FHEBRZMEREESNEEBRSE, XIX, 200803

TV ey 2R —T— NI BT DRI Edg e MC RERIE

LS (), KIGHERE (), HEAH), FHERKD), BEROAT(), MAKEW)
()40 i RS KRR R BR B2 S0 FT
T 464-8601 4 B TR A ERT
TEL: 052-789-4320
E-mail: kitazawa@stelab.nagoya—u.ac.jp
(D% EHERREFFERRERESH I 7 —
(ORI RFEFE MR
(DFFERFHT

1. IILHIT

BEOKREESBRORE)S, KBIESNTY 20— A7V LTS HEDE B> T
BIEBHON TS, TDOKEGREDOFTHEFKDOPIZ, 16455~ 1TISFEIIINT TREMFEALHEHNR D>
TR EAE D), ZOR T ~T & — R/ NI LTI, RSB BRI CRIBL TR ©
HDHEEZLN TS, ZOEBREHNTIB O TABHER DL 2T —SHF A IABH-TONEID KB E
RPDHAZ LT TERY, F- B ABLRIBR LA LRI O KGO B ENEENZ SV ThMB T LIETEARL,

250

b
(=]
o

—
o
o

< 2 —F/ N |

ﬂﬂl |

_|1 1

1605 1655 1705 1755 1805 1855 1905 1955
Year AD

B41. ABRE ¥ (Hoyt and Schatten, 1998)

Grotp Sunspot Number

ZZTH A OB N —7 TIIFHBERO B CHLC 265U, BED KETEEIE/]
HIZBITBY 2T —_P ANV OF AT TET,
ZHIVETIZ, Stuiver(1980)IZ L » CEZIN- ML L TO Y aX—F — /Nl ~<T & —Fi/
(1413~1745) \ZHBITABARFUCIEREREZITO, EOR/{R <V — B/ NI T 2T — P78
TASERRBE IOV T80, M/ NI -/ N R 0 KBS T Ehid & B Tl O L114E, 2 —F—a/ N Ti 1L

—103—



BEHBRFMEFESOMAEEWEE, XIX, 2008.03

FERE THANEDIEENIIEF ITFE-> T2V O iS4 TV 5[Masuda, 2007; Miyahara, 2007,
ZORERIIM AT LTS 2T — YA 7NV OERD IR BRI DA e AR U 2, F7220064- 1214,
Stuiver(1988) HIZ LA K BEIE BN/ N DR G I EIC L D~ & — B ({80 R B B L O 28
—F— B Rk I 1 204E AR D) D 3 T~ v & — RIS - BCAT A/ NI oW CH BILED T
bk, 20071, AYCOILH ERYDSE — 21200 T al—_PA 7V REL > TWA R REM 23S
BEV), =V — i/ NLER T R RBIBON, TRODRERDDY 2T =Y A7V O DS
INIIDRIZ Lo TRRBTTREMENDHEE ZHND, LU, Lart—F /NI AYCOTE_EA3Y
FHEQAIBELFDBRESNTELT, TNETENLZ B I T2 L3 TERD -T2, AFTIIE
PR, L2 —F5—/ N (1346-1425)12 31T A1 CIRBE M E DS BAHE T3,

2. KEEIEEHEC

HIERR ST — R FHBRRO, — KT RS

400 | —~— Wolf XBE A —~Climax Neutron Maniter l*g 120

250 B R ‘: - 7 : ;* e o RIKDOHEAERCEIVECS IR FHBRE
o DREMEFICLY, B2 ilE LR 5,

am £ AN R S 0 g g st 2o chs, 20
4 250 : BT oo d BRI E R KR P OR TR
200 : i 0 B HTBILCIVEIDEHRRISICEHHO
50 fEEs | ] % L. KRG CROES I T IRFHB T
o0 EEREES Y RS ‘;5;;;3 . PR RICHES N LT h
S DL comEomEshs. AR O

S S e e %d; by * FIZIVERENA IR ThH S, —K
oo v e O TEREEOREIRE R
BICIVBESNS, HERITLBAA, &

1 2. ACBEER 43K b S ARZSEh (NGDC, SPDS) (T IO KB AR D b B B

RZERIRE L B2 T3, Z0H, KB 07
TG B A5 TE R RN B R AR 72 | BU
K IBTEB AT £ o\ BRI B RS H
MBI 5LV DB AR 9 (22), Li=A>T
FHRIC LA RSN B AR KBRS
LB AR, |
KEPOBERICL AP TFHBCIVER L, |
SRIHCIRIE B ITBIES N ICOT2D, P00

