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Recently, there are many reports of gamma-ray radiations from thunderclouds,
called “thundercloud gamma-rays”. Their origin is supposed to be bremsstrahlung
from accelerated electrons under a strong electric field as if it acts as an electron
accelerator. Those emissions that sustain over tens of seconds are called “long bursts”.
What mechanism sustains their stable acceleration, and where and in what condition
it starts, are not well known yet. To investigate the phenomena, on-ground gamma-ray
measurements by Gamma-Ray Observation of Winter THunderclouds (GROWTH)
experiment have been carried out since 2006. In this thesis, compilation analysis is
performed over 19 long bursts detected during 10 years of GROWTH experiment from
2006 to 2015. First of all, detailed analysis of a very bright enhancement detected in
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December 2014 showed that the East-West cross section of its irradiated region has
a size of ~ 700 m, while its North-South cross section has a size of ~ 1000 m. This
is the first observation which clearly shows the size of irradiated region. The same
analysis performed over another bright event detected in January 2015 showed both
its East-West and North-South cross section have a size of ~ 800 m. These results
implies the shape of irradiated region of long bursts are different by event, for the first
time. Comparison between weather radar echo data and gamma-ray data of the event
in December 2014 showed the radiation enhancement precedes the precipitation. The
irradiated region with a size of ~ 1 km is much smaller than the thundercloud-cell
size of ~ 10 km. These facts strongly suggest that the gamma-ray source corresponds
to upper edge of Lower Positive Charge Region (LPCR). Analysis over all the other
long bursts was performed as well. It showed that the typical size of their irradiated
region is ~ 1 km. Also there is an anti-correlation between their brightness and sizes
which was found for the first time. Besides, no correlation was confirmed between
spectral hardness and sizes or brightness. Based on these observational facts above,
discussion was performed taking some simple assumptions into account. As a future
prospect, this thesis notes that the next-generation observation ought to detect the
source altitude, the position of radiation center and the spectral handness therein.
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% FHIF (high-field region) T, Enr& D H RERIRXILF—%ED

Ea.jri) G I NNIEXEyAx T TR S N5,

2.3.2. HEXERIAEEFEHRET /L (RREA)

M G 70 8 - I3 R E O E R R I K o T AV F —% LS, ThiF
HIEH T U BB DORRNTE H b, B EHIBLRT S & IRETHPE
U, Z 3% high-field regiontZ ® FVXFEIRRIZ R EE 72 2 2 HEHAE U T, &
MRIIZBFEZHRIEE 5,

IO UM N TREETOFIIHEHERNITHE AT 2139 TH 2,
ﬁ%bf%%@ﬁﬁe:zn&%ﬂ%ié@ﬂ%?éﬁ%%:%m%
length] & EFHET 5, HEETONEBEROEE Y 1 X 2L T 5L, h#E
I 2 D FTICEFIRE = Ll ffX N5, o THEINLIMEET
DituxZ Fy &35 &, ki Ea?#(

Frrea = Foexp(§), &= (2.1)

L
A
L5, ZODETIVEMNImKEERETHHE T )V (Relativistic Run-away
Electron Avalanche, RREA) & WM\, 1992$ ZA. V. GurevichiZ X > TREI 1
72 (19, REBEBTETNETTIETGFTROND KERT VBT T v
AFRKHATER W2, RREAE TV L 2 MIRIFEE L S0+ 2T
HHEEZEZLNTWVD

2.3.3. R EFH 54 U 5 HlIEHET

HHBHSZIZINE TRV F—E2 b DO RKEOHAET 2 BWERKIZ
AT BE, B1DART MLEZE DR VIMBHEZZ RSN T
5, ZZT I\ ik BFOPERFTLE LU 2EELEI R \WE A5
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FIERE= 10T —u—(BEHE) A L 725, [200& DB,

IOIZHFEITEWVKRRZZZ S L, BT2HEITAIEDIERKATHD,
ZTOEATIEFDIEHEHBITRID RSV, TITRADEME LT, &
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FIREDBFE2ITLIAALIGEDH VAR ML ZER2.11ZR U, )
WEINDH DAY MDA 7 D210 AR THE X %2 2D BT D350 AHL
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;
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ThHY VA TOHIPWETT 5, BIFEDLSTH-10D 7 —10—
DAL IR B, [200& D B,

FIVF = doy, dog,\xBD Bk, DL EDETOWEM, ZITENZ2 KT 5
JRF DR TFETED. eme® = (e0 — k)me A ITEELEDE T T ANV F—ThH 5,

R2.212 5\, BEFOEBIT R ILF =310 MeV., TR be ~ 20D & &
DHFOAES G ZRT EX2120 X 51270, EEOOWEFDREFDA
HHifiA> 50.06 rad~ 4 LA OEBH A O MSERIZEF U TG X N B2
aeAHI B,

EEIZIE, BFOIRNVF—ZHE—-TlERL, HAHAEANINTTH 5,
¥/, EBROERIIEWENTH D, BEFIEANTI TV T2k > THM
EEZOoN, E—LDRAETETHES, LrL, LISV
TRRMIBLNRAMEE S o TR HIEIRS AEBRIZAE LT TE D, ETOD
A HASBBLali> TWd WS i aEEIIZE SN 5,

AFEFOIZ RN T —DEHGELOA LU TWEIIGEIIHETLH A
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I MIVTEARATZEDERD, BTDARYT MVIXBIR S CHHIYIZ
WELS Do TVRWS, BoNTWVWAEH IO GAIEEBLREN-15
— EEONT -0 —HETHH, TNFETITONTEZRREAIZE DL
YIalb—Yayv [2BETENRNT O —MHIZRE LWV RBIES
NTWbd, £Z T, TRIVFX— - BHOHEDFEHNS = 08B L U§ = -15T
100 MeVIZAY A 72K DBETDOARNZIRET 5 &, B X 5 filE) K
BIYEF-DARYZ MVIZK2.13D & 512735,

IHOUTHELEZT U RRIE. KKOTZ2ERIT BTy T h v
BELLTZ AL F —2ELS5D T, IHIZARTZ MLVDELRE LD, HAEOD
U ERE300 mDEEP S AR UGS ETHRONDE AR LD Y
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2.14.: EB: 0.3 MeV(H). 1 MeV(#%). 3 MeV(F), 10 MeV(F)DHAT >~
< HRRE B 300 mD S AH U 2B E TR SN ST VIR ANRY
MV, AKX ERERZMET, 7277 UEEL kb5 AH LU ZEEA,
[13] & D Bl

AL E Bl X 5 7 v < kR, X2.14D 516 % AH A v < kR
DA DH213TEARAATE LD M ARY Ml/é:fazéo Z D% —D%IF 5
. BFHELECER UZRREAZELY I al—Ya VOREE2TGRE
FEd U 72 24D 7k SAE . AR A VMO DA E Yy NA TR T—10—
TIEMBIUTEAAATZS D %M EEER(GROWTH)D AT hL & L 72
M2.157% EhZE T oD, Mg TRl BRI RALTED, 20
Z I TGFRTGENE T RNV F —ETDHIEIRE TH 2 Z & 2 RET 5,

2.3.4. relativistic feedback(FFEF 7 1 — K/Xy V)ETIL

EERIZER S NATCGFO % X 25T 5 720121E. RREAZ T TlE+4
TRWIZ PRI TV (23, FEITFEE» SHBEHkm BEN-iiE Lz
HY, TITHRAPEEDOHL IDOMENREL 2 LTI HEREEITH
R —I 027352 0TH, TXDRERDHIBEERSVRBRELND S,
INZEHAT E7200T 70 —F & L T“elativistic feedback” (PA'F, 8 1
74— Ry z)Zn 5 ET VBRI NIz 23],

@“T WBAR7ZEE D, TGFRPTGED T 1)V F — 3 +MeViHFIIZ £ T
I X216 »/TT:@_D KZNWZBEWT, H VRO TRV F =320 MeV %
HZBLET - BEFNEROKIGH EHRESEERE - 3> 7 b V8L
RERELEMEBEDIZIZ N L, KEDEBEFVERINDS X
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ZET TR LZGBADEYFAVE - I alb—Ya VEERD
ez, 13)& 0 EIH, MBSOV AR ZIZL > TE SIZBALE
NTHH, MEHEMICB TR L>TWSE, ARSI MLD
KAKDMEA L & < —BL TV 5,

S5, BE LT — KNy 272 iE. ZI5LCTERBESLF2EZIC
ANTZETIVTH D, BEFIZESGHTCTEFE KN ARICIES N, 0
WA DO KHANZRET B Z e N TE 5, BBEFIIIETIZALES F%
B X E, TIPS HZIZRREADAE U B, F 72, HIEB IS O K IZ
ELULBGESDIEBIZE > Tl keVO AT U <fEZHE L, ZOH Y <R
bR FREMITE720, F/-RREADVPAEU D E WS HENIEBEE S, 25
U C. MEEMEBK DY 4 ALY folding length MIZ & - T/NVy ¥ T IZIGIEE A
RFEDRREAZ I BNV, H217D X512, BF 7T v I ANHCHIET 5
OWGFEF T4 —RKXworDavve S Thb, TCFE Y a— h)X—A b
DHI% X ERREAD UL IXBGEF 7 1+ — KNy I TR TE 5 2 31
% [22]

BRI E 57550, GEF 74— KXy JERHR SN SR
DI, ROK D BEFOBUTELLAEIZIGET 5, Z DA, BEBEII EFF
L TCWA R EM R L U T30 C2ME L, K2.17H1i2H B~ 108fHDE
T(BLUBE )10 MeVORETRITL, BEROFRICHFETTLLEZ
5Y, BEMERINAREIZIMUA R 2D, FERE CEIGHEIE D I E
INBIENRTFEINDE, FORALAT—IVIETCFPY a— h)NX—Z b
ZOIHAREZZA, B v I N—=Z N ORI E & SRR XS T & 7
W, ZD7&H, B I)N—Z N ERREADATHHIT 53785 120, F#L
RWRREORIER AL OBET 7 1 — RNy 2 &£ Z 5 2\ 508 224
H>5, BRFETHET 74— KNy 7 OMERGIZRL., £33 5BET
DEBORETZBIRIMICESR Z ENEETH 5,
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2.4, GROWTHZEER D#E4&

235 OV N—XNEIERT 2 ETORE

TS N BFOEE IR TH O, 1ZIF e =108 m/sTH B, &H
EDAT =V EHEmE THIE RREADVE U TWAHHEIE 2 E L S KT
LZDIZET LRI B usTEETH S, ZDI s, By N—2 bk
Tl 2 ST 21213, FEHICEBDRREAD T S FIZHKET LI %
WHEY T3,

R21TRUZELDIZ, RREAIFEEBE DT 7 v 7 AR% A, = exp(L/ N
U. Frrea = AnFoffl O GmIE %2 £ KT 2 L R EIE 702 2 C
H B, FHBIZEBROMEBITFE-EIR/EZNTVE EEZ SN,
% 12,13, TD7=, HFEPRIZIMHEG VRS hIFo v 7N —2
N DEWEGERE R IIE AN EF I NG, X 517, Fix DGROWTHERRIZ &
D, EMBELLBIZO VI N=ZA KR T UBIDR RO o7z 24, TD
BRI, WMEBIZL->THEZENOBEGDH T D, MEHMEBSAERL 722 &1
EoTH YD ML E 72D THELMMINT B ENTE 3,

flRizma >y 7' )N—Z N DRREATHI QI TE 2 & LTH, EEDH
K EMERETOETLE, OV N—=ZA M~ 100s), ¥a— hNN—2
N (~ 100 ms), TGF(~1ms)&, ~ 109128 XA WHEFHIZ, 5D =D DR
72 kR Z2 L > THAMLTE D, TONMEzMRET 2 0ENH B, &
BT OBEBGREDHIMAIZ, A S D ORI G R D 5 D, H
HWVIEGEF T 14— KN 7D LD BN A S DL EMREEE LT
YT, Z00NEEEABLTWBDN, L OAFEMNRE Z 5N B,
ZTOHETEH, RLEFNZ VDO VI N—ZANTHD, TOBMIPEET
» 5,

2.4. GROWTHEER DXz

GROWTH I Z2006F 12 Z2 B4E U 72 5EERC, XD HAMWIRFEIZERT 55H
ENSEULIH BB ZEHNE Uiz EERTH D, ZofETR
GNDEBENVIBARYNDEL POV IN=ZARNTHDBILEDD,
ZTDMETEL L DEEE BT E72, BALZESERH & R KT D HL[HE T,
WEEIOWHOH &M EREE % 21812 7R 3357 ik IL A IR N 3B 5+ ) 38
FF(37°25'16"N, 138°35/46"E, EHAI30 m)IZ#%E L. T THI0EICH 7z -
TAZEDOERBIRZIT o TE T, REBRDT — XIZHEDE, 5 ARDEFEIN X
CIRDEBLRXPE LD OENTWS([12, 13, 17, 24, 25, 26])), AHiTlE, Z
NETIZHONZREZHRIIELD B,

20064 21T D AN 7ZCROWTHD M) I Tl K2.1912 /R 9 & 5 kR
HEERFibiz, 3inchHEENaIY Y F L —X %2, BEDE X125 emDFHIR
DBGOY =)V RV v F L —RTlEEfkL, TOLEETIAF v IV FL—
RTCEIVATLERS>TED, EENSX>TL B FRMENFNHT
VR E T IAF Y 2V FL—XTHRIL, BB LUCETLS DR T
ZBGOY =)V NOKFEIRFHEBIZ L > THRET S LI IFFHIN TV, B
Ny N—Z N EE LR AU vRIIEZORCRLFALTE
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Electron
acceleration

Bremsstrahlung
Gamma-ray emission

Soft Hard Soft

X221 AT N=A MDA A=, BEFOAHEIPMHEEBOE EIZHN
AR MVIZERBE L 20 (RIdR), ©— L0l o #n 5 1% 2k
S5 75 (R E), EEIEIZD > TREBEIT S L. Z O
BEIOZLDEIZEI A XN, AT MUDELR>TH S
SN RB e \Wo ERR AR MVEFE L TEHHIE NS
X9 THh 5,
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Tt U72 K 51220024E D% A U TOBLH [10]D1E A 2011FEICTIERFE S IT X
> THHEFERIZTBR T bh 27, FHAEFLIERHRE S NZREE =
RV VT RAMIBWT, HEETH YR 7 v 7 ADEH & IR &
AT BEGEHPHRE I N, ZOHERIE BEIZEBEEZORH D
ST S N2 MEGEIE O K ERB B TEBRD H < MR OHERE S LR & < 3
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AFEEDSC, B HEOFEALEL 2511 TOBIE, KK
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RRIN WODPEALEEA VIO Y I N—Z M T, FOWEIX
2.2212 /R 9B, ZEHELEPMHBELUTEHL T W, ZNIETFTHREE
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FDSBLERARTHD, 2BHIZHEDP T2 ARy N OREIZET 5, HiEi
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TEESPREINTVWBE T —APEE EH D, EREIZLE /A X 2B >TWEHA
BEMEMNRIBI NI, Fle TOURARYIPERIZYa—bN—ZA NTH D AHEM
BEWD, RKRMXDERERNGEZT T N—ZA M- TWAEZ EWBHEHT, 50
RS E LW & 2 b7,
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% 3.1 CGROWTHEEDOMEH 1 7,

CBUEE [ RIBES | BN | BUET | B

2006 | daqOB 2006,/10/30 | 2007/07/16
2007 | daqOB 2007/10/23 | 2008/06/13
2008 | daqOB 2008,/10/27 | 2009/05/26
2009 | daqOB 2009/10/30 | 2010/01/06
2010 | daqOB 2010/12/02 | 2011/04/01
daql 2010/12/02 | 2011/06/14 | daq 1B FH4A
2011 | daqOB 2011/10/04 | 2011/11/05
daql 2011/10/18 | 2012/03/29
2012 | daqOB 2012/11/26 | 2013/03/01
daql 2012/11/26 | 2012/12/12
2013 | daqOB 2013/12/20 | 2014/03/16 | daqOBEFH#& 1
daql 2013/12/19 | 2014/06/27
2014 | daql 2014/10/16 | 2015/05/08 | daqOAREEIBH A
daqOA 2014/11/14 | 2015/04/14




4. GROWTHERAID F & &

4.1. MESTN 20V RO

KX TEETLHGROWTHD R T — X 2 HERE L TE L OZEDEZM4.1IZ
RUTze MPOREFDIITEEN VAR N TH DB, 1 XY FOW
HAEEERITUSHTRHELULSIBRSE, FHTEEEHZV2AITOA XV
RDZDoTWVWBED, T DIESDEIFKREL, 20BEEZIT—DH IR
v N DR KL 20084E IS, 2014 XS 2 M U 7z, ZHIFRED TR
SR RMLTWA EEZ 5N5,

2006 |
2007 |
2008 (NN
2009
2010 I |

#2011

I daq0B
2012 el Short burst |
| dagoA" Long burst |
\ aq

2013

2014 I |1
. A
100 11 ]12] 1 2 3 4 5 6 7

FE REE

Xl 4.1.: K3 UIR U - BHIHAR OIS 2 £ RIZ U725 D, ML B > —
XY DERE, FIg Y — A VIZE&ENBHTH D, tBfFE0Ex
Z M EEE (daqOA, 0B, 1) Z & OBHAHAM 2 K3, 7f & 5 OOk
XEEBIZLDH VIO AKHERE2R L THD, FREIZTERT
BPHYITN=ZANGR) - ¥Ya—MN=Z MNEIZHEIN TV,
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4.1.1. BERSRRICEZhO Y N — NEE)

2010412 H30H (ZdaqOB & daql THUF E 72 5 A b 77— 7 (LABELC) D il &
B4.202 R U 7ze 22K ELS DT TOOREAP BN T WD, F 7,
daql(BIH7R) 2B W THI150 count /s, daqOB(EIH1H)IZ H W THI120 count /s T
R d 5 EHEED | 23H B, E 7z, 17:00LH%°20:00LH 12107 T TR
Vb ERoH e, IRFEIEEDFFIITY > < b &HET 5 EBEWEHK
1 BB, THUTINA T, 1330 TANA 2R ] DS DR
B TR o NS,

Lightcurve during 2010/12/30

- 500
w
2450
5
2400
(@]

