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「京都駅の人口増減」の時系列データを読み解く
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「自然放射線量」の時系列データを読み解く
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太陽黒点数過去1000年間の太陽活動の変動
（年輪中の炭素同位体の測定から自然放射線量を推定）

Nature Geoscience, 14, 10–15 (2021)

ARTICLESNATURE GEOSCIENCE

between ETH and QL data beginning in ad 1850, which is probably 
caused by a regional imprint of the Suess effect (see Supplementary 
Section 2 for more detailed information). The Suess effect describes 
the dilution of atmospheric 14C concentrations due to the combus-
tion of radiocarbon dead fossil fuel commencing with the industrial 
revolution30. This effect is more pronounced in our record because 
this time slice is covered by trees from England (Supplementary 
Section 1). When including only data before ad 1850 in the analysis, 
the resulting χ2 = 347 (N = 329, P = 0.23) indicates that the two sub-
sets of data are indistinguishable within quoted uncertainties based 
on a 95% confidence interval (Supplementary Section 2).

Global 14C production was reconstructed from the Δ14C data 
(ETH and QL) using a carbon cycle box model (see ‘Modelling’ and 
Extended Data Figs. 3 and 4). Where Δ14C denotes the decay-corrected 
14C/12C ratio of a sample relative to a standard and normalized for iso-
tope fractionation (in ‰). Production of 14C varies by ±25% over the 
whole period in both records (Fig. 1b). The solar modulation param-
eter31 Φ was calculated from the 14C production (see ‘Calculation of 
the solar modulation parameter’) derived from ETH and QL data. 
Both reconstructions of Φ correlate well with a Pearson correlation 
coefficient of 0.72, and they also agree well in phase over the 250-yr 
overlap with the international sunspot numbers32 (Fig. 1c; a more 
detailed depiction of the last 250 yr is given in Extended Data Fig. 5).

14C production events
Recently, sharp increases in atmospheric 14C were found in com-
parably short sequences of annually resolved tree ring data10–12 
that were attributed to SEP events13,14. Our continuous, annually 
resolved Δ14C record reveals three rapid, event-like increases in 
atmospheric Δ14C over the last 1,000 yr, which we define as a more 
than 4.5‰ rise in Δ14C within 1 yr compared with the 4-yr average 
before and after the event (Fig. 1a). One of the increases is the previ-
ously identified ad 993 event, a SEP event14 that caused a tripling of 
the 14C production for about 1 yr (see ‘Modelling of solar energetic 
particle events’ and Extended Data Fig. 6). Two other increases that 
could possibly represent SEP events occur around ad 1052 and ad 
1279. In Fig. 2, the measured annual Δ14C data around the two new 
event candidates are shown together with the fitted 14C production 
spike and the resulting modelled atmospheric Δ14C. The ad 1052 
event (Fig. 2a) is also detected by our model in two previously pub-
lished datasets18,21, whereas we could not reliably fit a production 
event to other 14C datasets for the ad 1279 event candidate (Fig. 
2b). This discrepancy is either the low precision of the Hong19 data 
or the large scatter of the Eastoe et al.18 record around the event. 
Still, the Eastoe et al. data18 indicate a higher level of Δ14C after ad 
1281. The calculated additional global 14C production of the two 
new event candidates are 7.4 ± 1.5 kg (± 1 s.d.) for the ad 1052 event 
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Fig. 1 | From annual Δ14C records to solar modulation. a, Annual ETH and QL17 ∆14C records with 2σ error bars. Red arrows indicate possible events, their 
respective date and Δ14C increase. b, Normalized 14C production rates calculated from ETH and QL data. c, Reconstructed solar modulation parameter 
Φ from ETH and QL 14C production rates. The blue band indicates the uncertainty (in the ETH data) estimated by the Monte Carlo simulation. The 
international sunspot numbers32 (black, right y axis) are given for comparison. d, 20-yr low-pass-filtered Φ with mean values (ETH data, solid red lines) 
and the corresponding standard deviation (red dashed lines) for the different time periods. The 20-yr low-pass-filtered sunspot numbers (black, right y 
axis) are given for comparison. Vertical dashed black lines mark the beginnings and ends of grand solar minima.
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Fig. 1 | From annual Δ14C records to solar modulation. a, Annual ETH and QL17 ∆14C records with 2σ error bars. Red arrows indicate possible events, their 
respective date and Δ14C increase. b, Normalized 14C production rates calculated from ETH and QL data. c, Reconstructed solar modulation parameter 
Φ from ETH and QL 14C production rates. The blue band indicates the uncertainty (in the ETH data) estimated by the Monte Carlo simulation. The 
international sunspot numbers32 (black, right y axis) are given for comparison. d, 20-yr low-pass-filtered Φ with mean values (ETH data, solid red lines) 
and the corresponding standard deviation (red dashed lines) for the different time periods. The 20-yr low-pass-filtered sunspot numbers (black, right y 
axis) are given for comparison. Vertical dashed black lines mark the beginnings and ends of grand solar minima.
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太陽活動の11年周期、極小期における太陽活動の歴史 → 今後の太陽活動の予測