1405;&&@% (%o)
s

N= P y: N - -30 ) L 1 1 T ] \
13C02&(E6\éh‘ 1%}‘7 f;ﬁﬁﬁ}%@ﬁgk@of\ -1000 -500 0 500 1000 1500 2000
ﬁé‘%%’j@]%\ @ﬁi&lﬂrlml\iﬂ’béo :O)J:aL:LT Year BC/AD

FHBRIZIVERSNIHCO—FRDBIARE R

X 3. #3000 4> M0 P pEE i al.,
BEND, K3IZEEI000EDCIRELEIZ TR, X3, o TEFEZ BN Reimer et al., 2004)

—104—



HHEXFMEREENTHEERSEE, XIX, 200803

3. AEHIE

AREIIEREROBAECL
#30° ﬁﬁl:&o IR 722
DK T8 &ML,
DBAKIZI995F TSN
DTHH(K4), ZORARE DK
SHEIIBomb effect DB E B LN
FERERIBEICIVRES LTS,
VEZ LICHIBEL -0 D, AAA
AR s X ONHRIE SR A N AL
ko a—20 L 5L, B
BHFGATA DR CEE{LIRFE
OB ST AMES . 4 X4, AREICEHER L-BAK Hlh 712 4)

RIS 7 N MR E BRI EHC L CIRIEDRE ST,

4. BIERER

AAEE T, 20T —<ZELUTEH3EIORIEN Thiv, HFERI LICHESNZT L 3 a—F — 5
(1346-1425)Z >\ THIER B2 X557, JIER BiXintCalodd L L IRV MEE R L=, LAl
IOIHREEIIINETCICHL YT Y a5/ A ORI BIC BV THEN TV,

(a) (b)
A1@8 o268 Y |- J——1 - SEDT—42  « DWIOT—4 —INTCALO4
10 r +
5 20
0 Y
\\\ ) | ‘ —_ 10
-, -5 E dob £
%-10 P (I0h \¥\\ z_'"/' i } l 0
s E Uy ORI o
< ﬁ# al g o o
-5 T i T] Y
- el -10
B S
-25 1 i -20
30 . \ . . . R N . H 11
1340 1350 1360 1370 1380 1390 1400 t410 1420 1430 -30 T | L L i

Year AD i
1340 440 Yeat" 5}49 1640 1740

B45. (a) 2007 HERERER, O IEROT —FBLOKRFET —F

ZOT —HEWROT —F G50 T, AN 21T o7 R R, 14004 BB 1I34ERE DR HIE B2
BoN-, LhL, ZOEBIFEEORESD LI SNDIEHEE LU TR ELR,

ZICEAIX, SBORECHEBRERE2EBIDICNELRBEREGEEDORE)EZ T Il —Ts
NZFVRIEL o1, 2O R, ERREICEREEIC L ABELMZ TEET —Z2/E0 . TORH
FRET 24T 9 LD TRZ10, 000E1TV, ZDORRMH SN DEEOREZ S ZABELII L VI HOT

—105—



BEEARFMEREENNGEEREE, XIX, 2008.03

HD, BRIIK6D L D icieoT-, HEIHBONDIE
B, B E BIRBIC T AR EOREITH D,
KEBEED I FERYTHH L 2 U —_Y A JLIZD
W RBRBRIZ X D CAERRN L REF OUEE
~OEBFIBOBEERBLZI0DDITED L&
T3 (Siegenthaler, 1980), =2 U—~#A 71
WL A2 FEHRBEOEMAN LN EBETHL LTS
& REFOREOEBFIB L L + [%RETH o :
HENWDH D LT, ~2 N I S R S
V3ial—valOfRENS, 20BEOEHEES 6 + 2 3 4 5 6 7 8
BREIL LS & L, BEOKE SIHRIEOL 5% RE/RE
POUSRE TR TRAELRVEND Z NSN3, 6. MHEEELBEEORE X
FZT, RRFOUCREEEOIRBH 1% IRE ThHHET
5L, 20 DIEFEEEBD-DIZITHIERRZEE1.5%DH2%FREEIZ I 2 7o TR DR, AREEFE D T
TERRZE3.5%0(RATARZEL.5%0, FERTRRZE2.6%)FRE THBILEE R DL, TOBREDREILYNTRE
LR TR B0, ZHTBRED RFERELHERFLI- 56, HatfB 252/ Rt EH6)Iz L7
TIRBRNWIEEEWR TS,