350
300
250
200
150 [k
100

50

i‘\H‘HH‘HH‘HH‘HH‘HH‘HH

e ey ey ey by ey by
03:00 06:00 09:00 12:00 15:00 18:00 21:00
Universal Time(hr:min)

4.2 M WH XKL MEdh I AU v b L — b, R IdZdaqi(Nal), &
1ZdaqOB(Nal)iZ D\ T, 24124 72 o THI100 keVEL b D #3512
BIFBLCER LTz, HENIZH SN D3DDREAEHNT WS,

S E Ny 77T v RBABEBCD)D 2 b EFE KA 721 W R A T
WA H DT, FHCH ML O EEBSMERMKOKE)IZ L > THED
TWdeEZ6N, ZOLRLVEDENT VL —DPETFT B EIT
2\, X420 5 E AN S D, daql(7R) & daqOB(F) TIEZ DR—A & 72
L5 L — b RELSTWS, ZHd EIZHMEBROERHBED S A
WX, JH D IZH BEREBRFERMAKEDOE PNV E KL TWEED EE
ZH6N5, [FAEEDZEIZdagAC daqliZ B R o, ZNZ2RL7ZDOHX43T
H 5, 201F0HBHIZKEEBL CWAERESRDOTF—XZ2RUESH DT,
daqOA(BGOY — )V YD AR IZFEF TR E W72, £ DAL (K
?@L)Ci500 count/sCZ;‘%j" 5,

URBHRD A7 > b L — b 20z, REZ2EENZE > TRULEZT T 7028, HY <
NeEDORMAEE 2 KT, 2.1HBMH,
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4.1. PlEEI NB H ¥ T RE DR

Lightcurve during 2015/01/05

1 L | 1 1 | 1 1 | 1 1 | Il 1 | 1 Il | 1 1 ‘ 1 L
0 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
Universal Time(hr:min)

43: B K D7 Wi & 12 B 17 Adaql(Nal,  7F) & daqOA(Y — b R,
F)DOLCIHE, 1IHZ@ELTHEOD ATV ML — MIEFHPR SN
AN

EWEEN S IEBEKICHE > THERUZBRENEREDLINZEDTDH
B, KREATIZ XI5 B EED2Ru(GI T T VRN EENTSE D,
I KRG THt Z 3R H T28Poll fEE L 72 AY 5 K& & 1%k L
DD, T OISR - RSN OB HIEZ AR VIR LT W5, FEKHN
X, WITNEERTHE NS DRFELARMEZIZFR L EBIZBHERLT
WA TEMIND 72D, W ETHREINIMEBIZE KT S, 0L
[Rn washout] &IES, 204 & WS IEFIZEWEIHZ £ D20ph £ THIEEL
TUFZIEMEBIXBFOILDMEIZE S 728, Rn washoutiZ & 5 i & D )k HA
FBEEENIT, 28po L 20PhDH D AREERINIZ & 4 5 2 T D IRIERE D )5
WO & 7052, K44ZRT LT, KEDFHE©OI%LA E)iX

218pog — [ = 3.05 m] 2MPb — [26.8 m] 2B

— [19.7 m] 2P0 — [1.64 x 107 5] 210Pb (4.
E WIS IEF THED 72 D Rn washout D 1385050 & 72 b, EBOLCEIZ
RONBPEEFEH L IZIT BT 5, FAMETTRT LT, MBUZER
574 (HERR) DB E B,

ANA TR EENT VB TH D, BHasizF DRI ZR Uz, 20D
MHESBTHFFIZREINTE D, BERPORDSPIZEZFH L TWE, £2F)
DERA AT —)I)VDRn washout & D HIENIZFE W2, BEKFDOEDEE
JHEe UCHHET I 2iFTEd, BEEFETHDILERAOND, TI T,
CDEIIZEPEEIMENERK U TR ZH#HZUE 1RV b &
e, Bl4202 EiE, BERAED TVWARMETA XY MBEDTWS,

PEBIZIIEPHE o 0BT TR B0 T E L URZITE0. InNs D8R
&0 RWKHZH 2R,
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The Uranium-238 Decay Chain
Atomic Number
82 83 84 85 86 87 88 89 90 91 92
Only main decays are shown

Gamma emitters are not indicated Th-234 | O |U-238
241d ¢ 4.5x1093
B TPa-234
117 m B
Pb-214| O |Po-218| O |Rpn222| ¢ |Ra226|  C |Th230| o |[U-234
>
268m |[€—— 305m | 382d € 1600 a | € 7.7x10%a [ 24x10°a
B Bi-214
19.9m ) .
B Element Names Half-life units
Pb210 o Tl U - uranium a- years
. Th - thorium d - days
223a |« 'I.Mrll-!‘ Ra - radium h - hours
s - )
Pa - protactinium m - minutes
ﬂ, Bi-210 Rn - radon s - seconds
50d |3 Po - polonium
\ Bi - bismuth
Pb-208 P0-210 Pb - lead
Stable | €7 |138.4d

B 4.4.: 77 RO MEEFHE, 22Rnk b L MO IZTVT NS HIET
EUATH D, Rl > THIDTRAFIZEMALE ULTHRESINE, Z
NHFET L 2 & T AT RKUIT2BPo MG S, ke & & 12l
LIZBETR T 22 2T, —RICREDL B KT 5,
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4.1. PlEEI NB H ¥ T RE DR

IHNEFETOARYy MTHBELUTRSNABMEAT, 1 X2 hAFEKE [FHA
TEHEIZEEEKRLTWS,

event 20150124 LC

~ 3500~

is s

£3000F
8 C
2500F
2000F
1500F

1000F

5001
i epesstnmaimit iAo MM ““
_l 1 L ‘ 1 L | 1 L ‘ 1 L | L L | L L | 1 L |
46:02 16:03 16:04 16:05 16:06 16:07 16:08 16:09

Universal Time (hr:min)

453 B A R B (20150124) DdaqOA(F), daql(#R)IZH T BLC%E H753 18
HER U TR Uz, WADHMHEBIZBWTAIT Y ML — D EFEN
Rons,

4.1.2. BRIBYZR2 2R ML

BEARP R WREEH I BT 23D DMIBERD AR MV ZADCEM TRART
e, H46D &L SI27B, daql(#R) TIE100 chBA ETRERFRB L Z 103
TR R A TE DL 100 chBA R TIEANF 3 2fE O k77 D L1
WL DODRDITA UBRRONG, FIEIFFHMI 2 - A VITHKT 2 H
AR CEHBAT E, BEXEET I REMGRICERNTEEDTDH 5,
1024 ch(KIAUIIZH A TWAEINASNA 71X, ADCO IR K AT EBIE % #H A
LREEEEOEHIT AT =y MZLBEETH D, PLEEFABEDIE
I WTNOREEIZBEWTH RSN 5,

daqldD AT N )UIZIE55 chfFir £ 100 chffEIZ KK HY.D 714 VD
Hb, ZTOHlFaryr)—hMIEENBOKE MY T LARFIO8TUZHKT
574V THD, HAKDTA HdaqBTH R 65N 5B, —H. daqATIE T
AV DEPADITIEZTWD, Tk 332HTEHLZE B, YU F UL
—XDPIRIZE 2> T2OD T A VR ZENFN2D T DIIHHEL 2558 T
H5, 77, daqOATHWZZBCODHE D NallZ LR TR W Z & AFHANT
DEREEDME R U CWAIRFHHERTE 5,

Rn washout WFEIE T BI5E 1215, AR MIVOBIRDBZET 5, 4.7I2,
NalY v F L —ZXZMHL TWAdaqlDIERIF - WKKFIZHB T BE UK
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24 hour accumulated spectra

—
o
2

—— daqOA BGO 2015/01/05
— dagq1 Nal 2015/01/05
daqOB Nal 2007/01/19

—_
o
[+2]

(5]

—
o
B

Counts in ea_gh channel
Q

| p4BMeviK
| t22MevoeT]

Pl i TR T I O I
10 10? 10°
ADC channel

4.6.: BEAK D72\ H D242 D 72 o TRE L 723D O MR i85 D ADCZE[H]
2B B AT M, fklddaqOA, FHikdaqOB, #Riddaql, 7 A V&
ELELEN, Ll T HMEE U T2ARK(daqgATIE T 1 Y & D72
DIRKYD T A VDBEETH B,

DEEBOARZ MVEERTRUE LBIEERLEZTA VOMIZH,
K4.7CTHREIA B, D, ECRUZZEDIZHN DA VDA TWE, 1
5 1ERn washout\ZAZ K Uy, £ N ZF N2MBIEHE D609 keV, 1.12 MeV, 1.76 MeV,
220 MeVZ 1 > Tdh 5,

42. TR)LF¥F—F+ 1) JL—>3Y
421 Fv Y TL—YavORENAE

CZETITMUREART PLVOHEIZED, W<D2hD T 1 yOifske,
ZOIRXINF—HEERE L, TH5DT4 YOFDADCIEZE KD, FEHI
ThHdHI7A1 VDIV F—ERIEMNITTAHAR TSI & T ADCEE = %
VFE—OHIGHEFRERD S, N2 VF—Fr )T L - a vl
3 AWDSE T A IIBIHIEAM 2B U TRENIZIE —E IR 72N 20K EE
D1.46 MeVT 1 > L28TIHRKD2.62 MeVT 1 Y D2RKE LTz, N7 —1m—&
A7 OMEETNVE UTRELTARY MV 7 4y MEFETL, 2D
DIA Dy —ADCHE % KD 7l & 4.817R" U 7=,
IIHOLTRESZTA VX —DADCIE L T %IV F — % MR IZH -
T. ADC vs EQOX4.9( E)2MED, ETEAFL2EZEDEMBI)EZRDE Z
YT, IAVDIRNLF—eRnDT5E, o EDMEEE (751, ]
Fre (X 7%y b &IPSR, ZOEMIE EADC)&A5HMTDH 5,
I F — LADCIH D X IGBER VRN 2 & DR T 5720, &
HHRREFDARY ML &H 5 T, Rn washotFAERIZHEU DT 1
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42. TANVF—F¥ ) T L —a v

dag1 2010/12/30 12 hr accumulated spectra

c —— without precipiation |
o1 06 E — with precipitation
= E A
5] E
S48
£ E
] E
510
o E
(&) F
10°E
10

10 10° 10°
ADG channel

H41!m®t%®m¢@hm%b()KﬂMﬂﬁﬁ®%ﬁw®2Nﬁ
MV, FERTA VERHTRUZ, CFEITA VBENIFTFEAY
EEHL TV, M46THMBELZE B OREAKE IZEBERR T 1 v
ThHH., TNTNOKHFKD1.46 MeVT 1 >, 208TIHHKD2.62 MeV Z
AV TH 5, A, B, D, EIZFEAKIZLHE S Rn washowtZJHD 7 1 > TH
Do

daqg1 Nal 2010/12/30

—
o
3]

- 235

‘/\7 422545
/\65 4
A,mz%e

\NW N
|

iy HWWW t

Counts/bin/24hr
5 R 2
JHHH‘ T \HHH‘ T T"HHH‘ T \HHH‘ T \HHH‘ T \MHW

—_

ol L L e
20 40 60 80 100 120 140

ADC channel

4.8.: daql(Nal) DR RKFD AR LIz L, Fv¥ V7L —Ya VIZHL
%1.46 MeVH L U262 MeVT A Y (FR)&, F¥ VT L —Ya vOfE
T FEATG 2 F N 2609 keV, 1.12 MeV, 1.77 MeV, 2.20 MeV 7 A > (5 Hyx
N — 1 — tﬁﬁ/?/@ﬂf74/$b Ve B A ey
HADCAE % R U 7=,
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gain curve

iy

o

o
T

ADC channel
™
S

7

[*)]
o
T

S
o
T

\

100-‘ — ‘
c 101~ :
S f 7
[ : :
= : 2 5
q>)100 2
© F 4
0 0.5 1 15

Energy (MeV)

4.9k M48IZR U FETTZ 4 v b L7146 MeV (512)£2.62 MeV

46

(FE) D2 ZBEA T ANF—F ¥ ) T —Ya Vv ERTE
MMER)DOHL T TALVF—Fy¥ V) TV —>a VEBIZHL T,
B2 274 vy R—=01E DM E %), T IXI%AAN T,
F WKL D 32> T\ 5,



42. TANVF—F¥ ) T L —a v

WOWTEUSENIRU7ZEDI 714y b2fFoTR Y X —{H%Z KD,
4.9 ENZR U 72 ERRD? O DFRAZ K49 PR Uz, ZThiZEniX B
D5 DT NRMUDR TRV F—REWE)TRARKTHI%THD, A7y
FREXETH S Z L ZHNTTIIE 0.5 - 3 MeVT X WERIZHED AL D 3L -
THH, FEOTIXLF—THHTE S,

422. A4V EA 7Yy NOBRBZEE EFREMN

rFAvEeA 7Ry M, [REDOEIE S P THESE - FHZE TS, T
NS IS S BMIIZ Bk S T wanzoH, IZIFEENS
HBOKELRLS, T4 VOEBOMAKZLERNE LTy FL—RDOFEN
=X ST BRI OREBMERAENFEL, FIZBGOY Y FL—REHWT
WAdaqOAD T 1 k. FEEEDIREMZNE 1%/1°C 12 & 0 BHEF IZ A #H)§
5, M, A7y NIV UFL—XROFENELT Ty MXADCEBIDT
VEBEIZHR L, BRI EOREL{IINSI WV, TNSOEH DK EE
ML, COREOMENLEL R0 HMT 5720, daqOA & daqliZ DWW
TIX20144FE DRI, daqOBIZ DWW TIF2007TEE DO SO T — X 2 v
T, TAveA 71y hOREWZMHERL -,

HE#DH & LT, daquiZBWTAHIZ D751 T D1 v 47
Yy FBEUOAT Y MU= MDA ZX4101ZR U7z, T4 VIZIHEAD
IREINR SN, HREOEBEDO L 12751 UP10-15%IF E T >TW5b, %
2OIHBTINIER/NE K> TWABDIZERENHEKTH D3, Xind
MR DOLCEIZIZMBN 2 RIBEDOM AP RZTWS Z L PR TE
%o BHF R — IV TCL0%FEE DT 1 VAN R SN D720, LA fEHT
TEFYV I L—YavEIFEI T 282 T5, A7y MNMEdbF
DAFEL TWRWA, Rn washowtD3dD 5 & &, 0.5 chiT E NWBHADH 5,
L. BRERIZENZ T 1 V53262 MeV T 1 > EAD SRS % B 7=
ZENRKDRMRAELEZEZ H6ND, BERPZWVE ZIZTIE K4a.10(F B0
SEARNND LB D, A7y NEBNITZ A VEH, TRLLIRELH
LA CHBERICEFHTEI EE NS,

FHIZHOH & LT, 20144FE D21 (20145810 16 H 22 5 20154E5 8 H
ETNUIDBdaqlDT A v e ATy NOELEE T NEFNX4.110D LB -
HERIZR U7z, [IBDFEHAFHNEET A LII2LD, HEHIDHKE
V0UFEED A VAR R ONS, T2, Bl S60H HDEETIEA
7Yy bOEFHPKEL LD, HRKT2cZELTWS, A7y hDW
HEMRKRELBSTWBERTHT Y ML =B RLTWVWEZ &0 o,
FOMMEPEIFEHRMU 2L D IZRn washout TH B Z EDERTE 5,

UETHERUEZEEBOERROA 712y bE#E)iEreal’s DT L, B
ETBZENEELY, TI T, daqliZ 2W TR EHiZELTA 7Y b
DEZ1.5 chiZEE L, 146 MeVT A VY DAZANWTT A VR RET S I &
WZ U7z, EDOWEHFEIZDWTIIMNERCTHHT 5, ZOF+ VY 7L —¥
aviZk b, 3MeVIZBIF BT RN F—AREMWIZI%LA T & 425,

3—fRIZ, BERIEDORIZIZIIERVETELNTE D, EREIOBAHENIZ X 2801 /O
BAATHNE LS 25720, HRENNS LS R Z BT WD,
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e
oy

—_

o
©

offset (ADC)  gain (ADC/E x %)
N

—_

N W
o o
o O

Counts/s

100

o
(4]
-
—_
(4]
N

OO

25 . 4
days since 2014/10/18

4.10.: daql(Nal)lZ B 1F 5201410 H18H 9:00%* 52014410 H22H 9:00(H A&
)& COAHMIZ D72 51 T D7 1 V(BB - A 71 v
NG IR AV VR NENEITOP /8

—_

I8 4 4

X
w
g 4
<
<
©
o

0.9

offset (ADC)

Counts/s

0 20 40 60 80 100 120 140 160 180 200
days since 2014/10/16

B 4.11.: K410 [H #RiZdaqud 7 1 > - A7y b - AT ML — )b
% 20144 DEMRIIZ DO W TR U 7,
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43 ARV NOMHEE VA NT v

daqOA TIX D REEDME N 72, Rn washoutFEAERFIZ 1£1.46 MeV T 1 VD3
HHEASIZHEENTUEY, 70w FPH LW, — 5T, 262 MeVIiZRn
washout DB Z Z1F12< K, B412ITRTEDICEFIZ T4 vTF 4 V7T
X270, daql@ I3 EL D262 MeVT A Y DAZHAWN, A 71y b EEE
THZLETFyY VI L —arvaitolz, A7y NOMEIRD S U DIE
KEFOADT —RIZHEDE, —6chlZRE LT, ZDFy )T L =3 il
E0. 3MeVTDOAREMEIZINEAT & 72 5,

dagO0A 2014/11/20 21:00 daqO0A 2014/12/17 00:00

124 127

53
T

3
T

Counts/hr
Counts/hr

b
T

b
T

10 10°E

AR R NI S EAEUEUN MR I M PR ER SR NI RS BTN B
50 100 150 200 250 300 50 100 150 200 250 300

ADC ch ADC ch

X 4.12.: BGOO(dagOAD ¥ =)V R VU F L — X )YDARY MV EFETRL
77 REKADIIINRNT—O—2HIVT7VDOHIZED T 1 v
MERT, BFEEHAIST VDR YR —ADCMETH 5, L4l
FNTFN, B NE & &, Rn washoutfFIERFD 7 ¢ v b LR
3% LU TW3A, Rn washoutDMFEIET B 45 DHITIIH127 chfF T2 H
%1.46 MeVEERR DS REABERCTH O, JKED 7 1 v b AikRD b T Bk
RDEND, 74w MZEERLTWS, BGOOTIX, Y VYFL—&XD
JERIZED O EDDTA U2 DII AT B, RINVHIVT
VIWZEoT T4y PUTWAREIZHEEINZ,