必要な技能：ビッグデータ解析、統計的有意度の推定、周期変動や相関の抽出など



自然放射線を自ら計測し、時系列データを読み解く

宇宙からの放射線（宇宙線）が絶えず到来

日々変動し、太陽活動の影響も受ける

エネルギーの高い宇宙線が入射すると、大量
の二次粒子を生成（空気シャワー現象）

4

さまざまな環境下での自然放射線の時系列データの測定

データ解析から自然放射線の長期変動の原因を探る

可搬型のプラスチックシンチレータ宇宙線検出器
（アカクラゲ）による測定



• 雷雲や雷の電場で電子が
加速されガンマ線が発生


• 日本海沿岸の冬季雷雲で
この現象が起きている


• 多地点の放射線モニタリ
ングが重要


• 2015年から金沢市周辺で
シチズンサイエンスで観
測する「雷雲プロジェク
ト」を開始した

雷雲と雷でおきる高エネルギー大気現象

5

イラスト:  はやのん理系漫画制作室

地球ガンマ線

光核反応

雷放電

雷雲ガンマ線

強電場

領域

正電荷
負電荷

相対論的電子

の加速現象

参考文献: 榎戸ほか, 日本物理学会誌 (2019), 

Yuasa, Wada, Enoto, et al. Progreso of Theoretical and Experimental Physics, ptaa115 (2020)

放射線、電波、電場を連携した観測へ
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Illustration: Hayanon Science Manga Studio

上昇気流
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+

+

-

-
-

•上昇気流の中で氷の粒同士の衝突
で電荷分離が起きる


•雲中に強い電場の領域が発生する


•宇宙線などの通過で電子が飛び出
し、電場で加速・増幅を繰り返す


•加速された高エネルギー電子から
の制動放射のガンマ線が降り注ぐ

なぜ雷雲からガンマ線？
6



Illustration: Hayanon Science Manga Studio

+

-

+

- -

++

強い
電場
領域

•上昇気流の中で氷の粒同士の衝突
で電荷分離が起きる


•雲中に強い電場の領域が発生する


•宇宙線などの通過で電子が飛び出
し、電場で加速・増幅を繰り返す


•加速された高エネルギー電子から
の制動放射のガンマ線が降り注ぐ

なぜ雷雲からガンマ線？
7



Illustration: Hayanon Science Manga Studio

+

-

+

- -

++

宇宙線

e 電場加速

ガンマ線

e
e

e
e e
e

なだれ増幅

 

落雷？

•上昇気流の中で氷の粒同士の衝突
で電荷分離が起きる


•雲中に強い電場の領域が発生する


•宇宙線などの通過で電子が飛び出
し、電場で加速・増幅を繰り返す


•加速された高エネルギー電子から
の制動放射のガンマ線が降り注ぐ

なぜ雷雲からガンマ線？
8



• ボタン１つで測定開始しネット経由でデータ回
収する Compact Gamma-ray Monitor (CoGaMo)


