sensors (temperature, pressure, etc)
¢ Mobile data transfer & remote control

e Compatible with CubeSats, and aiming at

95,000JPY (~$1k) distributing to citizen scientists
(Shimafuji Elec.)
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Wada, Master thesis of the University of Tokyo, “Construction of the multi-point observation network for thunderclouﬂcj .-gérhf/ﬁa-rayS”
(ref) FPGA/ADC board specification http://ytkyk.info/blog/2016/09/04/growth-fpga-adc-board/ (C) T. Yuasa
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Radlatlon detectors for mapplng observations

= Cost ~$4 k
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Wada, Master thesis of the University of Tokyo “Constructlon of the multi-point observatlon network for thundercloud gamma rays’.’
(ref) FPGA/ADC board specification http://ytkyk.info/blog/2016/09/04/growth-fpga-adc-board/ (C) T. Yuasa
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GROWTH collaboration observation sites

Multi-point observation of high-energy phenomena compared with moving
thunderstorms and radio measurements of lightning discharge processes.
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e 2006-2014: Only the Kashiwazaki site with 1-2 detectors
e 2015-: Starting mapping observation campaigns increased detections
e Developed at local high schools, universities, and private companies



Two types of high-energy radiation events

Long burst Short burst
gamma-ray glow photonuclear reaction

Lightning
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e Bremsstrahlung gamma rays from e Photonuclear reactions triggered

high-energy electrons accelerated by downwad terrestrial gamma-
by electric fields in thunderstorms ray flashes associated lighting.

e 41 events since 2005 in total e 14 events since 2005 in total
(13 events per year in 2017). (5 events per year in 2017).

See details: Wada, TE et al. arXiv:1811.06212



Long burst (gamma-ray glow)

December 8, 2016, Komatsu city

)

N
(@) ]
Precipitation (mm h

QA - (20
O < ey
-g O / » | Ty / |
3 ‘Detector A N
- T =l
2 etgCtor-A -
© i d Fls
_I : ' Sy
ET %
L l Q9 -
< / '
@l | % E AT | *JAH'T l ) : —
S & " Detect |
- e ' DetectorB | fo
RS sl /
/] 4658 T
r / 5 FrRT odl 7
_'l K HET
B B AT / -
M 2 #4 5
L1 l 1 | 1 1 1 l L/ i | l I r I ay l 1 I

Longitude

136.45

0

See details: Wada, TE et al. arXiv:1811.06212



Long burst (gamma-ray glow)
December 8, 2016, Komatsu city
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See details: Wada, TE et al. arXiv:1811.06212



Long burst (gamma-ray glow)
December 8, 2016, Komatsu city
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Long burst (gamma-ray glow)
December 8, 2016, Komatsu city
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Counts s

Long burst (gamma-ray glow)
December 8, 2016, Komatsu city
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¢ Prolonged gamma-ray detections as a dense cloud passed above two
detectors. The delay is consistent with a speed of the moving cloud.

e Cutoff power-law gamma-ray spectrum extends above 20 MeV.

e Systematic analysis is now performed for all the gamma-ray glows
compared with meteorological conditions (Matsumoto, Master thesis, 2019).

See details: Wada, TE et al. arXiv:1811.06212



Gamma-ray glow terminated with lightning
February 11, 2017, Suzu
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Wada, Bowers et al., Geophys. Res. Lett., 48 (2018); See poster AE33A-3397



Gamma-ray glow terminated with lightning
February 11, 2017, Suzu
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e Collaboration among gamma-ray radiation detections, atmospheric
electric field measurement, and radio measurement of lightning

Wada, Bowers et al., Geophys. Res. Lett., 48 (2018); See poster AE33A-3397



Short bursts: Photonucleear reactions

February 6, 2017, Kashiwazaki
Three components: Lightning/TGF, Gamma-ray afterglow, and e+/e- line
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Enoto, Wada et al., Nature (2017); Physics World, Top 10 breakthrough in 2017



Short bursts: Photonucleear reactions

February 6, 2017, Kashiwazaki
Three components: Lightning/TGF, Gamma-ray afterglow, and e+/e- line
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Photonuclear reactions triggered by lightning
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Gamma rays from neutron and positrons
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New Event! Short burst just after long burst

January 9, 2018, Kanazawa
Gamma-ray glow terminated associated with photonuclear reactions
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Wada, Enoto et al., submitted



New "long & short” associated Event

January 9, 2018, Kanazawa
Gamma-ray glow terminated associated with photonuclear reactions
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Kanazawa Comprehensive Observation

- On-ground gamma-ray multi-point observations simultaneous with
~atmospheric electric field and low-frequency radio measurements
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Expanding the project to citizen science

- Main difficulty of the project is to ensure many observation sites

- A new handy radiation detector (reasonable price, easy to run!)

- A new organization “Kyoto Open Science Meetup” to support for
communication among scientists and citizen supporters

Cloud
moving
direction




S Selected as one of the Top 10 Physics Breakthroughs 47wy
ummary of 2017 by Physics World magazine, IOP Publishing Ltd TOP o19 |
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e GROWTH collaboration started multipoint measurements of

high-energy atmospheric phenomena along Japan Sea.
Tsuchiya, Enoto et al. PRL (2007)

e The number of detection of long bursts (gamma-ray glow) is

increasing (>41 events). We have started systematic study.
Matsumoto, Master thesis, in prep

e Termination of the gamma-ray glow was recorded with a
passage of a lightning discharge.  wada, Bowers et al., GRL (2018)

* Photonuclear reactions by downward terrestrial gamma-ray

flashes have been detected as short bursts (14 events).
Enoto, Wada, et al. Nature (2017)

e We have expanding our project to citizen science at Kanazawa
area. We detected the “short & long” burst event in this area.