ZOUTHRELdaqOAD T A Y E# % 4131Z R LTz, T A Y EFHD
IR IXdaql & D PP RELBRELEREHLTH O, YV F L —XOIEEMK
P E L 12 FEA 6N D,

43. IRV EMNDMHBEV ANV T

4.3.1. S/NLED&#EE

K472 R U2 ART RV T, HEFEENR R SN DIEFE R U 2 HEERD
R DOARTH 5, Z DOEEFRFIX2OSTIH K D2.62 MeVHEAR T, EAMIELET
LMD S5 b TRADIRANVF—2FHOZ Ao NTWDS, o
T. Rn washoutDZ2E 33 MeVIA E DI KXW, — ., FEENLSDH
VRARE S IIRER B3 MeVBA FDOH v 2 AEICE D, F 2 T3 MeVEL
FEORIBOLCOBAKES MeV LO)Z HWTA RY MM Z2TS>Z & & LT
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Counts s

‘w h | h
e F
=4 N .
%OOOM 1000
SF
500f- [
F £

e 7 N TR NI TR T- X v A - 0 20 40 60 80 100 120 140
' ’ ‘days since 2014/11/14 days since 2014/11/14

o
o
o

4.13.: daqOA(BGO)IZ & 5201411 H28H 9:007* 520144 12H2H 9:00(H A&
IR £ CO4H M (A L2014 E 2R () I 7= 5 1RFH T & D7
AV (EB - T Y U — MNFE)DZH),

[X4.141Z3 MeV LCOH % 79, BCGDOEFNHATE D, bBhD1 Ry
MZFR D, BCDRREIZN L TA XY b OMHNHZEHS X230 T\Wb Z
EMINB,

HIFERRZIF e Dr A v e A7y FE2HWT, dagAD3 MeV
WZFHY 3 BADCIE Z R D 7=, 2014FEE D5 A5 2T — X IZxf U,
ZDADCHEZ ERIZ TR )F—Db v MMafz100 Z &Iz ViZEED D
DHH4.15TH 5,

RN DR ENIZE A LR, EFERDDVSUIEE L NEH LR R
Sl bbb, BDIMNIZROSNEBCGDOAI T Y ML — MEEHI XA A
A=)V AR E & B, BICFHEZOD OO EZ KL TW
HLEZOND, KX TlE INZRETHI LTI Ry M ORESE
M % X9 2 HL S,

432. MRV MRH] ODEHEEBFREDREIL

ARy M ZERAT S0, 3 MeV LCOFREWD S FI2HWT, i&%H
DEryDHD MHEEREE Z2EHEL. 202D LHEZ EN5Z &%
M CIERZ &I2T 5, iZRHOEY IZEENS 74 bV EEN & L,
ZTDSHBGDEBETDHE, T b VENIZHES KRR REIN XN, TE X
5N 5, BCDDRMIRAENIB VA TE B X D ITHEE(ON; > 6B;) T
X EEHEERONDE T+ M rOBS IS, =N, - B, CEZ 6N, ZhiZ
N BEAREMIFVN, D, T To%
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43 ARV NOMHEE VA NT v

—_
o
™

Counts s™
—
o
w
T T \\HH‘ T T T HH‘

10

1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l
11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
Universal Time(hr:min)

4.14.: 201501 H24H Ddaq0AIZ & B 24KFfI1IZ 072 L0, EDOLCH LT 2
VF =B DLCT, %3 MeVEA EOFIRIZH I HLC, S/NELA A
EUTWES,

daq0A season 2015 3 MeV lightcurve

S
|\I\I|\II\|IIIIC|)I\II‘II\I‘I

| | | | | | |
D 50 100 150
days since 2014/11/14

4.15.: 20144 D43MeV LC, #iHl13201411H 14H 2> & D fFa HEL
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CEDD, IRV INATY ML —NERp(t), BGDAZT Y L —MIFIEF—
EVERpE T B Y, YVVIBAT = Ti — THTEHBEIZERT,

Ti+AT
BF:/Q dtRp = RpAT (4.3)
T;
Ti+AT
Si:l/‘ dtRp(t) (4.4)
T;
DK DAL D h S Nd 20
Ti+AT
dtR
o; = = fiT r (4.5)
vﬂ;ﬁ dtRE + RpAT

CEWTE D,

AR FEMREILSHMBT S22 2R RMET 2 V0828 RS
5 EDNHEYIT, ATZAXRY PDLCAEB I ETHIEFDABIREEDOEX
WCHENIEZ DESRIZTG - I N B4 FITEEHN v BOMERER 2 K EH»
CRED L7, FTHTRTHONIARY MNBYIN=ZAMNTH S
HEDEVAMNY Yy FUTIEAZHEILZEZ A, HHEWVWDHDTI00MIEE T
Hoty FIT. KX TIZZDMEEBEEAY VIEIZEH L -,

YU Z100FMIZ 3 E U 723 MeV LCOYEIZ YR U TZX4.15TH b, BGD
(B)DEr HDAr =V TIRIE—ETH S Z & WHARN D D, LC% vz
WdHZETAHAI YN — D2 R5L, TORIXEEAZT ML
—MNDRT YV VBRETH DB LD BIREERENZ B0 o7, D
T, BEBIZIIBUNMNIE# L TWD, ZOZEEZBCGDOHERNE L L THD
RO 720, 353QH twiceih [32]& UTHIONT WA AL =T VT T 4 )L E (B
353QH) 2 D CLCE AL —ATHZ 22Uz,

3BIQHIFAT 4 TV T ANV RER=AL LA —NAT 4 )VEAD—FET
H>b, TDHY AT ORRBERMEIFABTIZRL, ZREEGFTLIE
WZED, WMEIZCANT T LE2T7 Ty MRIBIZEDIFTAHEZE D, 1R
v NEEOFZEZRD R ITIENZR D OB (~ 1048 A E)ESTF U R I HIE
57, FHEICOCRRSED NS, T T, RELAL—Y VIR ER
57280, T—XD—HIZHLUTIOFETAF ¥ V2707, ZTOME A
L—AE 723 MeV LC(BCDDHEELCIZAHYNNZ T B IDLCDIE S D E N
RT Y UNEIZREDEL 2D, SEBEEEERN L L5 DI1F105H D & =
T. DEDMEIEET Y VAR > 2B ST X N B EDI9% & W\ D Y
WA & 78 o 77, R ERD TR B,

ZIHOULUTH#HELUZBGDD A XY b JEABIZET BLCDH % [X4.161Z 7R~
T, ARVEPELCTVWARLIZBEWTE, BLOY Y & IFIFHE UEE
DBGDAHEE I N T WV B,

URIZATZA RV FDIEE D IXE M KESES &, BGDEKDESBIZA XY Mk

DIESS;HHE N, KT, EE2ITNES KNS, ZTDEDH/NE L L>TWVWIT N
HEMENTIRS, fE5T, ATIZA XY FOLCOIE & FFEE TRIFIELR S 720,
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daqOA shield raw data & estimated BGD

—_
—

Counts s™

10

8 !
\l\ W “| ik ”“ J‘M ﬂ “ i ”“ ”H” ’”le \I Hf ‘ ‘1 I Hv M“HMW i VMIV Il “HVI I \# M ‘W “i i

| L L
01/16 18:00 01/16 21 :00
Universal Time (month/day hr:min)

X 416 1 XY N E2BLFET — X D3 MeV LC (H) &, #E I N7ZBCDDLC
(7R) D,

4.3.3. 2014FE Ddaq0A1 N> M

daqOAD2014EED R T —XIZX U, RBifi Tk R7Z#EBGDE H & 12, £Y
VOMBAEEE " RO IR H41TTH B, 41812 DL A N T 5 A
ZyEIZE L CTHEZE DT, BGDOFKHP ST ITHLY T EEZSND
DAL T B, FORIEART Y vofik U TSN 5IE/BD
oo 7wy, X< —H L7 ZOEE, KTV UNAMPSTNTNWS (4
TE ] DA RV MZAHY T 5,

IHOLTHELNEZT—XIZEEZZELTARY MRE 21T D 720,
AEIZH U CREREZE D EEES D EHIFES ] 25RO T — XI5
ULTHIWZEDHAXL.19TH 5, MefllE THHEEE] ORTEE B, 20144
DTF—RIZHLUTHAHMEZZELZEE. WL DDbin G| > B %
RLUTWD, ETF— ﬁ(i?‘f?)é:BGDo)jyr?/bV—hb*%%fﬂéh%ﬁ?
VUSTEEMITETETIZIE-HLUTED, EF— X Tldo > 41DFHIK T
ARy MZERTEHNODMHEIPMBEERAL > TWB I N gh b, BEEM
12, 22DRAEDE D BED > THNHDA > TWAGFIOEREE~ 4931 RV
N Hh DB o, DIER T B 5,

—H. o =4TIL BTV UDHIZHESIBCDTH, HEIMWERTA RV K
CHHEIND, 419D FWHRIZ I NIE MY S EDARD T —
ZDIGE. og =48 T B IR DDA L FRAIS Z LT X, HR
H D A% 1[N 72 7 WK EEIZ £ T RIT 512130, 24500 EIZEm O IE &
WZ EWaND

IHOLTULEWERZELSEET DL, SEIEFARVNTHBIZHED
b’é“ %;uéf@b%‘&&&é#’b#fbh%fff\/]\fﬁib%o o=45DH7-

THEBHE EMEBEDIRELUDED 720, ERIZEL SO EDLCEH
Tﬁfﬂ%&)é bl A S
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4. GROWTHEHID ¥ & &

daqOA shield significance

60
50
40
30
20
10

significance

-10

1 | 1 1 | 1
01/01 04:15 03/03 01:13
Universal Time (month/day hr:min)

417 04 EL T — X DA EE OS2,

significance distribution (smooth x 10°%)

)
—t
2

—
O!.A

5=0.8865 + 0.0021

—t
S

number of bins C(c

—_
o

111 11 1 ‘I I T ‘ T - | | I T ] || | I T ]
-10 -5 0 5 10 15 20 25 30
significance o

4118 BREENMHBE)EZTDH I AT 14y bR, K172 yENIZHR L T
5770 74w MIKREROFEE TITo 72 1ZIE3cF L —EL
TW5, o> 25%07z 3 AIENFIET 5 Z LhHEANSE, 25
L= DDA Ry MefiTh B,

o4



43 ARV NOMHEE VA NT v

Poisson distribution upper integral

g 10° _L_|__|
43 E _‘_|-|-"|
% 10k H"’o,q
o0 -
B o b
g10°E
e F
E [
210% g ;i{’
10k it
= l‘l T
1
107 >
10 1

10
threshold significance

419 HEESAA D LAFD, FREET — X, GFIEET —X & EH
ORI D S E(RT Y VR MA)DADT — R 2 MEL 58,

FKaUZo; > 4% =3 (A XY Mefdi] Z2VANT Yy T U7 682 L
DL TOMBEMIZAMEIZA XY N TH YD, Rn washout & [AIHIT 5 & & £ 12,
238 VIO o THBK LU TEWEREME-NT W, —H, 40<o0; <
LADMBERHIINTNE TN o ORBZT -3 Z 2 13K, MEtw o ETH 3
ZENBEHERWBIRTH o7z, ZTOMEEIMMETH D, LIFEFEL
Totake DA TH BMA L FJHFE LRV, ZTHIZE D, oy > 62 ERTHIX
HBEISEEN VU IBARV ME2RIETE S &@LU 7

2 4.1 daqOAD20I4FEE T > 78— 2 b DR ) A b,
| MR | AR | HERGRIR R
2014/12/02 08:24:10 | 59.8983
2014/12/29 21:54:10 | 25.325
2014/12/29 23:52:30 | 30.9642
2014/12/30 00:35:50 | 8.51647
2015/01/11 18:54:10 | 6.81334
2015/01/16 19:52:30 | 10.2368
2015/01/24 16:05:50 | 64.4833
2015/02/08 06:22:30 | 4.43787 | 1 N> b TR
2015/02/14 08:22:30 | 4.13655 | T X kTR
2015/03/17 17:44:10 | 4.00944 | 1 X2 b TRV
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4. GROWTHEHID ¥ & &

DA Tl R 7 B A 22 R 12 JE S - T daqOAD20144E FE D L LCIZ R L
THHIZEAARY MHDPZTLTWABS, ZTOEREZ, R4UIR LT
BERD D BEBBIZARY N THLEHEL-E D ELIKT 5 &5 —E
T572H, HHRIZEBA Ry MMlittidoy, >62 WO FRMEEFRELZZ L L
FIFEMTHEEEZSND,

43.4. >3 — M X=X MDY

[X]4.200Z 2014 EIZ Bl S /-2 VE*‘FN—JKF%ﬁj_\um% IDOWVWT
ARG S TIEFERIZBERZ LRV, & tl?ém%ﬁﬁf%b ZTDIRR
Tt DAL HAA DN RRE N2, T2 TEDOMRBIZDOWTHRRS, ¥ 3
—bﬂ—xb@%%itu%M%tﬁ%btJ@MWK@@T%Vﬁﬁy
NV —=DNTHYBDPERT HHATH D, binlEI IR DLCE LKL THE
HITBHZLIZUTz, 3MeV LCEHWEIEGE, Y BOEDNIEZIZH > T
bim#xofﬁﬁ#%b<&%t@‘%Wﬁ%@h%%b@M%%b
THHIZEODMETZ2Z & Ui, 204FEEOET —XIZOWTHEL -
EZAFONTZANRNY MI2DUA7e <K, FKa2D K DT o7, X4.201273
L72& 912, WINDOEHEEHZERIS EAD, 8B HET 2T
ERUTWE, —H, ARV RNES LU TRERERIZE > T\,

daq0A BGOO 2014/11/14 dag0A BGOO 2015/01/16
x2 / ndf 36.73/37 x*/ ndf 54.91/47
"o r Prob 0418 | 022000 E Prob 0.1999
i) L po 590.8 +47.8 £ 20000 po 738.4 + 68.2
510000 p1 360.6 + 97.0 3 18000 p1 2.1626+04 + 8.635¢402
3 [ 6+ 97. 3 E . +8,

o r p2 0.02929 +0.00291 © 16000 p2 0.0671+ 0.0027
8000 . 14000 ; [01+[1]"exp(-(x-71550.5)/[2])
6000k 12000 ?

r 10000
4000 8000
L 6000
2000 4000 t
f t 2
ﬂ H +++++ ﬁ#ﬂﬂ ity ﬁ# 2008¥ R Tyttt o
4258 4259 43s  43s1 4352 4353 4354 4355 30s2 30s3 30s4 30s5 3056 30s7 3038 3059 31s

Universal Time (sec after 14:12) Universal Time (sec after 19:52)

4.20.: 20144 JEIZdaqQATHR I U722 3 — M N—Z M DLC, fllH Wik
Gl 2 B 2728, EUIEIFIomse U, EA e bEEoL v
1208 s& U7z, FAMIIEBEEIZE 57 1 v MER, HEhDsiT A
S ERT,

S2014FE1HIZHRH AR ZRE L Tk, EAMICEBHI A N I—72BHHTFzv 7 L,
ARV NPEZR o TVRNRE I DFART Wz, ZOMFEEIF43AETERERRSE Y a— b
N—ZA MeHiZFRTEY, BARMIZIE FTIRIA N I—TTFzv 2L, EVE
t&)bfﬂbif’%l/?’d‘é RO IRL T, EEMRM L IRz DOWTI,
T — R MG S VIRERIBRDIESE % FE17 L 7=

26



43 ARV NOMHEE VA NT v

F 4.2 daqQAD2MEEIZB T B a— " N=ZA DY A b,
| HREER | = 20 (eps) | IMERFER () |
2014/11/14 14:12:43 ~ 10000 29 + 3
2015/01/16 19:52:30 ~ 20000 67 +3

4.3.5. daqOALLA DA X K

daql & daqOBIZ D W Tk, Z 3 F T20064EE A 5 42 T D3 MeV LCIZ D W
TGROWTHF — LD HBIZ X > TARY bAIHEINTVWSE, <D
TR REEEGEOW KRBT —REBEWNICA ) —=0 7952 L I3EE
BNL L, PORGEXTIHIEERFUEHE DN XY MIIZERH LW
O, TOHHIV A N Z2ZD0EFFBRHIT LI I U B, ZOVYAMIX
AP 2 G R 2SR E K B Z 2 IO Wzr vy I N—=ZA ML) - ¥ 3
— M= NOS)D D EEEE D,

4.3.6. MEAXRY N RN

U EDBrizEoGBonz2t Ry M EHEELTRIIIZE LD, 1RV B
HET T, 2D DA TI00M AN IZRE SN2 DIXE—D 1 XV b
AL, Tz, Y I AN—2 NOFRERLIL ¥ UIiEI00MDOLCE
AWTA Ry MDA EINRL 2R U, TD7-d, 2o ORZIT S
TLEHEARY PEABLHOFLTIHRL, UBROMITIZED, X5I2EL
WWETIRET BRI ENTE B,

o7



4. GROWTHEHID ¥ & &

o8

2% 4.3.: 20062014 E LA XY MY A B,

ERPAEAR T

|

SRR ARy

5

20070106 daq0B | 2007/01/06 21:43:30 L
20071213 | daqOB | 2007/12/13 16:00:10 | L
20081223 daq0B | 2008/12/23 05:47:38 S
20081225 daqOB | 2008/12/25 09:28:40 L
20090112 daqOB | 2009/01/12 20:29:49 S
20090125 daq0B | 2009/01/25 13:33:00 L
20090211 daq0B | 2009/02/11 10:40:00 L
20101230 daq0B | 2010/12/30 13:34:50 L

daql |2010/12/30 13:35:30 | L
20110125 daq0B | 2011/01/25 17:01:30 L

dagl | 2011/01/25 17:01:00 | L
20120113a daql 2012/01/13 00:27:00 L
20120113b daql 2012/01/13 03:52:43 S
20121209c¢ daql | 2012/12/09 04:29:30 S
20141114 daql |2014/11/14 14:12:43 S

daqOA | 2014/11/14 14:12:43 S
20141202 daql | 2014/12/02 08:23:30 L

daqOA | 2014/12/02 08:24:00 | L
20141229a daqOA | 2014/12/29 21:54:00 L
20141229b daql | 2014/12/29 23:52:00 L

daq0A | 2014/12/29 23:52:30 L
20141230a daqOA | 2014/12/30 00:35:30 L
20150111 daq0A | 2015/01/11 18:54:20 L
20150116b daql | 2015/01/16 19:52:30 S

dagOA | 2015/01/16 19:52:30 | S
20150124 daql | 2015/01/24 16:05:00 L

daq0A | 2015/01/24 16:05:00 L




5. GROWTHA XY N DM

ARETIE, HFAETRUAERA XY MIX L, 3207 Fu—F 20T
ORI ET 2, 3. 014F OB TR I N/22D DI WA Ry
NTT U7 L= b eRBENETN. TOFEEZIGHTEIETETOA
Ry bz @ B TR T 2,

