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Observation of long burst thundercloud gamma rays and their origin by a
meteorological radiosonde

Minowa, Makoto
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A meteorological radiosonde equipped with a detector capable of
discriminating electrons and gamma rays was directly injected into thunderclouds to directly detect
the vertical high-intensity electron flux with energy of the order of 10 MeV, which is considered to

be the origin of long-burst thundercloud gamma rays. A total of six radiosonde flights were made in
Kashiwa City, Chiba Prefecture, and Wajima City, Ishikawa Prefecture, and charged particle counting
data were successfully collected as a function of altitude.

However, none of them were able to directly detect the high-intensity electron flux in
thunderclouds because they could not be deployed near the center of sufficiently strong
thunderclouds. This is very regrettable, although it is unavoidable because we are targeting an
unstable meteorological phenomenon.



#% X C-19. F-19-1,Z-19 (H#H&E)

. DRI M0 D5 5t

FILDOTE BT 40 HAHA T ICE U 2 BEFRE T ol Rk ) EE, 100 ED
Fifii T2 221X —10 MeVA =5 —D bW 31 v /N—A FBEEN V2 BOEEITEH S
DICINTEL, BEPFHINIC TREICA Y 2MERILTE D, 208X i LTkl
veour ZN—=2 b ELTEMIING LI RRBEHTH B(1],

—Ji. NSO Y2 HIFEEEEA — PVICHEET 5 THEDIRIFH -2 L ¥ —DETH
FET MBI L DD EZZTCFE LRI LD >TEL2],

HERIVIZIZ, Gurevich 512 X ) Relativistic Runaway
Electron Avalanche (RREA)E 7ILMEEZN[3], vy
W= A 2fidF L LTCERFHBNOBFPHEETO
BETIMEI N, ZOBEBTHREDTD 5knock-onE 1%
7o EH L CENDHEICHE I TR ZICHERS L 7210
MeV A —&'— D KEREEE T O HIBN S 23| E#2 2 3 LR L
(R, Ztid, WHITREOHENMNER LD F22bD
ThHs, B IN—Z MMIEKE L IFMEART, HHERE

IR L - EEROSHES D O ERINC TS ICHELT
WBZEIZRD, £, vy IN—Z b ORI, M
DB 22 %2 BEOGREEAEE T 2 Tk E 2 £ &
Ab5b,

TIBBE 7> < D T 2L ¥ —H3 10 MeVA — 4 —T
HHIEDS, HORBED L) REBROGEEIE WEEITIE
W%Ki5%W@twﬂhfuﬁyvﬁuﬁM§m&mﬁ
EIK F OO EILR HATER R 2 ECRET 2 BRDBEVLXDOHEETEERICL S
WA D 22 D TH Y 2 BBl SN G 2 L AT 5,

N TOWFAEIC X D WESE—FE T FEIT O FHUHE S BREFE O 72 & I iRE Y v
FEWENBIND T A I—=H 7 v ¥ REBL LR 7 04 VY FLARE G LB, B2
FCRHECED ERH T2 2 L3 HIBl S N B, HA B —hT v F =3RRI Y B %
DBV EEEET S E, EFVOMERBILICIZET - & v < Bk THE 2 B2 T H
%,

2. MEOHM

DL EDSAMINE st 2 B 2, BT - Ay oA RE e iibids 2 EEPICEBERA LT,

CICHET 2 TH A 910 MeVA — ' —DEEH MO KBEER 7 7 v 7 AR EERET 2 2
£C., FEEORREAETVDIEMEZMGEET 52, ZOWZETIE, TNEFTRATH>EEFT
DEREBE T IMEBR LB R0 X 2MEBROEEEFIEL, vy IN—R NHEEN v <2
DERFZMEET 52 Lz2dIT,

INFTOFRES Y OB T, b2 d@milcBiazHiE LT, 2oz 2L
¥—. 77y 7 A, NS, FiREE2HR2b0TH D, BEL Vo BROKERTH 2 H
EZDODICEF « AV~ BOFBINATRE L RIN AR Z AL X 9 &) AR5 DWIZE K 0T



ThH 5,

3. WDk
KERAFE T 2 IRl 72 ff O # C o SRR B 7 2 A
VyFic, MEBFE OB (200g T Dk iR d 2 B L.
‘%%¢ WG S ETZDHTOET - VB EDT7 7 v 7 A
- LIAAX— MFORME R EENET 2.,
(LDX 9. 20mmx20mmx=20mm O ST AF v 7 vFL—FIZ
20 E C H MPPC(Mluti-Pixel Photon Counter) Z¥:i L7477~ % 31§
h ek oD %E?:éﬁk 7 bf@BELTﬁﬁHﬁ%%%ﬁ%\tfjo’:niijoa)iﬂzk
20 20 TOBIPNCHES > T ab—vavickiud, LItk 2HE D

THEEFHROZF L =217 MeVDIZIZFHEAET, 7797
AHI2x10° mAs ' HIUIBM T — ¥ 2 HBITE 2 2 LD oTVRB2]DT, Iz d LIk
HERDOTEZ RO, ZNFNDA Y V¥ TRANEHHERN 2 oM T % X ) Iz
ELT, Ao ryVeEHT ¥ Cheoincidenced k 'H & Chcoincidenced N ZF N D& D&t
Bae 703y TIck Ol LICRET 2, BT 2o A w v %2 8l L Couiudify8MeV
P EDEE 2N F—2 RO L23b0 5