• CsI (Tl) 50 x 50 x 150 mm3 結晶を、光検出器 
MPPC S13360-6050VE で読み出し


• エネルギー帯域: 0.2-20 MeV


• 取得データ: さくら IoT 経由で送信


• 放射線イベント毎のエネルギー、GPS を基準
にした時刻のイベントリスト


• 温度、気圧、湿度、照度、経度、緯度、カウ
ントレートを含む House Keeping データ


• これまでに 29 台＋本年度に 26台を追加
9

市民サポーター配布用 コガモ検出器
CoGaMo プロトタイプ機 

(ティーエーシー社)

9



10Fig. 16 Gamma-ray count-rate time histories recorded by our detectors in Komatsu High

School (black filled circles) and Science Hills Komatsu (red filled circles) in the 3–15 MeV

energy band, with a bin size of 10 s. Error bars show statistical errors. Solid black and red

curves are the best-fit “gaussian + constant” model functions (Eq. 1).

As mentioned above, the total gamma-ray count of Science Hills Komatsu is larger than

that of Komatsu High School by a factor of 4.4. Based on this combined with the wind direc-

tion, we infer that Science Hills Komatsu was (laterally) closer to the electron acceleration

region in the thundercloud, and observed less attenuated gamma rays than the other.

The high counting statistics of the Science Hills Komatsu data allowed us to extract an

energy spectrum of the gamma-ray glow event, as shown in Fig. 19. The spectrum of the

glow event was extracted from a time range 17:56:30–18:00:00 (UTC). The environmental

background signals were extracted using two 60-s chunks of data before and after the glow

event, and subtracted from that of the glow event. Based on previous spectral studies [44],

we tried to characterize the spectral shape by fitting it with a power law with an exponential

cuto↵:

f(E) = N ⇥ E�� exp(�E/Ec) photons cm
�2 s�1 MeV�1 (2)

where E is gamma-ray energy in MeV, and N , �, and Ec are a normalization factor in pho-

tons cm�2 s�1 MeV�1, a power-law photon index, and a scaling factor for the exponential

cuto↵, respectively. An energy response function of the detector was generated based on

a Monte-Carlo simulation using the particle transport framework Geant4 [54–56], and was

convolved with the model function during the fitting which happened in the detector count-

rate dimension. The �2 value, which was computed as a square sum of di↵erence between

the model and the data divided by the statistical error, was minimized using the Levenberg-

Marquardt algorithm in the SciPy software package. With the best-fit model parameters

listed in Table 5, the model reproduced the data reasonably well with no particular structure

in the fit residual (middle panel of Fig. 19), with a null hypothesis probability of 7.5%. When

the same spectrum was fitted with a simple power law, a significant “convex”-shaped system-

atic residual was seen with a large (unacceptable) �2 value of 450 for 47 degrees of freedom,

21/31

Yuasa, Wada, Enoto, et al., PTEP (2020)小松市、2016年12月8日

冬季雷雲からのガンマ線 (gamma-ray glow)
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本スタディグループの研究内容のまとめ
自然放射線の時系列データを測定し、データを解析することで統計的手法を学ぶ

可搬型のプラスチックシンチレータ宇宙線検出器「アカクラゲ」を用いた宇宙線測定の
時系列データ解析を行う

雷雲や雷放電からの放射線の測定を行うシチズンサイエンス「雷雲プロジェクト」の装
置「コガモ」のデータに関わる解析から、降雨・降雪に伴う放射線の変動、雷雲や雷放
電に伴う放射線の探索や解析を行う

順調に進めば、論文としての公表も視野に

他に、稼働中の最先端の宇宙線観測装置の測定データを使った解析も可能

若手研究者と共同研究を通じて、研究の進め方・考え方、最先端の研究内容を学ぶ

詳しく知りたい方は 理学研究科5号館340号室 または fujii@cr.scphys.kyoto-u.ac.jp まで
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