EFHEXFIERRB ST ERESE, XXV, 2014.03

BIAFERICH 7o RIERTFHMRA < b

Sudden cosmic-ray increase events recorded in tree-rings
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Abstract

Although some candidates for the cause of the mysterious cosmic ray event in AD 774-775 have been reported,
we were not able to specify. In order to investigate the occurrence rate of the *C increase event like the AD
775 one, we measured “C content in Japanese tree-rings during an extended periods. As a result, we detected
the second “C increase by significant amount from AD 993 to AD 994. From the occurrence rate (one C
event / 800 years), it was revealed that a large-scale SPE is the most plausible explanation for the '“C event.
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FHABRELRAETE S, Z0 L5 RBEOBRFERME ORRESITMARERT “C i<,
IBfEEy, HEBEYh o UC R, KEHD YBe R ¥C1 LW o EHBREREEEZ A TRARB I
ARETH B,

HIRA~OFEHBBIINEEE 11 ERAHDOY 2T —~ A 7)) ICX o TEEL ST, UC D4
BRER Y 2 U —_P A T Lo TEI5%REHR L TV 2 33 [Nagaya et al. 2012], BEEEA—F
— TR ZOEEZRKEL ERILRW, LML, FHTORHT R —HE (KHFH Solar Proton Event;
SPE, HUERIT{EDBHFRBREN </ S— R NE) BBAELEE, HEBR~KEOTHRBEEY
BE, 1EUTTCARETO “"CRENZERTHEEZ NS,

AHRLRIO “C 212U & T2 FHERERBRAORE TX. B R AF—HROH SRR
RO Tnieote, FFic, BRESICEIF CRLAZIENVEEEZ LN TV I EHER
7% SN1006 (VH/E 1006 4E) <, BHE ERRKOKB 7LV T7EELRTWAEXY I 717 (B
& 1859 4F) R ORI CIRE DO LRI R b2V [Damon et al. 2000; Menjo et al. 2005; Stuiver et
al. 1998], ZDOZ &M HARIC UC BIEBRBR INNE, EITBT oA <2 MR E I LB S
Tholcb 25D,

ZOXIBRBTRANF—BEREEETHEMNT, 2 E TR XBAK (Crpromeriajaponica)
FRFR O “CBEFSRIE L TE T, 10 F58E680 IntCal 2B EhR[Reimer et al. 2009112 33T, #M
RORKEW S HHELICEE LT 1EFEE T LA L ZA BB 774-775 SFiThT T 1¥C
RS %% R U/ [Miyake et al. 2012), 2 KD BAMERE R NTROMh o 20 775 4 <

M, Z20#%EROBHEOMAZ AV UCBEREN LFESHER I T B [Usoskin et al. 2013;
Giittler et al 2013), X 112 KA Y OA—2 (Quercus) V7N L BAKERAWZRIERL RO LE
#RY [Usoskinetal. 2013], Z @ L 5 it REHMOBAREZF WML b, 775 FA4 X FEEBAR
fHED R b O TR, FHRBSHMIRMICEEL L2 2 LBHLMC o,

775 AR NOFEROFARBMHEE LT, BRRATRELEVa— TR b (F
MPREEFR T T I E—NOBEILL > TREETHLEEZELALONTWA), EERKBOXRBHEK
SPE (K7 L7au T HREHE W KBREDBRREICL > TREDFZRNVX —RFHK
HENBBER)BER ST, "CREZHEMSES X5 RHRITE 3 — o <BR—2 LD
FABEL, BAICL > TR 400 THEIC 1 EREL REL O TWEE, TOBREBKENZHRH
1300 4ERT (775 4E) W23 a— b A< A— A MBRA L TW T M E T & 42\ [Hambaryan
& Neuhduser 2013], “D X 512, 2 DOFIBEFMBZER - TR, Fhll EoERBEE RN
Tdhot,