MPPCOEHIZ~A Z7ray b u—7I2 X D coincidenceit 4 L 1R i1\ ) 7ILEfEIC X
DITPFYVTRRIESNSE, FVFV VY TLLIEFRART—YPCPSIC L B00E - WL LD
AR & 72 D D2FED FHET — % 53400 MHzAF O fERRIC X 0 1R I 1 FIc#E SN 3,
MR & B RERIFEIER F o — VEOWEAERII AN NTE ), vf7ray u—7 T
Iz —2 —I,PUT K D WEDIREDN D 2 RE—E IR N D L) IThk>Tw 5,

EANCET T 2 KB E T 2MAE T 2UXV & ChcoincidencefH Bk L, AEAD
#13H E Chcoincidencef DY R T 513 TH S, BV OB EIE2OD T IAF v 7
YFL—FTEary 7 LR B IG5 O T, i Dcoincidenced AR T

2137 TH LD, BIOHAE XY BEEEEBERCIETTH S, —, BETOFHREIC X 2EL

HTH Y Y BEMER) L 725815, 1D li/FDcoincidenced 54T % 23, REICFHIHL T
BFMOEZ 2 L E2ZoN 5, 29 LTHER A LAY 2O aRe & 2> 72,

b L, BERCRBEDOMER L OFENPHERI NN ZD7 7y 7 22 E L wHs, L&l
DIRERIE T T AF v 7> v F L =8 DRMANT 72 78 v AT BRI T7 Ty 7
AZFBIFIAEYTH S, 20dic, HomER FRIBEZHTAEL 72, ZoRtdEE
40mmx40mmx10mmo 77 A F v 7 > v F L — % 28 % 80mm D [HFE % &\ » CTHE L 3Lk A3
FERCRE 2 L) Ic@Ehsntw s,

NS DR 2 > TTEERMT OB EREMF v VR 2 DR HIRF A 7)) B T HTE
FHRODAICEEPEIR T 202 L CTEYE LX) S04V v T2 538 %, TNETD
REERTIE, OIS Z IEEIEO R VEEINEE T 2T TFIC2RRE L EZ 65,

IIOFYV Y TORGICH T >TE, BREDED I > TREBEE LD TRREBYR, v
PRDORFFRZHUF L 72 72, FE TR EEDOVERIR T RnE F P4 Y v T5ER
D3R ZEHE &P 2B DO IDA DO HIBR A VE N 2613 D 5, 207, B4 588A gz
JTR LTz W FIC R 6 w2 E2m s THIRAROMITIBHE ) 23 Hic—EigilT
DB 5 7,



4. WERR
SAREWCTHERMBTICB L TRHOHEBHEERTRIN TV L 2 H-T, B OHE LT
SUFYVYFOREIA Ty P %o, B IC ARSI OB S L7225, %<0
B, EBICRFEZOBRBHER I TIEEro7, H50IFEENEMZ I TN CEBL 2,
idmECTOEE - MANEG 2SI o EOMBAICX D VAV VT RERG IS Z
LIRCEAhol, ZNTHARSHO T VA Y'Y FRBE TR T = 28T 2  LISRY)
Lz, Wb B L2 b 2 BIE O ERBASH 5 & X IBIMI L 745, BIHHI0 T I B A
TEhhoklD, [ ﬁ%&54®ﬁ%&%kiﬁ%n&#oﬁoTIQA”%&EM%—&
(201846 HIZHBL) %2R d, ZORMEENEED S S F wIREE OFHBh OB & bt
D77y 7 ATHHANERLDTH 3,

450

T T
Vertical coincidence -
~ Horizontal coincidence

a0 | -
5 2l

T*M_

350 |

300

1 \

w . _
£ ) | +”w‘ % 7
% T ﬂ H
§ 200 | | EH—+
3] +‘ _-T :

150 | j;‘ - _

HiT
100 | _ ik : _
1
50 J_?,i 5 7
eSS
0 mﬂ;fﬁi: %

0 5000 10000 15000 20000 25000 30000
altitude (m)

KFRTIZBIRH S TR EIEENE N a0, 20184E12H 20 5 BEESH £ CRAFHITEH 1S
wEEINB AR CRETRTE E2EBHLTI A4 VY T2 RS TR IRIEIC L7z, 2 DR,
N7 24y T2 MBI L3 TEL, ZDEEHEEHOHDBITICHEATE Lok
7o, IR TR OBEE LRI s ko7,

filE, AP IC BRI LTEEI6N 7 A Y vy T2 RG IS5 2 LN TE L, BED
EDRERFOFEICHRI L7, Lol wInd HamoeEEORLHEICEAT S 2 Lk
TEY, AMROENTH 20 v IN—R NEES V< HOREZHHT 2 HEEFOKBEE T
77y 7 ARBEEBNT 5 LIETE Lo, TNRBALELRRIRZHNRLELTVREDT
B E i, REESTH S,

<3| FxC#k>

[1] T. Torii, et al., “‘Migration source of energetic radiation generated by thunderstorm activity’,
Geophysical Research Letters 38 (2011) L.24801.

[2] Y. Kuroda, et al., ‘Observation of gamma ray bursts at ground level under the thunderclouds’,

Physics Letters B758 (2016) 286-291.



[3] A.V. Gurevich, K.P. Zybin, ‘Runaway breakdown and the mysteries of lightning’, Phys.
Today 58 (2005) 37.