5.1. Kifiat1 N> b DEEHT(1)

F4.312R U725 520141202 £ 201501240220 D A N> M i E104EDGROWTH
ARy NOHRTERBNZIHS . daqOA. dagl. MPT R T DR H 8 CHEHIX
. LCOHID VIR AT M IZDOWTERINAZFZ R/ E24TD 12 E B8
Wb, I TAEHTIR F9201412020 FEHRT OFE R %2 R,

5.1.1. FUET D #Efx B RS

A R 201412020 dag0A & daql D3 MeV LC%Z Z N Z Nk & & CTH5.11ZR U
7zo daqOAlXdaql DEFELA L FEANL <. F7230MF BN THUK %230 2
TWAZeGANG, —H, EAWNTZRDD2IVRTH 2 mlld @
TW5b, TOEEZHET S0, AoV 7 Vv RBEBICEE 740y b2E
fTU7, ZZTUWREEIEINY 2757 RIZHYT B0 E UTIREL
7o 74V FOKREXSUIERTERRT S EEHIT, NTA—XEH51IZ
X &, PAFIZFEIBED @I 217 5 BRIZIE. Rn washout D522 % ) 5 7=
OIZFEHIE U T3MeV LCEHWS Z & 2T 5,

FWHM THER X 1 2 Mk RF R X T TL0%FEEE D 22 L D7\, TEKD 5
BRINTWSE LS, ZOLEFHDRA LA —UVHBEEIZ L DEEDOHR
HERELTVWDS DL LS, I 2 THRE L ZMFERRIL, JE®EZ i
LT, BHDPEEL TWAHEIEBAT, RS0 1 X2k, ¥—20D
R Z X ZF OB EI O TFZ2ER L TWE Z &Ik 5,

£ 5.1.: 20141202Ddaql,daqOAIZ B} B 1 X N DFEIT

| BR[| ¥ — 28 (cps) | ¥ — ZIZI(R: 50 F) | FWHM(s) |
daql 239+ 14 08:23:33.72 4+ 0.46 25.29 £ 1.15
daq0A 151.3 + 3.2 08:23:56.13 £+ 0.20 27.88 4+ 0.47

KHTT VU IIREBIZ LD 7 4w MMERD S b,
HIYTVDINTA—=RDAZRL T,
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event 20141202 LC, > 3 MeV

£1 80

5160
(]

O140

120

100

80

60

40

20

0

daqOA
daq1
Gauss fit

0823 0824 0825
Universal Time (hr:min)

5.1.: daq0A & daq1 D3 MeVEA ED&EIHIZE T ALC, ¥ ViEIZe TR U 7=

512. [IRL—F—IC L DEFEHTE

JRFETIIM R ZHIE L TWA D, SEIZE > TREIXELRS72H, FHE
ZTOLOOBEEE L 1ZHRL D, TI T, [ZEFDVPAALTWEIEEL —
X—=DT—REHHEU, BRKIAEOBED? S EEZHEET 5, T — XIEH
HRFEFZEMEAIC LS THEFET—ZX=Z1] 2o N1 F VAT
Xyva—KU, TA—KRY 7 U722V THIE L TWS, Z OffHr
DIEFZH5212R 7T, KBV —X— 3B AKEZ1I0DB EIZEBHAIL TW3,
BEKEVPERLU TR L >TWAEFRAPKENICEEDMBEIZNIG L, 1B
VI N—=Z N FERTDX 5.2/ TSRO HIZH - 72 EED, FKER
DOE52GTIHEFIIBELTWS, ZhiE. BEENSH Y ENEIRT S
EWIHHIGE L —HT B, ar I N—ZAMNBOBEKEOY — 7 iED
BEIHEE 2, EROEHERETH 5100 TEHl-> TREZ G 7=, T OF5E,
#5207 R T EGE & [\ & 1577,

5.1.3. MPIC & D REEHTE

B5. 112 U7z & D12, daql&daqOATIR Y —ZIHNIZ T Db o7, £ Z
T, WHEBIHEZZTICRIZDO > TRE L TV L KEL, MPOT —X

I2EER L — X —GPV:
http://database.rish.kyoto-u.ac.jp/arch/jmadata/synthetic-original.html
2EKABRIC B [2EERELT L — L i GRIB2UR)
http://shimizus.hustle.ne.jp /wiki/wiki.cgi?page=
ASNEC%A1%BC%A5%C0%B4%D8%CF %A2% A5 %E1%A5%E2
GrADS: http://cola.gmu.edu/grads/
WGRIB2: http://www.cpc.ncep.noaa.gov/products/wesley /wgrib2/
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5.1. RifEatA <> b Dt (1)

08:30 02DEC2014 (UT}

08:20 02DEC2014 (UT)

A0S COLAIGES 2053 SDS: EOLA/CES

X 52: 827 N=Z NRERE) ERERE) DL —X—T 3 —HEHEK M
HBEFEIOFEEIZNIGT D EZLONLBEKEY — 27 DALEZ HE M
+FEZTRUT, & SIZ100H 200 BT DA E & B2 RO TR LU
Thb, IRV IPBREINAMETEXFIZEGEHNTRU
AR E L CTARTIERBSR 257256 ULEEZORNEANAEL T
W5 DR H B,

# 5.2.: 201412020 KR L — X —1Z & B JE#
| ARV A | JRGE (m/s) | BAE(CHAL) |
20141202 [ 24.241.9"1 | 88.2° + 41 |
oAl ARV — X — DOALERE~1 km & DB U 2 AHD 384,
20 JEANE, REEHEID 2 EI2E D, ZEROED S EEILE0°, HRZ90°
H A 1800 EPHZ270° & R Rl E W2,
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5. GROWTHA N> s OfiEkr

HEHWTLCEH T AT 4y b, E—2ZHZIED S R GE X & 7 &) % #ff
ELUTHAD,

MPD R 2 FREEIX 30 sU 2272 <, A XY M I2binfEE DA D UL H
72720720, FWHMODfEZ 7 ) — XS A —R T HLMENEE SR, T
Z Tdaq0A & daql TIZFWHMIZIE & A KDL - 72 (K5 1B R HFEITHD
&, FWHMZdaqOA TS N7 279 sIZEE L, ¥ —2788E - ¥ — 27 RZD
BET LY MIEOBRELZ, 74 v MEROHZM5.312, Foiz/8F
A — R B FRK531ZRT,

MP6&

[©2]
g 140
120

100
80
60
40

20

1 1 1 1 I L L Il 1 I L L 1 1 I 1 1 Il 1 I L Il L 1 I 1 L 1 1
3(91 50 30200 30250 30300 30350 30400 30450
Universal Time

5.3 MPOLCHI, HE &l o il 1x 1 X ¥ b 2 4 U 7z2014F12H2H
DORFO40FP (UT) D> 5 DFEEFPEL

MDA B,y ¥ — 75t % (v, y, ) BRITTa Yy T2, HlzIE
FEHVVBOBEIENEEZ NI X FEHIRIRRIEDRD 2E 5T
WILE, BREDOHIBTCEED LIZ#HSHIETTH S, MPL, 2, 31X 5059
{20 CX¥BAVVAT VUV ITHY, E—IMNBEBDOREENRKEWZDOK
U7z BT, R B6mEdaqOA, daqlZ3IRTTT7 1 v b U72fE R %2 X542 /R L
7o BBOLREHIZELSEHE ST WA RN D, ZOHEDEE S JEHE
A ZERD B &, 226+£1.0m/s, FHA193.0°043.8° L KFE o7z, TIIKK5.4H5
TIZRTEED, V=K =TI 5RDZEHE(24.2 m/s, FHLFAH8S.20) &
I —HT 3, FITUBRTIIEEL —X—»oRDZEEZEHOEB S
L LTS,

UEDHEX V—X—TRONZEZEKBEVREZL WL, O
EZHBE L CAH Y v BHEIREBEI L TWA Z 2R LT WS, 7z
MPOCTHRHIZEBEIES DR X 72 D H8HF237730, MPATHRBIZAZ 72D
M8RF26 3700 TH B Z &6, A L H150MREIIZHh 20 5TV < HRD IR
AWz Z 2 RLTWA,
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51. KEEaHA R N DM (1)

% 5.3.: 20141202DMPIZ BT B ¥ — Z il & ¥ — ViR &,

(RIS | ©— 2 8% (count/s) | ©— 2 BEAI(FE 7 H0) | BRI

MP1 0.5+ 1.2 08 : 25 :20.0 + 34 {55559
MP2 0.7+1.2 08 :25:29.3+23 55
MP3 25+1.3 08:24:54.6 + 8.6 55
MP4 36.0 + 1.6 08:25:25.3+0.76 | {555k
MP5 101.4 +£2.3 08:25:11.5+ 0.49 o
MP6 90.7 £ 2.2 08 :25: 06.7 + 0.41 i
MP7 12.8 4+ 1.4 08:24:52.7+2.2 Bi
MP8 6.7+ 1.3 08 : 24 : 28.6 + 3.0 iR
MP9 8.8 4+ 1.4 08:24:07.8+3.4 L5
* S EDRE N3, EOR, iR 2EH L 7=
SR LS com | ;
M AIC  y (NS, kn)
2FED LR ELEL 20141202
ol L
t (S);z : MP2
0 L is + \upa

-20

500
1000
x (W-E, kn)
1500
2000

25004 gy

TEOD Ta00 12000 1000 g B0 A0 Q]

y (N=5, km)

MPS

-+

J’_
dag 0A
+MP5
===

+

+

M

+
dag 1 MPB

pg MP7

5.4.: 72 F: (2,y, O)3RTERNZ R U 72T — R R (+F) AL MEAPSOR
7-BRoWmE, AT RN Ao ROl A1 BEEroRx
MR AR ORdE &, JR A O kg, MK E PR X B, R<RU
TR TOAAL XY M ERE LU 72,
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5. GROWTHA N> s OfiEkr

5.1.4. BEIHORARILDLEINY

5.1.37HT daqOA & daqlD22 D3 MeV LC DFERIFWWITNE AT T iz &
SPTHEY, BEEINEST, TITINE—RILL, EEH V<R
ORH DA ZRIEBE U THRLEER EET = (0,00 THEIT S
Mfw, DARTEH T VT -

(z — U:ct)2 + yz

5 ) (5.1)

g

I(x,y) = I" exp(— 5o

ERET B, 72720, o2 JAGEIZ TR AR, yZ2 ZNICER LT 5P
ﬂﬁ%ﬁ%btog®k%&ﬁ%m@ﬁfiwtﬁgv%iU%ﬁﬁ
M i v-7p = w, DEBRBEKO D, HHEE UL TERL —X—I12 &3
fl(242+1.9 m/s)ZHAVS &, 4/\/b2m4wmaﬂ%%ﬂ&®Fh_’q%?tﬁﬂ
2o Tl o 728 1 X(BABE, BPEY 1 X)L 675 £ 54 m EIRETE 5,

—f, EGEIZER T B o> THl - 728 14 X(LARE, mdb 1 X))k
BEMPOY —VRENSREE 220 TES, L—X—Ta— Tﬁ@tﬂ
MIZEAR T 5 EE EIZEMPOAE % 85 U CRER S U, R53ZRL7ZYE
— 8RB EHENC 7oy U2 DD TH S, mitmEE A>T v
WZELTHE D, ZFZDOFWHMIZ966 + 29 m& K F >7-, ZXMPOL — b ixBBL
RI0%E D ERWIEECHEEMEZRADMERTH D, £ ORHAE XN
T &5 (NHr2R),

U EZEIAET S L, 201412020 MEHIE O P DA A D 1700 m, FFILD
JRMDIEA1,000 m& 720, FEALIZ1ERERE S, IS0 32 MK
TIEBRWZ DAL 72, ZiE, AWFZE T THHREIZ R S 72 BUHES
BThh, FeETINEFH LI ERT S,

5.1.5. EIRAEA

RIZ, daqOAD4DDBCGO7 By 27 TEPIL 72LC%E F\WTH ¥ KD ]
KAMEDPEEU TWEDMGEL 72, K5.612 %2 F L —KD 3 MeV LC%
R U7z, &% DBGODIRR/NI WO ENEL, 4 DLCTIEEDNR X
D5\, TIZ T, it - WAED2AHT OOV v FL—XDAhT v MR G
THIZETIEYHZDDT 4 F VB ZEEC U AR 2R 7IZRT, £D
F AL, AR DI TH D, daqOAld~ 30° LA EIZfEW 72 7
TS THAHNIEFOME 2 MRETE 5D W, Mk b2 ETH
BRETZELCTVEN, 5T, HYBOLEHIRMAITIRE PSP
30 LANTH o7z WS K1 Eond, /-, RIS SIZEHVAED
fRAEZ & DM NEEND Z 2 D30 5 7=,

5.1.6. AR NILERMT

Emﬁv—wF%®?—ﬂ%%mf\m4Mw@ﬂ13MW@&3MWM
EE)D=Z20FIHIZE T HLC2ERTHI WD TH S, 1NV MFE
HIEOHN Y MREN SNy 7 75T REHELTREL, ATV
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-1

Counts s

5.5.:

51. KEEaHA R N DM (1)

20141202 N-S crossection
x2 / ndf 148.5/6
Prob 1.57e-29
Constant 114.7 + 2.096
Mean -0.09505 + 0.008423
Sigma 0.4231+ 0.005578

—
N
o

—

o

o
I

60— ..................... 44444444444444444444444 44444444444444444444444 44444444444444444444444 ......
401 % .................. éwwwéwwwé .................. é ................... é ................... é .....

20— é ..................... EWWW%WWWE ...................... % ....................... é ...................... é ......
| | . MP3 |

3
S MP7 MP2 MP1

-1 -0.5 0 0.5 1 1.5 2
N-S projected distance (km)

20141202 FEALEHIZ IR - 72 50 E 2 A5 D Wi, #ediiLR5.312 R U724
MHESIZBITELCOY =2 DEETH D, KD JFH T daqOAD L
EE U7z, MPOIRE B DA Tdaql, dag0A & EHE LR T & 70\
728, INSDMEBED T —XIEED TV, FROBFRIEAT Y >~
TN &B T 10w DR,
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5. GROWTHA N> s OfiEkr

5.6.: FBGO7 O Y ZIZXNUTT T4 7Y —I)VRZEHL a2
72 & F D201412020D ¥ U IE %6 siZ & 5 723 MeV LC, 1% [X3.1412 7R
UL72bD e Ma L, BAPOREE), ~ ¥ XD P, #&AP2(F

5.7.. /& E B

66

20141202 LC > 3 MeV

N

Count s™

)., HFHP3(ALE)DLC,

N,S >3 MeV
LooF [— s=Po+P2
S F 1:‘0‘ — N=P1+P3
810 S
£ + *
ot e RE.
N-S
0 2F
T ok s ++ N [ o= ot
B AT
0-2: U ,,uT
-4E
(N - S)/shield
32 10F I
OEF+++=+ + +++T - JFJFJF N T I++
10 + + +

08:25
Universal Time (hr:min)

PE2fl (P2+P3)IZ DWW T,

08:24

count/s

o
TTTT

count/s
vomnso
T

-10E

e === =TT ST

08:25

Universal Time (hr:min)

E,W>3MeV

o
T

10F

(E - W)/shield

E -+

=+

i} +++ -+
T -

T4

t+

=

=S

4
Tt

A+t + T4
N N il A

08:23

08:24 08:25
Universal Time (hr:min)

dagOADBGOY — )V K A DBGO7 & v 7 D 5 B,
2 (PO+P2), Jb2ME (P14+P3)D3 MeV LCE TN ZTNE L &b 72
HED, EXHE EBOZDOLCDZEALDLCH & DLCZE 5] W\
2HD), EXTE: FEOIA MNI—TDEEY—-ILVFDTA
NH—TCE S D, FHM: AU, 7272 UBEAEPo+P1) &



51. K¥KEHA R> N DM (1)

TIEBPU7ZBOY =27 DE IR UIHID KDIWIZAT =)V U7, 41XV MNFEAE
HDIFELAEDE Y THROWELAFTOREEHEZ LR >THH, BiFOY—72
IEMND VRN Z D FHANNS, £/ FEBIZBIA2HIAT7 49 +D
FER A2 RS AR U Tz, 3 MeVEAEDRHIR TIEA X2 b OGRS E ZIZ
%E< fd\‘DVC\(\E) 2:753\ nlu\‘t%%) um%@%%‘i\ ’f’\“‘/]\ODEF‘/E\’C“Ci
AR NVHHEL 705 2 & 2B T 5,

20141202 dag0A BGO shield LC (scaled)

S [
] 1 0.5-1MeV
ey L
—;Cu B 1-3 MeV
8_ 0.8_— >3 MeV
9 L
B 0.6
® L
q‘_) [
< 0.4
= B
0.2
Of
LI

1 1 ‘ Il 1 | 1 1 ‘ Il 1 |
08:22 08:23 08:24 08:25 08:26
Universal Time (hr:min)

¥ 5.8.: 20141202D0.3-1 MeV(7R), 1-3 MeV(fk). > 3 MeV(H)D I THIW
72LC,

3% 5.4.: 20141202D /- HFIRLCIZ B 1T AFWHM
‘ i ‘ v — 73§§(count/s) ‘ | H%Z'J(Hﬁfj\*'))