ELIZFEZBRT D ETUC AR MORBEFENEBEICRDZLEZ DN, HETH4E
R&EIRTF UC ARy NOBEEIT- /e, AT, JIEEREZILRL TR ok 2 FHD “C
mnA Lo b EFOREIDWTERT 5.
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Figure 1: The comparison of “C content in Japanese cedar trees and German oak trees. The

lines show best fit series of the calculation of a carbon cycle model. This graph is cited from
Usoskin et al. [2013].
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HAWEE BT EERBERERZHVTRESI N, BEHN 1900 FOERAL (30.2° N,
130.3° E) TH %, 1 FMILICHBMLAR S, TNERMAEZEL TS 7774 e L, 4
TEREFFREER G ¥ —OIESREEHTET (AMS) [Nakamuraetal.,2000]T “C IR E
ZHIE L, “CEBE Stuiver & Polach [197TIC X > TEREIND AW CIT L o TEEND,

3. 994 LR b

775 A R MTZDUWT D Miyake et al. [2012]TiX, VR 750-820 FE £ TOT —F B L7253,
AEE HICHEERZ LT CHEE 600-1021 4£ £ ToEk “C 57— % 21 Uiz [Miyake et al. 2013],
T — & O fREITHEGERICHIE->TIZFE2ETHSD (FZZ LAER 991-1001 IZh) Tk 1 £
BB, Bohic "CBET —F & IntCal09 & DL ZK 2 IZ7-d, ZOHEEICLY, R 993 2>
5 994 FEZHNT T 9.1%DREEICK L TH LN UC BEEMERA Lz, 1 £ TN L%,
775 ARV P EFRDOBD DR BERA LD, ZOBFEIL, KBRRICL-THATES L
# % b B [Miyake et al. 2012], 7754 L 994 4ED 2 A X M OB H K 3 1I27R7T, 994 FEA X B
X775 A XV FOBED 06 ZFTHY, MABADOEENIEREIZI LTV S,

994 A X FNOBHEMEHERT D7D, REREOE /X (Japanese cypress) V7 V%
WEHIEZITo 7 (“C BEREIXLBRED AMS [Tokanai et al. 20131%FH), T OMRKE. BE
993-994 FEIZNT THLMRX ¥ v BB LI, 994 A R MZOWTHERABARIZL Z2HB
HEHER L, BAEZAWTRIH Uiz 994 840 MMIYH], 992993 £ E e b E@mEL
Tz, L L, EREREZHIICHAE L & Z ABAEROBERNHOND | 946 ELUEDEMRIT
1 EFo% AT B Z L BHL NS/ o 72 [Miyake et al. 2013a & 2013b],

FEMOKEES YBe 77 w7 2D 10 FEIZ S, 2 A X0 MRS LEFERIZKRE R EARL LN
[Horiuchi et al. 2008], “C & “Be Wi OEIMEDLLIIFRRETH S, RIZERSo7 25D <y
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BVWBENBS EEZEZLND, DL SR 220Dy M@ UCEBBRLETWBADIZA,
UC L Be DEMEOILRFRETCHBZ LD, 24Xy MIFEROKR CTH DA EEHERE,
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Figure 2. Comparison between our measurement data (diamonds with error bars) and the IntCal09 data
(line). The arrows indicate AD 775 and AD 994 from left. This graph is cited from Miyake et al. [2013a].
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Figure 3. Comparison of the AD 775 (squares) and the AD 994 (diamonds) peaks. The zero level of the
vertical axes is shifted to be the weighted mean value of AD 770774 for the AD 775 series and AD 989-993
for the AD 994 series. This graph is cited from Miyake et al. [2013a].
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4. FRIZHOWT

IHETCREMSNE YCRED 12 E0MECHIEHEIL. 45195 L4 1600 £/ TH 5,
FDOHRT2AXRV RO LD, BEETOUC A XY MORBAFEILS00FIZ1 EL
Wb, ZTOEERX MR LEya—bH e —X FOEELIVIXBNIREL, 8004FEIT 1
ELa—bHr<ffi/i—2 FBREE AERIT0.02%THD, T, Ya—MHrv# g —2
HERRE LTRBRICSL, KBEESPER C A XV FOBRLRZYLFERLE LS,