() |

0.5-1 MeV 214.7£4.3 08 :23:54.8+0.2 30.97 £ 0.06
1-3 MeV 245.2+44 08 :23:55.3+0.2 29.11£0.49
> 3 MeV 1509 £ 3.2 08:23:56.2+£0.2 27.83 £0.46

CDHFEEARY MV ETHERT 2720, 4 X2 NOFERMWZ
X[5.9/C ED X 51210 siET7 228 D 43 1F, ZREEGD AT ML Z2 T
—H—IZED T4y FLTEERDZ, FOB ARV NEEFIHOT —
AMEOERDIZARZ MV EBGDE L TELE W2, 74w bOXKE TS
TRV F —fE L. KRREELDOED G F 5500 keVD 5, AT ML E
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5. GROWTHA N> s OfiEkr

WZRONDIFNEID D DEH TE D6 MeVETE LTz, TOHIZ2 X594 E
2, BRMEEOET7 4 N UBMEEDOHEZXSINIZR U7z, BEOMEIE-1.8
C 1ARREORITEEI L, B WEE ARY MLDEEL 72 D51 D35 AHL
N5, LCEZZE TN L T, HBEREOZIZBHIL 70139 T
» 5,

5.2. KIREHA N> b DEEHT(2)

B fli T2014120202 % U THT o 7= i@ & [ DR 2, 2 HZBIZHRE
N7ZGROWTHTHR B HH A\ 1 R 32015012402 H 3 5, [X5.101220150124
DdaqO0A, daqliZH T 53 MeV LCZ/RT, 2014120212 bR, daq0A & daql DHA
HEDEDPIKE, BADELANED > THOABPHOITE D, EHIENR
THIIYTUDNSRRTNT VLD, ZNIRIFEFETHEmT AL e
L. Ui Cikfiiri 2 @ U - R¥ETHER T 5720, Ao Y7 Vi
E0EMU, 714y bU7 TOMEZXILUI, BoNTZNATA—K%
#5512 T, E— iR 13158.4 cpsiZ B X O FFEINE X daqOATH K44 s &
A Z W\, F72daq0A & daql TIEDY 7 > T W5,

2 5.5.: 201501240 daq0A & daqliZ B 1} B ¥ — Z HFl & ¥ — 7 58,

‘ g% ‘ ' — 7 B (count /s) ‘ Y — 7K (:50:#) | FWHM(s) ‘
daql 3.81£0.34 16 :05:12.34+£2.2 61.46 4.7
daq0A 1684 £2.7 16:05:07.6£0.3 44.2 + 0.6

Wiz, JEGE - JBEE RS 72D, KRV — X — 2 MPOLCZHWT 5.1.21H
B LU 51 3HE FRRDMEN 21T o 728ER 2 FRK5612RT, F£7/2, Tz EH
RZMLVELUTHEBELZSD%2X5.12% 5 Uiz, JA[W - JEE H20DH#HEE
HIETEIL—EHLTW3B,

% 5.6.: 2015012484 15 D Jal
| [ BGE (m/s) | B
QR —X—| 17+15 97° + 5°
MP 15.3+5.6 | 104° & 36°

A ETHE SN JE8HE (17 + 1.5 m/s) & MEBERFIN(44.2 £ 0.6 s)22 5, BREF
DR DIAA D I1E751 £ 67 m &K F D, T DEIF201412012(~ 700 m) &
HEDEDOT, 201501240 ke KF ] A3 R < T & 72 D13 EGE AYE D o
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5.2 Kfat1 R N DM (2)

daqOA shield 20141202 LC > 100 keV dagOA BGOO 2014/12/02
- 10t 2 7ndl 12.07/13
ok M S PO 169.2 + 8.2
800K A pt 1,619 + 0.049
8800 gk
oo}
(2}

3600
1400
1200F
F BGD 112li3]4|5%6

5

1000
800 fr

600 u‘/f
400, . | . . | . . | . L
08:23 08:24 08:25 1 10
Universal Time (hr:min) Energy (MeV)

20141202 daqgOA (shield) index vs counts

x -1.3
O -
© L
= -
= -1.4
® N
215
(@) L
o L
-1.61~
1.7
-1.81-
_19 1 1 1 1 L | 1 1 1 1 [ N |
10° 10* 10°

Counts (during 10 s)

X 59.: /£ ART MV EEBDZOIZHWEZRRW2LCETHRETK Y -
TmU7z, BETKXY->72BGDE & 5 fHlEH SBGDARY ML 215
77 AL BRI AUZBIIAARZ NLEFD T 4w FOH, T
1 TOREHEFICB TS, A7y MR EOMHBEN, 1RV FDY
— 12 EDLKINFEARY MIVLDEL 72 B EA D G AHN B,
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5. GROWTHA N> s OfiEkr

event 20150124 LC, > 3 MeV

;1 80
5160
(@)
O140
120
100
80
60
40
20
0

Universal Time (hr:min)

5.10.: 20150124MD3 MeV LC, Y UIEIZ6F TR U 7=,

2 EDRKD—DTHdeEZLND, MPOY—27 040 6RD
7B AL DA DY D 1320150124 K D A7 ¥ 7 IZEL, H5.130 K D12 b,
FWHMIE829 + 12 mE R E o7z, 1 X2 b20141202& Hn > T, HEfiE LD
Y ZIZ10% AN T— LU TW5, F72, 5.1.50HE [FRRIC AT > ~ KRG
HEDOMEE ZRERL7Z2. TH56H30°02 A5 L)L kEHE IIME X
IR o T,

IZ, 5.1.6THE FEIRE A XY 20150124 D F A R fllw 262128 © 7313,
TNETNORMFIZBITA2LE 74 bV BEARZ MLVOEZMEELE L
TH514Z R U 7ze 201412020 3 (—1.87> 5 —1.4)1Z bR, ZH D IEIX—1.67°
514 IFIXFABETH D, 77, 201412028 FIRRIZHH A \WIZ E AR b
VIR < 78 B AEFAI D G AR B,

5.3. 24 RV MDA

ARHEI Tl BIHTE T2 D KIREFA X2 b TELITU @0 Tk %,
436fiTRUEETOE Y I N—ZAMIDWTHEA L, BN 28H&ED
DAL HBEZHOMNIT S, TOEOET, UEOMBITNED A RV M2
AT RENEIM T A2 251300 5,
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53. &A1 XYV - OB

event 20151024 LC, > 3 MeV

- 103

.m10§

2 dagOA

3 I daqi

O102E gauss fit
10

|
16:06
Universal Time (hr:min)

- ! | |
10 16:04 16:05

5.11.: 20150124D daq0A & daqld®3 MeV LCDOH T ¥ 7 2 & B 7 14 v bk
B, daqlDZEFEDP/NZ W2, ez W E e Uz, 201412028 g
D, daqOAD ¥ — 27 B3R T L, sHEEDORMZENEL TW5,

2FE D ELE L8 20150124

MP2

5.12.: 20150124 ERFIZ BT B, KRV — X —(F) - MPT — X (FR)IZFHD
Wz JRA DR, RSB UMM TOAAL Ry M ZRT U7
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5. GROWTHA N> s OfiEkr

20150124 N-S crossection
x2 / ndf 76.87 /6
o ; : Constant 87.57+1.716
s | N P N Mean  0.04883 +0.006457
= Sigma 0.3258 + 0.004358
] — R (S S—— — — -

(]
o

Counts s
TTTT

T E— Y W S— S— S
505\
PR S | T —
of

I LT A — T

10:_MP8MP7 ........... . ......................... iMPS .......... MP2MP1 .......
9|i||||i||||i||||A

O I Ll |!| LY | I
-1 -0.5 0 0.5 1 1.5 2

N-S projected distance (km)

X 5.13.: 20150124 D FEALEH (2 VR - 7258 E 0 A6 D Wi, RaAENIEH5.52 [H
— T, daqOADFIEZ A& LTz, MPODRZ B A A Tdaql,
daqOA & BT E W2, IS DREED T —XIZEHT
WZRWN,

daqgOA shield 20150124 LC > 100 keV 20150124 daqOA (shield) index vs counts
=, 2200 5 VAT
£000F- 2 [
Jeoor- 51450
1600? g r
1400 8 1.5
1200F BGD 1§2|3|4[5|6 F
1000 -1.55
800 M g
o W%me -
A00RHAWIAt b F
-1.65 L L ool

16‘:03 - 16!04 - 16:‘05 - 1Usnli(\)/?ar‘sal ‘;’i:nselo(ar:‘min‘) 10° 10* Counts (during 15;)05
5.14.: 20150124 D A N b FEERFOFE & RE DB, ZRIZH > TI XY
NEGDIZHID 431, ARETOART MVOREERD, HEI L
o U 72t A, A XY PO =210 EDKIEEN—FT
b5,
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53. &A1 XYV - OB

53.1. LCORRUICE DK O

ETDITA M —T7(UFERHIBE)Z2 I X D EZRL, TH Y 28 T8
7= Z SR THRfL&ME R | TZ2RBEGBRL] D421z L7z, Thodo5 b
RFEHZ2E D% B5.150 5 X5.2012 £ & D7, D100 keVEL LD, A
M3 MeVEA EDHIRIZ B I BLCTH 5,

Wi EF CTTHROFEST2A Ry b THSBX5.15& X5.161FFRZMIZHT 5 <,
& UZHTF X EARI RPN TH 5, Z OREBULREIR 7B % X
DA N F20071213(X5.17) THHER T E, BHB X2 X 5T BB kK
RN Z S Rond, 2TDIRY ha2E@EL THIEKET 57280, Z
NSEDARY ME THY 28 (2% T 5,

A N h20090125(K5.18) 1k, ZEARFRZR A XY MARIT I X ITEU
CHRFRTE D, ZDEIBANRY ME 3722838 LT 5, 1RV
£20101230(X5.19)D & S IS A3 BRI EAMZ 57 —ABH DO, Th
SiF TBRE&MEE] 0T 5, TR SIZE D THA - M 24
N=AXRY NTH B,

—H, BHEPEMZ 2D TIER LSBT IX20D & 571 RV b
HE—HlOABR SN, Tl TEARBR 2o T 5, ZDARY
20120113l B VI NR—=ZA DI BTy a— b RX—ZA M Z2EIHE—D 1 R
VETHY, 3MeVEAEDHIBTIZF LA EH VBB EAI XN T WA WE
LRENTH 5, ZHideeffis K UOSEFERX 17 TWO F-7214 RV T
HO. FOMMPFIZOWTIZ614ATHTERT 5,

PLEIZ X DGROWTHO 2T > 7 N— A N 208U 88 %2 Rs5. 712 R
T, 20D CHRFIZRHE I NZIGERZTDETNFNIZDOWTR LT,

5.3.2. B E E—UBE

FK57D5H, HIARE I TEIRX o0y 7 N—Z2 ME511ETET L
DEFRIRAT T AT 4w MTXDIRE - ¥ — 7R - FWHM (ML) 2
b TEs, TNE2ETUAERE2ERSIZIRT, 5.1.13HB L Us. 28Dk
RE2E5D, BREBRLEZREL, ¥—2hT9 YV L —b 2T 597 AN
HELTH B, STIRBTHBA N2 F20090125D I, 2DDH T T v
WZ&B714v hEITV, ZTNETNDOT7 10y MERZO)B L F@Q)E LTRLU
Tzo ZODT7 4w MOEFIXH521IZR Uz, WITNDA Ry MTH, KF
TR IR IE30 90 sSTEETH B, T Z TIEEZELD AA TV W20,
IRIETZDHEZIT>T REBOKREX ] LW YHNIZERDH 2 &
NEBHL, RS BHELRD B,

53.3. EEDHREE Y1 XDHE

5A2HE AR JRELV—KX—DTF—RE2HWT, 2®TCOHT AR - X2/ Z
ST Y N — 2 N ARG O JEGEEE 2 AT AE R 2 R RT, 22
T, JARVL =X =05 FHEBHBEIZHARNNDSE EDEA, GiAED D5 W0
HEDEBE T VT L, JAEDEFHE L Uz, THAID XTI OHHE
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5. GROWTHA N> s OfiEkr

141202 daq0A > 100 keV 141202 daq0A > 3 MeV
& 1100E- + o 18F 4
51000F- S 160
o E Q =
O g00f- O 1401 tt
800F- 120
700 100 '
6001 80 +
500F- 60E .
E C +
400? . N 40
soop- e S e 20
2008 L T O;T"T“’T“T"T“*T‘T”T“ I el mnransnadll
0821 0822 08:23 08224 08:25 0826 0827 821 0822 08:23 0824 0825 0826 0827

Universal Time (hr:min) Universal Time (hr:min)

5.15.: 20141202DLC(%E: >100 keVir i, £i: >3 MeViirik), Ho ARIZ 5

K
X,
150124 daqOA > 100 keV 150124 daq0A > 3 MeV
#1200 R @ 180 4
S C . S 160 + JFJr
81000~ + S 1a0- 4
E : 120
800 f
F 100 +
600; + 80F +
. ’ ‘ 605 ¥
r . + +
400 + . 40
L. R - 20
2000 T s I I iruasaafiar
16:02 16:03 16:04 16:05 16:06 16:07 16:08 %6.0276:03 1604 1605 16:06 16:07 16:08
Universal Time (hr:min) Universal Time (hr:min)

5.16.: 20150124DLC(/E: >100 keVAF IR, £5: >3 MeVirid), AW AR 4}
)
Ao

071213 daq0B > 100 keV 071213 daq0B > 3 MeV

-
N
I

Counts s
.
[2] ~
o o
I I
L
e
=
——
—
——
Counts s
-
>
I
L
——
e
e
=
e
S
—

150 + + + H
140 }[H W[ W[
% i |

130"

120 L
B 0 1 1 | T I I S S RS S S RS N
15:57 1558 15:59 16:00 16:01 16:02 16:03 1557 1558 15:59 16:00 16:01 16:02 16:03
Universal Time (hr:min) Universal Time (hr:min)

5.17.: 20071213DLC(%E: >100 keVAF IR, £: >3 MeVirid), #o ARIZ 5
)
o
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090125 daq0B > 100 keV

180

140; f
120; ﬁ i 1
g }
r f it 44
100f b Py T
soﬂww it T

TR S S R RS BN E R B
13:30 13:31 13:32 13:33 13:34 13:35 13:36
Universal Time (hr:min)

5.3 ARV OB

090125 daq0B > 3 MeV

14

12

10

B e e e B B B B R
LN
=
=
==
-,
—=
=
L
==
prrall
=

N

P S T NP NN R .
:30 13:31 13:32 13:33 13:34 13:35 13:36
Universal Time (hr:min)

-
W

5.18.: 20090125DLC(7E: >100 keViis, £ >3 MeVi), 57z T .S3ALUZ 57

R,

101230 daqg1 > 100 keV

"o 200 "o
160? %ﬁ
1400
120; Hﬁ W“Hﬂﬁ*
wof 1 fity i

Y S NS S RS S B
13.32 13:33 13:34 13:35 13:36 13:37 13:38
Universal Time (hr:min)

101230 dag1 > 3 MeV

20
18
16
14
12
10

TT T[T [T IT T[T TT T TTT[TTT[TT
R A AL AR AR B R A
-

H

Fpon
Fody
ﬁ i ﬂﬁﬁ

I\)

et +++++++ i ‘ ‘ ety ﬂﬁrmuﬂ ++++H+
q3 32 13:33 13:34 1335 13:36 13:37 1338

Universal Time (hr:min)

B4 5.19.: 20101230 DLC(%E: >100 keVAFI, £4: >3 MeVigis), BEfE@RAEELIZ 57

-8

120113a daq1 > 100 keV

350

Counts s
Counts s

300
250
200

\
f\ m
1ZZW | ‘i‘w‘“"'“f‘ i “”h‘n‘l”‘l‘\‘h b W i " “‘W”\“’Wl “'i\"‘u"“""“ \\‘W“N'W f \‘l\\‘“\\Mu'““\\lw\ﬂ”\ﬂ‘h‘i“’ “‘I\Ml

150

00 24 00: 25 00: 26 00 27 00: 28 00: 29 00: 30
Universal Time (hr:min)

5.20.: 20120113aDLC(/E: >100 keVi ik,
Zag N

120113a daq1 > 3 MeV

N
T

00:24 00:25 00:26 00:27 00:28 00:29 00:30
Universal Time (hr:min)

G >3 MeVigiR), Z2RFHARILIZ

)




5. GROWTHA N> s OfiEkr

#* 5.7. GROWTHDO 2T > 7 )N— A b D435
ERPAEAE SR |
20070106 daq0B | 77 A
20071213 daq0B | 77 A
20081225 daq0B | TV A
20090125 daq0B | &7z 2.
20090211 daqOB | BafE]&A
20101230 daqOB | W[E] &R
daql I [ A
20110125 daq0B | 77 A
daql HT A
20120113a | daql IR BHIR
20141202 daql HA
daqOA | T A
20141229a | daqOA | BRI &K
20141229b | daql H A
daqOA | T A
20141230a | daq0A | AT &
20150111 daqOA | AT A
20150124 daql HT A
daqOA | AT A

dagq0B Nal 2009/01/25

) 14—
fg -
c — d
3 12 I
(&) - i
10 ||.| |
- 1
8 w
: ty "‘l
6_
- Il‘ll .1| W M
4+ | JL"".."..".J”"”.. |||| i |iL,I 11 (Tl
| I L
2
C 1 | L | 1 | 1 | 1 |
13:30 13:32 13:34 13:36 13:38
UnixTime (Hr:Min)
521 Tz ZXRBIA X R20090125D2 DD H IV T T LB T 4 v Mg
=
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5.3 ARV OB

58 HIA - X230y 78— 2 hD3 MeVEL EDHIEIZ BT 5k
TR & v — oo

ARV Ml Y — iR v — 7 FWHM(s)
(photons s~! cm™2) (IRf:43:#> UT)

20070106 daq0B 0.341+ 0.061 21:43:25.7 £ 1.7 31.6 £4.0
20071213 daq0B 0.431+ 0.064 16:00:13.6 = 1.8 51.1 £ 3.5
20081225 daq0B 0.215+ 0.046 09:28:54.2 £+ 2.8 424 +£ 9.1
20090125(1) daq0B 0.2514 0.052 13:32:45.2 &+ 2.6 36.0 &+ 8.2
20090125(2) daq0B 0.494+ 0.075 13:33:42.4 + 1.6 35.6 £ 8.2
20110125 daq0B 0.057+ 0.019 17:01:44 £+ 13 89.5 + 33
daql 0.086+ 0.014 17:01:02.4 + 3.9 83.4 £ 9.7

20141202 daql 1.00 4+ 0.13 08:23:33.72 £ 046 253 £ 1.2
daq0A 2.00 £ 0.20 08:23:56.13 £ 0.20 27.9 + 0.47

20141229b daql 0.218+ 0.030 23:52:31.7 £ 1.9 674 + 4.5
daq0A 0.310+ 0.033 23:52:429 £ 1.1 72.3 + 2.6

20141230a daq0A 0.110+ 0.016 00:35:32.00 £ 1.9 41.2+ 45
20150111 daq0A 0.04 £0.14 18:54:11.6 = 5.4 63.6 £ 12
20150124 daql 0.16 £ 0.14 16:05:12.3 £+ 2.2 61.5 £ 4.7
daq0A 2.09 £ 0.14 16:05:07.62 = 0.28 44.2 £+ 0.59

& TBEELERDONRNR—=VURARY MNIIETREZNTWT, BBDOEEL
VB BHGEE. HONEDR & L JRAAEL > TE D, l4 DXBIVBES
ThsdZ KJ & U7z FEIEAERE TIN5, FHEIXIFIF20 m/sFEE THE)
35 Z AR B,

514HTHm U 72 & 512, MfRFEIXRs9TRkD - E#EZ /LT, Al
MOFITRIEIZIR o 72 1 DA BT E 5, £58I1TR U 72k yuﬁFEJ b
F59TEFEEIADE DD EEZ FWT, HY 1 X2 X D%
WA R 2 X522 R U7z, BB OY 1 X 3B BL R kmfEETH D,
500mE D HLNEREDIE—D2OBEA TN TV, FLUT, NI Xy b
F 8 RRIBHI DY 4 XD K E WEAS X U D THER S 17z,

5.3.4. BREIEH/AN—R K

5.3 1ECTHREDRMEAL 2 2L 721 R MZDWT, 20101230(¥5.19) % -2
6@FE%@DVﬁN—ZFﬁ%%@Ebt%wﬁﬁéj&%%bt@q
ARHTIZZOMPFUZE D E, BRpPTRUINZAV VT V%2 ETIVICERA
TR 2 HEE 3 5,

GROWTHD A N kDS bE@it e e Uiz XY MId2H b, Z
DS bifEIDR L, RO AD S IE - & D BFESMERE T > 7 N— 2 k&4
BT E 53 DIF20101230(dagl). 20141229a(daq0A) D2 DDA TH %, DD
LHBEEXL231IR U, E—JHLZzIE-oEDEATES T, Mtk
DIEFEIZHERE TE R \W 2, AT TIEELD bR,

7



5. GROWTHA N> s OfiEkr

59 BRI N=ZA FREROLKR LY — X — 7 53K 72 Tk,

10
c}l/\
-
)
T ]
n
[
o)
©
c
o
> 0.1
=
=
©
o)
Q
0.01

5220 WY 4 X ¥ — 7 REDOHBE, EEDOFFHENBD L D% RV
Tz K E X (K DA IXFWHM Z RO - RO E A, B LUK
KL — R =05 JHEZE HEE U 72BROF AR D 122 DN 5 6k
XEALDER L, BREEGED) I, A8RCIZ R L I & B
HEICE 2 EFEADERZR LU, WTNOMRHIETH EADHH

[ ARV [JRE (w/fs) | BA [ EEE

20070106 | 17.6+1.8 | 87.5° +£6° B

20071213 | 112416 |1122°+£8 | A

20081225 | 21.24+18 | 96.2° £5° A

20090125 | 154417 |1044°+6° | A

20110125 | 15.8+1.8 | 94.2°+9° A

20141202 | 242419 | 88.2°+£4° A

20141229b | 19.6+£1.8 | 93.4° +5° B

20141230a | 17.0+1.5 | 96.5° +5° A

20150111 | 17.0+1.7 |1125°+6° | A

20150124 | 17.0£15 | 96.5° +£5° A
F | | 3
- daq0B ——+— 7
. daql ——<— ]
5 = dag0A —x— 1
3 iy E
=== 5
i - T ]
I o T l
3 % % E
C | T 3
- | X L N

AR o N D,
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53. &A1 XYV - OB

141229a daq0A > 3 MeV

50

Counts s™

40

30

20

10

II—|_—'_1IIII|IIII|IIII|IIII|I

T 1 t
4 . it 1 g 4 . t
1t HH T T PP B 4T

I 1 1 I 1 1 I 1 1 I 1 1 I 1 1 I 1 1 I
21:51 2152 21:53 2154 21:55 2156 2157
Universal Time (hr:min)

5.23.: 20141229a(daq0A) D3 MeV LC, #EEHIR WAL E—2 bz & AT
WL,

ZDIENPDA XY N ELTET2101230(daq0B)id, K5.2412/R8F &£ 5
1220101230(daql) E IF XA LN FHEAE L TH b, BRI &M L 72 & 7R
TEALCOWIRTH 5 7=, BEEEME & HE U7z, 20090211(daq0B) i
52512 R U722 BOKEEPEL, AU ARMIIER A0, AUV T U%
RELTTZ 14y T 5 &MkiGERF(FWHM)A318.6 + 3.3 s& BRI - TH <,
LCDEH T T U RRYINTZH DL IEIRNTE 2D Z & % HHLIZ R A 5y
CHELUTZ, TNHDA XY MIMMEIDPEWZDOREITIZEWT I NI E
WEHEL D b7,

20101230(daql)D3 MeV LCZE 7 4 v b UG5 R 2 X5.24 FITR U7z, ¥V
TNVHI YT VTEEREDLT 714y BIGRLR W2, XTIVHT &
TUEETNELUTEHEHL, MR 2RO 7-EREZ K100 L DT
BT YT VOFWHMIEES SIZR U772 A - 5722 SR Ry M2
kG E FREETH D, LRSI 4Lz B hEFEOR Y S
N—=ZANDPERET UL DTHBLMINTED, —HT, XTNHIY
TUTHHEIENG, STIXIMO—FTHB & LMHIRTE S,

5.35. ARV MNILDE

Iz, T VHMED A RV MZDWT, AT MLEFHIIT 5, BS X
DFEUELX LT [3MeV LCIZBEWTH Y AR LU ZBOHB(IZIEE N~ <%
ATV MEON2B0EEA D] EWVWHREERITTINSZETH L, Z
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5. GROWTHA N> s OfiEkr

daq1 Nal 2010/12/30

N
o
II|IIII|IIII|IIII|I

Counts s
o

—
o

daqOB Nal 2010/12/30

OO O

N
|||||||

2

O13 29 13:30 13:31 13:32 13:33 13:34 13:35 13: 36 13: 37

Universal Time (hr:min)
5.24. BRE& M AL 0 > 7 N — 2 F201012300D3 MeV LC, _Elddagl, F
1¥daqOB T, BENBIZ L B2BZDAENEL-RL 2~V 2D
AR TR U 7z, [FIRFZNZ WM 2 TR St U 72 2 & DSRERE C
&5, ARIZ. daqlD X TNH I T UIZEBT7 10y bOKER%E
TRAR TR U 77,

090211 daq0B > 3 MeV

Counts s

—

~ =) o =)

Iluuwll\ll\llll\
T

p——

\_ | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1 1
10:37 10:38 10:39 10:40 10:41 10:42 10:43
Univsersal Time (hr:min)

5.25.: 2009021103 MeV LC, BRf&AHAL & IR T & 5,
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5.3. ARV NDOREE

£ 5.10.: 20101230(daql) D2 DD =27 D 7 1 v b FER

| E—2No. | ¥ =23 (cps) | ¥ — ZRLI(F: 0% UT) | FWHM(s) |
1 16.67 £ 0.62 13:35:46.0 £ 1.5 74.4+2.6
2 3.19+0.23 13:33:54.0 3.2 82.4+6.1

iz, EERL NNy 2757 REFIIR LT RERESZEHD
AR NDOAPENHI NG, BEEEMETRLA XY MZOWTH, =2 %
ELHDIZTDOWVWT, 3MeVLCIZBITAE2AT Y MEEHMIL, B S DT
UHHEZ i 729 A N b20101230 X AT I & D Tz, ART MLV OHAF &
N 2757 NOHREIZs1.6IHE FRRIZIT o7z, 72720, #EtOMEDS
H, HLETIRY PEIEKDOEHARD ML ERDT WS,

INSEREEBIEIZNEL, XU —0—I12k 371 v MER L FR
2 X¥[5.26(daq0B),  5.27(daql), 5.28(daqOA)IC R U7z, 7 4 v MIZHWS
WO TIRIZ. MESEERDOBIRIC & 2 EELO RN R AL T Z 5500 keVEA
ke U7z, 72720 A4 XY F20141229b(daq0A)D &, Rn washoutZ: Bl D 5 2
M1 MeVIZETRATWS D, ZOER2+0IZHIT SN 53 MeVEL |
DOtz 7 4w MZHWE, ERIZDODWTIEHLTFTOHEABIZEDARY Mg
DT, MEAD I WS DDA XY N T5-9 MeVIEENR S AT NLHR S
RIS B MEA D HEER T &, HEEDPE WL DIZDOWTH ARO[ BRI T
TR, AKX TR, 20X —a0—m5oDAXVEMERIZHY AT L
IERZ 2IZIZT D, ZDhy bA 7 DENEETE 5 MHEEZ2 BHETHE
L. 74 v MEBD EEE U7

RMER AT DWW T, 100 keVEA EDHFFIKIZ B 1) BLCTS/NEE A 10% %
LR Z4DD A X2 (20071213 daq0B, 20141229 daq0A P & Kdaql, 20150124
daqOA)IZDWVWT, A XY FDFiEENY 7779V REREL TENEN
DARY MV ZERD, ZTOEHPSHEL 72, ZTNEDA RV FDDS
B, EHS/NEEA R N201501241%0.8% D RAfi ik 72 % &, LCETS/NHAZ
NEDENAS RV MIDWTIR ZD08%D AR AEN —~HIZEMLET DD
DEUTHOHE -7, THLTHESNEZEEZRIUIRT, RAEREE2 R
BEEo723DICELTIRINERL, MEliR2 I8 UL THoiz/hIne
HIWr U723 OISR EDAZGE U7, MESBINEZMIEL, b2 D
AU IDFEEDRE)ZHE L, RMEAZIVAALLZRTHEFEL 72,
O TIXZDODEDEZH WS, MHEBIOEDHIE HIEIZDOWTIEf
G TIER B,

ZZT AR PMVDOEIZFXNF—MMOMEMIZDODVWTIERD, 5
9MeVEWSIEWIZ RN F—IZAY PATDEELRRATHWSEZ % L
TibR7z, Tk, MEBROERHBEO T XL F—IKFHIC L > TRA
EDTIERN, MHEBREYFALE - VI alb—Y a3 iz kAEFERIz
DWTER U f8C Tl BIG.1UZHEWVWTI0 MeVE TARY MLDEE T
FIEEWEIR SNT, RIEEROKENEZ S TV, ZOREIZ3 D DM
BHOWTNTHEBEL TWZ, /o T, ZDH Y bA 7 idinstrumental Tl
72K, realTh 5,
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5. GROWTHA N> s OfiEkr

BTFOREBEIANTE—IZWHIGTEIARTZ MLD ERIZEZETRAT
WBEAIM, MO RE., DAVEEXAFIVvIVLVYIDARRIZES
TEE/IFTERWED, AN CEMENREREZIT D, Iy NI T7DRE
W10 MeVEA FIZ KA TWE —T, 2D H5D2DA XY h3TIE10 MeVIZ
BWTHEBERAVIBESVEHAIINT VWS, O DIDDA RV MNID
WTIFRENFH S HMEFDMRE D 0z, 10 MeVEL EIZ 7 & b U KA TV
A REME LR X N7,

DA ZE, BEWKKIZHEAEFZ2 AN UZBIZESNE H U THRA
R MVERUZE211EERIZBoN- 1Yy MAT7DRRZ HIRT 5 &,
BAMeVAHEIZ AT bV ERRZHNIE BHIIZES N2 ART MU
EMERNZEMUZBRE G ST WA I EWHEHRTE S, 5T, 92DA
RYBMDIBESDIZEVWTAREFOZRANF —DHRETEH10 MeVE _E 1]
STHED, TOEREFEEORBE M VIEETH - HEETE S, KD
DADIZDWTH [ARED A REME TR X 7\,

daq0B Nal 2007/12/13 dagOB Nal 2009/01/25

_ 105: ¥* / ndf 21.96 /17 | y2 / ndf 16.04/17 _ 105: %2/ ndf 11.28/17
> E Prob 0.1862 > E

) = PO 8494+ 15.86 ) = po 161.8 £ 15.8
S0k po 41.03+12.19 S0k
o % Pl 1240205 |PT 15740150 | T % Pt -1.871£0.097
£10° £10°

3 3 F

©10? O10°E

10k

—
o
T T T T

10"k

AL !
Energy (Me\%

Energy (Me\%

Xl 5.26.: daqOBD AXRZ ML 7 1 v FDOFER, s TEHENLIFHIEEZ 71 v
MZFHAU, FRERD2DT7 14y MERDPDH BB DIZEL TIL
BGDZERE L =HEH DO BRI LA N EM 2 ML 72, A LD
NIV D [pl] MW7 4y NTHELNZEDOEEZRT,

102k

DA EDF & 5.3.20H TR 7= kG R R DM BE % 15,2012 77 37, BHZE AR AHBE X
Roniw, F72, 533MHE EBRIZBHIEO Y 1 X & DM % X5.3012 5%
U7z T2 TREGEEEENPADA XY bOAHA W, I56 6% BHEZHH
iR oniw, E—2mE L EOMBIEX31IIRUZ 266 BEIC
FHEFIZ R S v,

3daql T M X #1 7220101230, 20141202, daqOA T &l X 7220141202, 20141229,
20150124052,
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daq1 Nal 2010/12/30

Counts s MeV"'

%2 1 ndf 15.65/13
PO 305.3+10.9
p1 -1.455 + 0.033

1 1
%nergy (MeV)
daq1 Nal 2014/12/29
10° /ndt - 8743/16 | 42 /ndt  15.84/16
Prob 0.9236
PO 77.31+5.09
10 po 33.28 +5.17
pt -1.078+0.104 [PT ~ -1.653%0.058

Counts s MeV"'

1gnergy (MeV)

Counts s MeV"'

5.3. ARV NDOREE

daq1 Nal 2014/12/02

%2 1 ndf 12.69/9
po 2459+ 8.8
p1 -1.547 + 0.041

1Energy (MeV)

5.27.: daqlD ARZ ML 7 1 v s OFER, RRFERNIEH5.26 & F U,

daq0A BGOO 2014/12/02

Counts s MeV"!

%2/ ndf 26.71/22
pO 1452 +21.3
p1 -1.433 £ 0.016

1

daq0A BGOO 2014/12/30

Energy (M1eQ/)

%2 1 ndf 24.51/28

Counts s MeV"’

PO 176.5 + 18.0

p1 -1.658 + 0.088

Energy (Mé?/)

_
(=)
Gl

—
Qo
S

UL LU AL N AL N RRLL TP AL R

Counts s MeV"!

-

10°

10

Counts s MeV"'

daq0A BGOO 2014/12/29

2 / ndf
Prob
PO

pl1

17.19/14
0.2462
179.1+47.7
-1.097 + 0.182

x2/ndf  13.58/14
po 160.6 + 43.4
p1 -1.02+0.18

1

daq0A BGOO 2015/01/24

AL LT R L L L R TR

¥
Energy (MeV)
xe/ndf 1878122 |2 ndt  19.18/22
Prob 0.6591

po 1584 + 145
PO 1424 +15.1
p1 -1396+0012 | P! -1.477 £ 0.011

Energy (MLQ/)

5.28.: daqQAD AT ML 7 14w hDFER, RRFEAIXX5.262 [H U,
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5. GROWTHA N> s OfiEkr

F 511 HAWfloa Y 7 N— A NDE

ARV~ bR B = N7z fHIEFTAD
ID TR+ (stat.) £ (sys.) HDH
20071213 daq0B ~ —1.81£0.47+0.13 —1.10 £ 0.39
20090125 daq0B ~ —1.87+£0.10+0.01  —1.570 4 0.092
20101230  daql —1.46 +£0.034+0.01  —1.23140.031
20141202  daq0A  —1.433+£0.016 £0.01 —1.248 4 0.030
20141202  daql  —1.5474+0.041 £0.012 —1.31540.038
20141229b daq0A  —1.06 +0.18 +0.04 —1.18 £ 0.40
20141229b  daql  —1.03+£0.235+0.042  —0.87 £ 0.20
20141230a  daq0A  —1.658 +0.088 +0.013 —1.479 £+ 0.094
20150124  daq0A  —1.624+0.104+0.013  —1.2540.43
0 I I
daqOB +—=—
dagl +—e—
< -05 daqOA —a— |
S _
£ - T
5 1r + -
- e
G;J [] i H%_'
& 45| ; L .
-2 | | | | |
20 40 60 80 100 120
duration FWHM(s)
5.29.: fkfEiEfE] & W OMHE, FOFRAE IR/ E EMEIREDOMNZ R U

7=
=0
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5.3. ARV NDOREE

0 I I I I
daqOB +—=—
daql —e—
« 0.5 daqOA —=— _
5 N
= -
Boab | .
> -
& 15| E = .
-2 | | | | | | | | |

400 600 800 1000 1200 1400 1600 1800 2000
size FWHM(m)

5.30.: HAHED 4 X HOMB, EEDEHENAD A N2 D AHZE AN
Too FEDFRAITRBARAE L MEEEDR & U T,

O T T T T TTT T T T T TTT T T T T TTT
daq0B +—=—
dagql +—e—
s 051 dagOA —a—1
©
L _
5 At + i
g e A
8 15| ’{“ % —
_2 1 1 1 1 IIIII 1 1 1 11 IIII 1 1 1 11111
0.01 0.1 1 10
peak photon flux (photons s’ cm'2)

531 ¥ — 75 L HOMBE, HEODRAAE IXRMIRAE L MR 2D %2 R
L7
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6. BLAIICEDCKEEH VDR