775 A R0 b O UC EMER EOREOHED SPE IZHY T AhDREN W 20 b, HiER
~AN LizEERIiE, 8l casohn 55K SPE @ 10~ 10 501 5 & A b5 [Usoskin et al.
2012 & 2013; Thomas et al. 2013], BERRL7= L 51, BEIH ERERKOF ¥V o b7 U7 RAELER
BIZBWTUCBEEMBA LR, RIZFY Vv b7 LTICL 3 UCHMBPAIEEERE &
THETISEARPMEIF XV P AR FODRSEL 10fFICAYS L, ZREERORE
B EFALRY,

ZITCHETOILERD DD, ES 1 ERMETHDL T L LERFERO 1 EFRORE
LORELRVETHS, o TUC ARy FOREDN 1 D SPE THANE TR, BED
SPEIC L BWEEMNHD (EE L, 1ELAIRBELTWAHERS D), EBIC, K7 L7H
BETHRBOESERICBWT, BROZLT7REGELTREXZZLBHIH, F0OL5R
UL+ aBLLNS,

TDX SR RBMED SPE B3 RAETB L, Y UEPRB AN E~OFERBLET ER T3
B, EY~OEENLEEEIHE VRV EREDL b T 5 [Melott & Thomas 2012], EERIT 2
DO UC A A PBRELUTZABOERERATH, BRSEELZZOTEFKITRO»o T
W,

L2 L, RIZ4 BICBW T KR SPE B34 L2 BE, SIS ~EAREEIRLELEEZD
3, FIZIEE=RAE—BTFICL 5 ATHEORES, BHEEELIC X 5 iEkREOmERE
= OESLRABHELEESSEEXSLTFHRENTWS, F¥ V77 R RICSBERELE
LA OHEERBII2KETCL 12k P LEM) KRS EWIREA L H B[Royal Academy of
Engineering Report 2013], SBIDHEFIX. ZOXF 2V o772 KE< EEA X 572 SPE 8
TI5FE L 94 AFETHAE LR BEHRLTRBY, TEA—F—THD & DX 572 SPE K
TRHEBMICAE L TWEEEZONS, EVH#Ex 5 L, IBEDOKEM SPE OIREFMIE 5 Lizag <
Y FRRRICBWTHLREET ISR R T HLOTH S,

# 1 : TEICIR D KHAH2 SPE O AFIEBI~DFE, AD775 1 X b OBMHBREOKEL, K
WIS EARV M BEXY P 7LT7O 0FERELESEO LD,

Table 1: Influence of large SPEs to human activity. The values of a radiation dose of the AD 775 event are
based on an assumption that the 775 event is 10 times larger than the Carrington event.
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5 Bbyic

ABROEETIE, TA—1—T7 V7] LEINZEEOKE 7 L7 Ofiiff b= R AX—B/HW
HE BB Xh T 5 [Schaefer et al. 2000; Maehara et al. 2012], L L., A—3—7 L 7 HREEEIZ
KB TRE A PERICEHBIN TV, SRIESHo %k UCHMEDHit, MER~AS LR
ENVF—FEHTELIN, TORBTO7 L7 2RAAF IR DI 2D ERLE L
2%, BEDKBTLEDZ FADT VTR EOREOHE CRETZPHALNCTEI LiX. XB
BRI BNWTHOHEBIZEETH D, SBRRODPT MC ARV FREOHFEED 7 LT IZHYT S
. MBICHSLKERD D,

BREE TR 2200 UC ARy FRROh>TWEN, BEMD L IHIZEL DAy FRTFET
HLFHENDE, 4%, RHlchEEEER L TH LR UC A ML, LV IERERR
LEEEPRODITFETH S, KB SPE ORAFEIL, fFRD SPE X2 5 L THEICERE A
FA—HIRBEEZLNS,

BBIZ, WCARVFMINEDOR Yy 7L LTEOFERRBEBTCEH 00, "CERAIEICE
ARERFHEAIZRDED, oTELDUC AR MR DI LiX, &Y ERLRARE
HFERREICKRESERTOIbO LIRS,

B

BERFZOARNBELAETIL, BRHEROBHNEREBLEL TWeFEELE, ZOEREY
T, BB L ETFES, AR, FHREASENMALRERNE GRESEE 24 - 3218) O
BRI b0TT,
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