St

6.1. EERDEFIEZRELT 2ERHER

6.1.1. R & BEEDM ERR

51388, 52fi TR R B D, 20144FEE D2D D KAEEHT X M TlL MP%
GON Y RRRIBERD T — X DA I» 6 RSO E 2 i TcE, Z
NPERL —X—TREFEEZOBEH L I B LTV, ZOIZ IRk
MNOERMEINTVS L DL, BEFERP EEZ B BES/-ERELTH VY
RASE D U 72 E RN T = B,

ZIT, AU EREIRE EEZOMERKRERNS 72012, 41 XYV
£20141202% X SIZFEL K RTASL, KRV —X—DBFEKEDN M %, daqUA%
i > TJRA E AT R M T o 728k 2 K6.1( B)ITRT, HEDOBELR
ER—ETHDE VI HARBIREZELS &, 4 XY MFEEFTROEKED
fizEdTH5LTHEHEE LS Z LT, 1RV MHULRZISK2343 568D (UT)IZ B 1
LEKRBEDODAEVBTHTEZ, ZNDR6I(P)IITR UL E Y XD
THh b, HROERRITdagQADN EZ R U, T ORZNT B 5 77 > < KRS
OB IR T D, KD WEEIZ R U THRT LT WAL ERR
DEEANND, Tz, BIRODHENSHAINND L 5 IZFENIRO K E XN
BImfBED AT — )2 EH DI L IIERP RIS NTE D, 5. 1L4HDENT
TESNZNL kmE WO BB O KEPLRYT A XEINI DR DMK
W

A EDR 2 7-TEEONIME & LT, 258 T R7ZZLPCR(A T
v MEBEMER)Z BT 2N TE S, M62ATEFEERIZE I HLPCRO]
SHIRAERERE R U, ZORAPRRINADIZ1937HED Z & T 33, Bl
ETHENBRETIVTHEHLEEZONT VWS, ZEDORFEIZARONS [+]
DFEHIEALPCRTH B, ZNAED EE 5 FTIEEKITARL, @@Lz e 7~
MZHDE D T FD i TnWd, Zhe M1z liigd 5 &, X6.212
B oNDBEME & LPCROMERGRIX. M6 1 TR OSNDBEWISE /7 < i
EHR O BREGR e EMEMIZ—B LU T WA TEPRTES, ZOHEE
k. ZESCHR (9, 29| TR X N7z & 512, LPCRAVH DL T H 5 mlHeM:
R HT-IEE T H B,

ISRITIZRR L — & —I1Z & B BARD AR O IS S & A BRE I DWW TRIWES
b2 ZA V—X—DBHEKEREZ SR LT, BRINT WD EEL] O HEENE
Z1 kmPANDBETRLUTWS Z &R TE 1=,
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6. BT EED CEEN < HROFHE

rain distribution on the line

Lﬂ

A=
N ... B Lo ) et
10 15 20 25 30
distance along wind (km)
estimated rain distribution

(63

N
g O

§

precipitation (mm/h)
N
(@]

—
o O

(@)

I | ——

o

6.1.:

88

'1IO' — '1|5' — '2|O 25 30
distance along wind (km)

(63

BEKE A ORI, EX: i A8KR200 D, ARA-RE305 2B 1T
L0k KT, daqQAIXRDEFETCRULMEIZD D, FTH: 1 RV
N Y — 2 A Z 72823056 F I B W T TR X 1 B BRIk E D 25 A,
JAGEA—ETH D Z & Z2IRE L, BIEDREKEN A ZADHIE - 643
BBXE, PR LS DRIEY X TR U



6.1. EHEHOETIEZ RS 2 B R

» — West East — .

Height in km.
o © o

E-N

POSITIVE
RAIN

i
[RR ]
mnie

NEGMIVE;RAIN

e
2

¥ 6.2.: HEDEMMESE, (33K VEIH, HEIZIEBMAOMHEE, HEIcAaE
I DFEIE DL K AT HEAMENRROSNE, Tho TR,
2 kI IZLPCR & FEIE A B /N X 75 F B faf D FEIS (X Fh R L) A3
H5N5, MEREIZE > TEMEEDIIEI R ITIX AR
IO UERERHEINZE ETEFEEIZEITD > THD A S~ KIE
BET 5,

6.1.2. HIEIMEG A RIET BEAER

RIZ, AR NIVIEHRD S GBS OIMEEE S, KK LRSI
i 2L TWVWB &5z, BERFTIMEINZETHE — LRITKEUTAST
UHEIE U T WA D THIIX, AFHROE NITEDIFE TV AR
7 MIVDBHEL 7D, BIZENBIFEEMS L b EERAFHINT Y
5, ZNZHERTH720, 5.1.6HB XU 2 TROI-FEE, MEBBILEIX
FEFGIZ RS HETHIE L, M63IZLCE & HITHRFTRUZ, T2
NI, LCOY = HETARYZ MUDBEREHHEL, TINSHNAIZEHS
< tkzﬁkﬁrmfﬁ%ﬁﬁwf &5, 1EOSHIHLD o 7z DI R 17 N
VETHY 24 ARV NORBPECTENIEL o TV TR N,
HI BN A3 R IR X 47z, /\IEI@%*% I, A AL RY NOLAERZ D
D, M TARYZ MUVDERS N> TWBIZ EERUZEDEHT LW,

MEDHEELIZMZA, AR MVOEVRFERTEE14 X2 Tl Hilsk
AV RNATDHBENRNT—O =S ezl TNEFTHLESIZ
FoTHBEINTVDS 13]&D15. INSDHEIFEHN V VEOLIEH
BAMVETIE SN ZEZANVF B2 SDOHIEIHRHNTH S Z & 2R
LT3,
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6. BN EED EEN ¥ RO
dagOA shield 20141202 LC > 100 keV daqgOA shield 20150124 LC > 100 keV

£2000- m
§1800;

1400} \
12001 1/2 3|4 \{ 6
1000f
8001 M
g00f ; s
i3 L i

L | L I 1
16:04 16:05

1 | |
08:23 08:24 08:25 16:06
Universal Time (hr:min) Universal Time (hr:min)

X 6.3.: 20 D KIEEHA Ry N FERICB I 2 EORKME(L, 1R v
R 20141202, 4512201501242 DWW T, FE TR U ZLCE S
THREDIZEDZAZR U, LCEKREBIGEZMIELTE ST,
HOMIIMESIOEZMIEL-EDREZ W2, iKX= %
WTHERE U721 kmD A — )L % RS,

6.1.3. EEEH L EFINEDOE R

GROWTHTHH L7210 > 7 X=X NDLCIK, ZDETHH T A2z 5
FINTWBEDIT TR, RIXTIE TTITEESN 24 THREH
A D20101230D1E D, Fr 721230 D@ o > FN— A M &2 BH L T
W5, D5 5D TH 5201412292 D3 MeV LC% [X6.4/£ 12777, Japan
Lightning Detection Network (JLDN)D¥R&E IZ X NIX, vV X DEIFE TR
REZNZ2.4 kmdbER TEMELE U7z, TN IFIERZFE U U THRE IR
FoTWwWs, LRSI T hﬁpquzmétﬁb\:@$§@\%%
WXk BEETDOBELDEIZ BT OMMEN @MU, TOREELTH
/7ﬁ®m%#iiott%ﬁfgé

£S5 0L DDHIE ZEFRL 17 TRUZA XY b20120113aTH b, =
R D IE & IZIER 12 %5m/a—bﬂ—zbﬁﬁmém Z D460 sIZ
by I N—=A MG LTz, TND F/2, BREICEIIERELD
%mﬁ\%?ME%%&%%%EWT%%&%%Tgéo

6.1.4. INRIZFDEE

WEFBEoa Yy ZN—Z2A N T54 M —TORITH T AR T, EAR
MR EZE DL DNE 57z, F7-, BREDERMELX A 7 2B A3l L
P2 — AR TEL, SO A Ry MEHAT T AR DELNLT

2ZREXHP TR, THD AR LWSEZHIZ (DRl LWHSEKRTHWTE D,
ﬁﬁlﬁééﬁtfclx HEWVWHERTHWTWARWAIZEEI N2,
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6.1. FREHDOEFIE %2 R S Bl R

daqOA shield 2014/12/29 daq1 Nal 2012/01/13
60 r.m200,
= £180

§160

a0f- 140
E 120

E 100

| 80|

| .
%Mw WW WM i <

1 L | L L L L | L L | L L
1:51 21:52 21 53 2154 21 55 025 00:26 00:27 00:28 00:29
Universal Time (hr:min) Universal Time (hr:min)

’ggi‘lH‘\H‘Hl‘\uwu‘u

-
O

X 6.4.: /:  20141229aD3 MeV LC, & »% 4 U 7z K Z(f 7 2 %
i 215433z v~ ¥ v X O A TR RL TV B, A
2012011320100 keVEA EDEIHDOLC, R UL v ¥ ¥ X THRE A
U 7204 (R AR HERE 00/9272000.0Y 2 R L7z, WIhd ¥ UiE
FF, MIEARIGE FFIEL TOWRW,

BEATIZAE U IR T &, IRENEDEUE, ER-oTERLZBDEEZ S
N5, BEEBAGALL, BEELRHA L 13802 5 A O HL A ERIZEE L
7HEDTHILMIRTEE, DFD, ETOARY MIAYZABIZHOE
EZDMbo>-HDE UTHIRNTE 5, I56I12, M2z &H1z, &
ﬁ®@&%fﬁﬁﬂﬁ%ﬁﬁ@bfm%%%ﬁﬁﬂé%fbé:&#&
1 kmD A7 — )V % & DIRGHE N 2R CHEE L TR 2R L T0ws 50D
EHEZOLND,

CZETOMREEFEDB L, HEPSTFRINTVWEZELSIZ, BE
DHIZLPCRZ R & U 72 \WEIG D AT NIZIFAE L (6.1.13H), T HE T
s 2 UTC5 5 0 (6.1.33H), Ak it m%%#m¢%@M%
D~ 1 kmfEE D A — VIZHEE U (6.1.23H), BlHII N5 DREEST v~
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B, MEBEOEE L. BEnD SEmfEE O T, H 2 FRE EH 722 E %2 H
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Thbd, —HT. HYBOBPEENSIRFE LTS3 WIRMEZDE DN
5, BENVMOMED —HIZFHHTES, TITUTRTIH o83
RAREHRET L LT TR —2ET V] CIERETILEFE L,
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6.2.2. B — AETILOREFL
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10 MeV (Hifh) BRiE N & LR F=
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FARI(r)E 7% ABE T A0S OACEREREE U TIZIEI(r) = Iy exp(—r/rg) T
AT & b SN S I1F EFRBBEBIICHE T 5 042 5 D Z &V
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Photon index vs Distance from beam center
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wrwin ) = J(g = 0)@@7&1’6\

wpwaM = 21/ In(2)ro(In(2)ro + 2b) (6.2)
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40%1FERKEL 15,

h, b,=05r, < b,=15r,
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TOMERHLUDN o2 B4RV MIOWTHEZEZRE BT S L2
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(LMA) & XN D FHEO—FEAH O, XA K—NVT T FIZL->THE
DHEAZNELBEH U -EMELZ, BERORERLIENSRET LI &N
T&3, ATV T ) —=X=2IEEN5, NSBREBEHRRESIRZSZ
EMTE, ZBHEFIZHmDEETZDBMMBMAAE2R Z LN TE S,
H A E N Tl Wang & D320154E 12 S /] DB 2 17 - 72 [3195, 2% A3 i fifi 72
7= DM BN F 2 I T Wiy, ZTOERGEE» S B OLHE &
EEERT 22N HAALNTE D, HEHms T T, Do < DEEGHELH)
ULTWLBRTFOREI Nz, 61 2HTHRFLUZE B0, HEE R L B
PHZBMEPE T B4RV NBFET S, ZDAXRY MMIDOWTLES XK
B X DS DR800 msHE T > Tz Z & &, H v AR OBIHIHE AL &
BDHE L DBk D72 > TW2HH 2 TEI5E RS S
B SAGI L T o /2720 HERIL TV D [24), 20104E 4K L

102



6.3. ILARBHANDIRS

M IZLMADS D IR, BRI EZ T D & S IZEBIGHEE) L 72 D
TAEIENTE, OYIN—AMNDPHERFINTVWEROEIGREIZEEN
BHIRZDIFSZENTERIFT TH S, SHBLBHNIGEL 20, BEF
BRDA R MBFET HBERTH A, FFEDEE &\ - 728150 5 B Mk
IZLMADYRBI X 115 H D R 7= 5,

103



6. BT EED CEEN < HROFHE

104



7. Eme T &

EEREIND DTk otz FEEH V< ORFIX FEFOMEY
ko TMEINZEFOREFBRNTHELEEZONT WS, KIIFET
i IS DS BEHIZh 7 AR 2 RD Ty 7 N—=Z M) 123
HUTZO#ME %N,

4 1Z. GROWTHEERR L L T Z N E TIFEITH 7z > THIBEAE
THEENT VMR EBRIU, 271l DTV i EREREZRZ, TD S H19f#
DOV TN=ZNEfEF Uz, FTRICHDSZ o 72200 KiEEH1 RV b %
RIS A Z 2 T, BEHSA Y D & 5 M E L O HRN, FZTHE
SN ADH T, BOIHEHD A Ry v RE SRR EINE U7z, &
NoEZNITA=ZRAL, BOVOMEZE N, 72, 41XV MNEERIZ
BIAZLRHA L =X =2 L, BEBOY 1 ZOHEIZH W, PAFIZA
MRz THEONEEREEEFLD B,

L 20144E BEIZ 72 1T A U 72 U AR IEGROWTHD &1 RN MR D1 /4%
BZAHMEADA Ry M2 ATZ, THIEFEBREERPRSWVWI &, KO,
EEIGEWIER I E, 51272 TH 5,

2. 19D Y FN—=Z MIH T AR, 72 R BRELRMT 228K
RN T E, R TH AL HIOMBEOMAEHLE THIHTE 5
e HRYIDTERL -,

3.0V N—ZAMOBEFHBOY A X EEBLH1 kmfEET. Y1 X
D500 mE D/NE VB YT N=Z MISED S BOEDERE XN h

> 77

4. AV NR—=A NDOBHIBOIEN D ZEH O AP SHDTEEL -,
F DY A R TIHEPEIZ675 £ 54 m, FEALIZ966 429 m & F7R B LAY
D RS, HETIEZWI 2R UEZ, B I TIEHEET51+£67 m,
AL T829 + 12 mEIFIFFHE L WMEZ R LT, ZHIEA RV PMZEST
TBEHSR DRI R 7B Z & 2 EkT 5,

5. KEREEA RV 1201412020 & FHEN VI FROBERIZEHT 5 Z &
THEEME L B2 oA, RV EZEORENISR L D £ 817U
TEH, YT XENSIVWE VWIS HERAO TR Uz, ZIUXEEN
T HREDEHEALPCRD G256 T 5 A REM: 2 R d 3,

6. MIIHDY 1 XD, T4 M A—TDOE—2I1TB1F2HE L HHET 2
B HEZFR L 7

105



7 ke F LD

7.

8.

9.

10.

11.

106

QYT N—=ARDARYT MVDEIZ-206-1DMOfEZE & D, itk
DBHFER L ERTH D Z L 2R L T,

DO FIMIE D IFEARY MIVHEEL 752 B HFE %2 WD TEIRN
HWTRUEZ, ZHRER» S FRINTWESIRTH D, FEEN
THRDEIEDFHE S TH B Z & 2 RIBT B - fEETH 5,

B ORIEAE FHEDOBET Y —LLIRELEZHME—LETILE
ML, HEERERE SEAZ 25 TR BOY—27mEL Y4 X
DOWAHEE A I T = 2 A ReME 2 F555 L 7=,

B — LT TIWVIZ LB BENSO B 2l ATz, TV IRDIELD -
HONA 2 FRFICHETE2EEIIFEL LT, /o T, EFYE
— LA DBOMRKEEND, BTARZ MILEWVWSERMDNS XA —X&
WFE2MATHEAALUZEFE—LETIVHERBRETH 5,

X0 FEHERETE —LRIREZ BT % 72 O I BB L BEOBHIA
HHETH D Z Ll N7z, WERBOBPNIIHER X D Bkmtids T
LA &, KEEDODMHEBIZEI2BHIPEETHS, £/-. &HELEE
BHT 27201215 H L0 EVAELRED D MR ELBETH
5, BEVFANLDO - VIal—YarvEISICEEAL. IS DE
HWAEFATEEZNRTRA—RERDIFZ2ZeNTENE EFLE—LD
IR EZHET DI N TE S, IheEGBEAZHAELENR F
EOEF IR T 2 B REEIZHED,



B

AE L, FADNE AR 3R AR 12 E%¢@@ﬁ@ﬁn%ik@t%@f%
b, ZNZHTDEL DHICEMERICR 57, £, AL
UU%R4imbkbﬁm&_%§%?éot®&t6f\MAWEH%
K%%@ﬁ<ﬁ%éof<ﬁéotﬁﬁﬁé®¢gﬂ#%$ ZIEL %
HU BT, 72, EHEBICEZT IR RN HE2EZX52 WDk
Wrz U7zfhZ2 < ZIF ANTL 2D, %Z‘E/L\ THRELSFX oW E—R
A 2 B L BT 720,

AT D7z > THAHR < GROWTHO Bl 2 ki S T & /2 L EF X
KRIZIEKREBMEE IR o7z, RANEH ZH U B 720, KOBHIDH -
MO I FRBLTCRLEO Y I NN—ZA NG AT A NTE
Tzo M55 3T 9H5 ETHELSDMELEFLZWZZWEZZ EIZHESL
B AL B 720,

ARz Ialb—varvzEURIC &Lf%if Ry 3L
—YavEEREFLDODTLKEET SO X, KRIE - BIRIZHALTLKEE 5
TR R KIC & 2 B U B 5, HEEDE %@@%-ﬂaﬂmaaf
THHnrEE Wil E NS L OHFEOH R wihKIZEE 2 H LU IS
%, 0144EE Iz % 8ET 5 £ T, V7FW:7%% BWT% A%
Eﬁ%mtﬁwt%§$ﬁE W H U BT D, GROWTHDANL B BT

WCHEKRFOMHESRERZEZ LU T EZI S 2IEL BAxDE2 T -
T-HEF G RIZEH 2B U T 5,

DI D et 2 ED T BIIhHz>o TCTEERMEZ S NAEZKAN

—FEABIZH AR L L5, EELEZZEOLDEREMRD LT
L\/\/\/%ﬁnﬁ ol KNDYEHKEE, TIITEIZEE LW, F 7=,
FIZINTHZDHMEZ R oM RBD 2 IZHEHZH U EIF 720,
%;T\ AKW5e D 5 5 XA THOEEDR G EIT T ZI o =M Iz
RE A

BT H A A0 P Bl & BT &R 24740183, 15K05115, 20126163, $ &
ODC2OKEBIZ L D I E iz,

107



7 ke F LD

108



{1 8%






A. 1RV NG—FHDOE VIBDR
iEjgﬁﬁeiéﬁfFEq$EﬂL
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WY T ATV T VICHET A0 v v 2SE L, BGDIZERKT 5
ATV N EBL T BRE, HAMDEE T HROL Y VIEwEERLZE Z0D
AREEo(w)l&
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VigERwIZE o BB ONSARE, BRIV YT VDo
3, Hik FWHMZ R T,

112
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g
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>

C
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EIZ9 B,

A2 b L — NA160 count/sPA EDRHEZRET S Z & THENDOK
BrWMORE, Ma1OHWEZyHHT A LITLD, HCATRTA 7 &
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detector photon index
4

\
detector photon index

\
detector photon index

P

\

r | | | | | R | | |
-25 -2 -1.5 -1 -0.5 -25 -2 -1.5 -1 -0.5 -25 -2 -1.5 -1 -0.5
initial photon index initial photon index initial photon index

X G.2.: #lli 2 AJJARS MVOR, Mtz M T 0FEE UTRLULE BEOD
AT BEfR, 78 daqQADBGOY — IV R DA, H1: daql DNal &
DGE. F: daq0BDNalER DI &,

G2. BWHEHBEAVTEI T v I ADHE

GNHEREIE. AHARZ ML %310 MeVOMEBICEERES LTIV b
BMENEUEBEDOlE, HUiE—LDKRI oKD B, FHRZ3MeVE
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On-ground detection of an electron-positron annihilation line from thunderclouds
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Thunderclouds can produce bremsstrahlung gamma-ray emission, and sometimes even positrons. At 00:27:00
(UT) on 13 January 2012, an intense burst of gamma rays from a thundercloud was detected by the GROWTH
experiment, located in Japan, facing the Sea of Japan. The event started with a sharp gamma-ray flash with
a duration of <300 ms coincident with an intracloud discharge, followed by a decaying longer gamma-ray
emission lasting for ~60 s. The spectrum of this prolonged emission reached ~10 MeV, and contained a distinct
line emission at 508 & 3(stat.) £ 5(sys.) keV, to be identified with an electron-positron annihilation line. The
line was narrow within the instrumental energy resolution (~80 keV), and contained 520 % 50 photons which
amounted to ~10% of the total signal photons of 5340 £ 190 detected over 0.1-10 MeV. As a result, the line
equivalent width reached 280 4 40 keV, which implies a nontrivial result. The result suggests that a downward
positron beam produced both the continuum and the line photons.

DOI: 10.1103/PhysRevE.93.021201

Introduction. A transient burstlike emission of gamma rays
with energy up to several tens of MeV is occasionally observed
from thunderclouds or lightning by either on-ground [1], in-
orbit, or airborne detectors [2]. These high energy phenomena
are considered to provide evidence for electron acceleration
within thunderclouds.

Since thunderclouds harbor strong electric fields of typ-
ically 0.2 MV m~!, electrons with initial kinetic energies
>100 keV can be electrostatically accelerated to relativistic
energies as high as 2050 MeV [3]. Such relativistic electrons
will successively multiply in number, forming a process
called relativistic runaway electron avalanche (RREA) [4].
In addition, these showers may involve the production of
positrons, which can be accelerated backwards and further
increase the number of high energy electrons, a process
called relativistic feedback [5]. The observed gamma rays
with smooth power law spectra have been explained as
bremsstrahlung emission from these electrons.

These gamma-ray bursts have a wide range of duration.
Short bursts with a duration of ~ms order, observed both on
ground and in space, are considered to be related to lightning
discharge [2]. Long bursts lasting for minutes are observed
only on ground, and are not associated with discharge. Thus,
they require yet unknown mechanisms for long-sustained
acceleration within thunderclouds [1].

Recently, strong electron-positron annihilation lines at
511 keV were detected in coincidence with lightning, by the
Gamma-ray Burst Monitor instrument on board the Fermi
Gamma-Ray Space Telescope. The event lasted for only
~10 ms, and the annihilation line was interpreted as resulting
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from an electron/positron jet from the lightning, arriving at
the satellite and interacting with its structure [6]. Similarly, a
short-duration 511 keV line emission was reported from an
airborne observation quite recently [7]. These results provide
clear, and so far, to our knowledge, the only evidence for
positron production related to thunder or lightning. However,
no evidence for such thunder-related positrons has so far been
obtained with ground-based measurements.

In the present Rapid Communication, we report the
detection of a strong annihilation line from thunderclouds
with a ground-based experiment. In coincidence with an
intracloud discharge, a short-duration (<300 ms) gamma-ray
emission took place, followed by a prolonged emission lasting
for ~60 s. The annihilation line was associated with this
long-duration emission and lasted for a duration similar to the
continuum. The line was very strong, and contained ~10%
of the total photons, requiring us to consider some nontrivial
production mechanisms.

Experiment. Our experiment, called GROWTH (gamma-
ray observation of winter thunderclouds), is located
in the Kashiwazaki-Kariwa nuclear power plant at
37°25'16”"N,138°35’46"E and at an elevation of ~30 m
above the mean sea level, facing the Sea of Japan, in
Niigata prefecture, Japan [1]. Winter thunderclouds in this
area, produced by the Asian monsoon, are characterized
by very energetic lightning strikes, together with low cloud
bases. These conditions allow efficient gamma-ray detection
even with ground-based detectors, without suffering strong
atmospheric attenuation.

Operating since 2006 December, the GROWTH experiment
detected more than 20 gamma-ray (and/or other radiation)
enhancements over eight winter seasons. About ~2/3 of them
had durations of 1-2 min and were classified as “long bursts”

©2016 American Physical Society
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FIG. 1. Count-rate histories of the present burst recorded by the
Nal detector. Abscissa and ordinates represent time (second) and
count rates, respectively. Error bars show statistical 1o. (a)—(c)
represent the count rates in 121-2544 keV (1 s binning), 584—
2544 keV (10 s binning), and 448-557 keV containing the 511
keV line (10 s binning), respectively. (d) is the 511 keV line count
rate obtained via Gaussian fitting to spectra integrated every 10
s. (e) gives those in 121-420 keV (1 s binning), which includes
Compton-downscattered 511 keV photons. Dashed curves represent
exponentials with a decay constant of 30 s.

[1,8], while the rest were very short (<1 s) flashes classified
as “short bursts.” Although it still remains a puzzle as to how
the gamma-ray emission in the long burst is sustained for such
a long duration, the maximum gamma-ray energy, ~10 MeV,
is similar between the two types. Detailed descriptions of
our detectors are given in Ref. [9]. The present work uses
GROWTH “daql,” which consists of a Nal scintillator having
a 3 in. diameter x 3 in. height cylindrical shape, and a
30 cm x 30 cm x 0.5 cm plastic scintillator placed above the
Nal with a 5 mm gap.

By inspecting the Nal count rate record for short time
(<1 s) increases with a significance of >100, we detected
three events in 2012. Among them, the strongest one, which
we report in the present Rapid Communication and called
20120113a, was observed at 00:27:00 UT on 2012 January 13.

Analysis. Figure 1(a) shows the total count rate versus time
of 20120113a as recorded by the Nal. It started as an intense
gamma-ray flash, in coincidence (within 300 ms) with an intr-
acloud discharge which occurred at 300 &= 150 m horizontally
away from our detector. The lightning discharge information
was provided by the Japan Lightning Detection Network
system (operated by Franklin Japan Co. Ltd.). Hereafter, the
time of the discharge is taken as the origin of time ¢. The photon
flux was so high during 0 < ¢ < 300 ms that the preamplifier
saturated; we treat this initial period as a dead time.

After t ~ 300 ms, a much more sustained emission was
seen; it decreased exponentially in all energy bands on a time
scale of ~30 s, as indicated in Figs. 1(b)-1(d) by the dashed
fitting curves. Yet another, even longer, emission enhancement
was seen until # ~ 1 h, but this was likely to be background
radiation from “Rn washout.” This is radiation from various
daughters of radon in the atmosphere which were brought to
the ground by precipitation. It is known to vary on slower time
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FIG. 2. Nal hit density, plotted on the plane of time (abscissa) and
energy (ordinate). The intracloud discharge happened at time r = 0.
The gray scale represents counts per pixel, with sizes of 2 s in time
and ~27 keV in energy.

scales compared to thundercloud-related signals (seconds to
minutes [10,11]).

Figure 2 shows a gamma-ray hit count density of the
present burst, on the plane of time and energy. Throughout
the time span, we notice line features, for example, at ~610
keV, which are most likely attributable to background 2!“Bi
gamma-ray photons from the Rn washout. In addition, another
intense line feature at ~500 keV suddenly appeared at t ~ 0,
and decayed within ~60 s.

In order to examine these spectral features in further detail,
in Fig. 3 we produced energy spectra of the Nal hits before
(t <0 s) and after (r > 0.3 s) the discharge, with a 100 s
exposure each. In addition to the 610 keV line, the two spectra
both exhibit other emission lines, including, for example, a
1.46 MeV line from *°K, and a 2.62 MeV line from 2%T1 in
the thorium decay chain. Using all these lines, we refined the
gain calibration down to an accuracy of ~1%.

In Fig. 3, the difference between the ¢ > 0.3 s and ¢ <
0 s (background) spectra exhibits a single emission line at
~500 keV, which is absent in the background spectrum. This
reconfirms the indication obtained from Fig. 2. When we
fitted the difference spectrum with a single power law (for
the continuum)+Gaussian (for the line) over 200 keV-1 MeV,
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FIG. 3. Energy spectra of the Nal detector accumulated for 100 s
before (dark gray) and after (light gray) the discharge. The red
histogram shows the difference between them, which represents net
signals from the present phenomenon.
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the line center was obtained as 508 &£ 3(stat.) & 5(sys.) keV,
which includes 511 keV within statistical lo. The systematic
error refers to the 1% calibration uncertainty. The linewidth
became 80 £ 11 keV [full width at half maximum (FWHM)],
which is consistent with an instrumental energy resolution of
~75keV atanenergy ~500 keV. Thus, the feature is concluded
to be a narrow line from electron-positron annihilation.

To follow the time evolution of this line, the same Gaussian
fitting was performed over spectra integrated in 10 s intervals.
As shown in Fig. 1(d), the line flux decreased on a time scale of
~30 s, which is similar to that of the higher energy continuum
in Fig. 1(b).

During the 100 s just before the discharge, the total photon
counts in 120 keV-10 MeV were 15290 £ 120 while those
after the discharge were 20620 =+ 140. Therefore, the signal
photon counts become 5340 £ 190. In the same time region,
the 450-560 keV counts (which cover 1.5 x FWHM of the an-
nihilation line) were 780 = 50, while the pure annihilation line
counts obtained by the Gaussian fitting were C = 520 £ 50,
which reaches ~10% of the total photon counts. Assuming
the continuum has a trapezoid signal shape, its photon density
(=counts/keV) at the line centerisd = 1.90 £ 0.17 keV~'. So
the equivalent width of the line, which represents the relative
strength of the line to the continuum, becomes Wg = C/d =
280 £ 40 keV. This Wg is independent of the detector energy
resolution. All the errors given above are statistical.

Dividing the line photon counts by the effective area
of the Nal scintillator, 19 % 3(stat.) 4 2(sys.) cm?, the inci-
dent line flux is estimated as 0.28 £ 0.05(stat.) £ 0.03(sys.)
counts s~! cm~2 averaged over 100 s. Here, the photopeak
efficiency of the detector was estimated by illuminating
another Nal scintillator of the same dimension, with a 22Na
source of a known decay rate.

Discussion. When 20120113a took place (at local time
09:27), the sky was fully covered by clouds, with precipitation
and relatively strong westward winds from the sea and
occasional thunder and lightning. These are typical conditions
under which the past GROWTH gamma-ray bursts were de-
tected. However, among the 20 GROWTH events, 20120113a
is unique in two aspects.

One is that it is the first long burst in the GROWTH list
that was initiated by a discharge, and also the first that was
associated with a short burst. Although this is a very interesting
issue, we postpone its argument to a later publication, and
concentrate here on the other aspect, namely, the very strong
annihilation line with Wg ~ 280 keV itself.

For comparison, we searched the past GROWTH events
for similar line features. Among the 12 long bursts previously
detected with GROWTH, nine had usable spectral information.
Of them, eight showed no signature of the 511 keV line, with
a typical lo upper limit of Wg < 75 keV in bright bursts
(with uninteresting limits in the faint ones). The remaining
one, detected on 2007 December 13 [8], exhibited a hint of
the 511 keV line, as shown for comparison in Fig. 4. However,
even this case gave Wg = 140 % 50 keV, which is only half
as large as in the present case. Thus, Wg varies from event to
event, and 20120113a may be regarded as one of those with the
largest Wg. Below, we consider the production mechanisms of
such a strong annihilation line.

We can immediately exclude several simple possibilities.
For example, the sudden emergence of the 511 keV line,
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FIG. 4. A comparison of the signal spectrum of 20120113a
(crosses) to that of another GROWTH event detected on 13 December
2007 (open circles [8]). The latter one is rescaled by a factor of 1/10,
and its highest energy bin contains all the photons with energies
>10 MeV.

followed by the 30 s decay, cannot be attributed to the
background Rn-washout effects, since they would vary on a
much longer time scale of ~10 min. Furthermore, the Rn decay
chain contains no nuclide which emits a single 511 keV line
or produces positrons. Positrons created at or near the detector
by the gamma-ray continuum would not explain the very high
Wg of 20120113a, because it exhibits a considerably softer
continuum (Fig. 4), and hence a lower pair creation efficiency,
than the other GROWTH long bursts. A photonuclear reaction
caused by the short burst is an interesting possibility that can
combine the two outstanding features of the present event, but
this is also unlikely, because there is no candidate radioactive
nuclide which can be created from abundant molecules in
the atmosphere and decays on 30 s via the Bt channel.
Furthermore, this possibility requires another mechanism to
synchronize the continuum and the line flux in their decays.

From the above considerations, we infer that the pair
creation continued throughout the long burst, at or near the
same region where the acceleration took place. Then, the
produced positrons annihilated with ambient electrons to emit
the 511 keV photons which we detected. Then, how can we
explain the observed large value of Wg? For this purpose, let
us review the most standard understanding of the GROWTH
long bursts [1,8,9,13].

Let us assume that ~50 MeV monoenergetic electrons
are isotropically generated in thunderclouds via the RREA
mechanism mentioned in the Introduction (although some
additional mechanisms would be needed to sustain the pro-
longed emission). The energy is set to be ~2x higher than the
cutoff energy suggested from the GROWTH spectra. Then we
estimate the bremsstrahlung spectra following the thick-target
case of Ref. [12]. Since the interaction cross section of
gamma rays in the air becomes pair-creation dominant above
~20 MeV, let us simply assume that all the photons above
this energy are converted into positrons, and eventually the

021201-3



D. UMEMOTO et al.

annihilation line. By comparing the bremsstrahlung continuum
and the line fluxes, we can predict the largest possible Wg.
Even in this extreme case, however, Wg becomes only 60 keV.
In reality, the continuum is considered to be even stronger,
because the bremsstrahlung continuum would be beamed
towards the detector, with a typical solid angle of AQ ~
2 x 1073 sr [9,12,13]. This would enhance the continuum by
3—4 orders of magnitude, thus making W less than ~0.1 keV.
This is by far below the observed value of ~280 keV. Any
other realistic processes, such as Compton downscatter and
distributed energies of incident electrons extending towards
lower energies, will all decrease Wg since the continuum would
increase at ~511 keV. Therefore, we need to invoke some
nontrivial mechanisms to explain the observational results.
Below, three such scenarios are discussed.

The first scenario assumes that we were observing
20120113a from a rather large angle to the bremsstrahlung
beam axis. This would increase Wg, because the beamed
continuum intensity is suppressed while the isotropic 511 keV
emission remains unaffected. In this case, large Wg should
be observed at the beginning and the end of the burst as the
thundercloud drifts. However, such a sign is not seen in the
present event. Thus, we consider this scenario to be unlikely.

The second scenario is to assume a downward electric field
that accelerates electrons upwards and positrons downwards.
In this case, bremsstrahlung gamma rays from the accelerated
electrons will be emitted upwards and may be Compton
backscattered into our detector, while the positrons accelerated
downwards will eventually generate a 511 keV line. However,
such beamed photons would drastically lose their energy
through the scattering, resulting in spectra almost lacking
photons above ~500 keV (e.g., Ref. [14]). This contradicts
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the observed continuum, even though it is relatively soft. Thus,
this scenario is also unlikely.

Then, we finally consider the third scenario, which as-
sumes that positrons, rather than electrons, were accelerated
towards the ground, and generated continuum photons through
bremsstrahlung. In other words, 20120113a is likely to be pro-
duced mainly by a positron beam. If bremsstrahlung emission
from the beamed positrons is mixed with the backscattered
electron bremsstrahlung in this scenario, we may be able to
explain the relatively soft spectrum of 20120113a and its large
value of Wg ~ 280keV compared to the other bursts. Although
we lack electric-field data (due to some malfunction in the
sensor) during 20120113a, about 30% of the winter lightning
discharges in this local area are known to have positive polarity
[15]. In other words, an electric-field geometry accelerating
positrons toward the ground is not rare.

In conclusion, we detected a strong electron-positron
annihilation line in the long-duration gamma-ray burst event
20120113a, which started with a short gamma-ray flash. It is
likely that the positrons were produced for tens of seconds
by the acceleration process that generated a bremsstrahlung
continuum. Finally, based on the observed large value of
We, it is suggested that the entire emission, including the
continuum and the 511 keV line, was produced by a beam of
positrons.
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