E¥EE(0)

b £ ¥

BAK BETI2ZE) 25 b T U3 aX—5 —Hi D 13464E- 1425 D80F 5 DRIE 21T - 72,

JE AT 2 AT o TG R BIEBRRIZEB W CI3FREOEPABH S-S ZDEEOFBEITEL .
BRTIIZEDEFEY 2TV —_P A 7NV EMETLIOEFE LY, SBREERESEZE 52D,
B A BEDOMEREICHEOT Z LI L > THIERERZBAEOYEREE THL 3 X o lllEn
VETHD,

2 BN

Hoyt, D. V. and Schatten, K.H. (1998)? Sol. Phys., 181, 491-512.

Siegenthaler, U. ,Heimann, M. and Oeschger, H. (1980), RADIOCARBON, 22, 177-191.

Stuiver, M. and Braziunas, T. F. (1988), Secular Solar and Geomagnetic Variations in the Last 10,000
Years, 245-266.

Stuiver, M. and Quay, P.D. (1980), SCIENCE, 207,11-19.

Reimer,P.]J. et al.(2004), RADIOCARBON, 46, 1029-1058.

Masuda (2007), Proc. 30th ICRC, paper icrc0952.

Miyahara (2007), Adv. Space Res. 40, 1060-1063.

iR (2007), A EBRERERBENIEH EL@mT.

—106—



AEEXRFMEREESGFERSESE, XIX, 200803

Measurement of carbon 14 content in tree ring

during the Pre-Spoerer minimum period

Kyohei Kitazawa®, Kentaro Nagaya®, Kimiaki Masuda®,
Toshio Nakamura®, Hiroko Miyahara®, Yasushi Muraki@

(a) Solar-Terrestrial Environment Laboratory, Nagoya University
Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan
Tel : +81-52-789-4320, Fax +81-52-789-4313

(b) Center for Chronological Research, Nagoya University

(¢) School of Science, Tokyo University

(d) Faculty of science and engineering, Konan University
Abstract

The sunspot number, which is a typical index of solar activity, shows a clear 11-year periodicity
called the Schwabe cycle. However, in the period around 1645 to 1715 AD the sunspots were
almost absent on the solar surface. This is considered to be due to extraordinary weakening of
solar activity and this period is called the Maunder minimum. We cannot know from the sunspot
record if the Schwabe cycle continued or not in the Maunder minimum. Also we cannot know the
periodicity of solar activity without sunspot observation as in pre-telescope era. So we use
carbon 14, which is one of cosmogenic nuclides as an indirect index of solar activity with inverse
correlation, in order to study 11-year periodicity during grand solar minima like the Maunder
minimum.

Stuiver classified grand solar minima into two types by duration of minima. The Maunder-type
minima have a duration of ~ 80yr whereas the Spoerer-type minima last ~ 120yr. We
previously measured carbon 14 content in Japanese tree for the Maunder minimum (the
Maunder type), the Spoerer minimum (the Spoerer type) and the 4t-century-BC minimum (the
Maunder type) and a periodicity of 14 yr was obtained for the Maunder-type minima. But we
have not finished measuring the carbon 14 content around a leading edge of the Spoerer
minimum.

This year we measured carbon 14 content in tree rings of 80 years for the pre-Spoerer minimum
(1346 to 1425 AD). As a result of frequency analysis we obtained a periodicity signal of 13yr, but
only with small significance. A limit of measurement error to get significant signal of 11-year

periodicity is discussed.
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Variation of solar activity from the Spoerer to the Maunder minima indicated by radiocarbon
content in tree-rings

H. Miyahara, K. Masuda, K. Nagaya, K. Kuwana, Y. Muraki, T. Nakamura
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(Pfoceedings)
Variation of solar "ll-year cycle" during the grand solar minimum in the 4th century BC by
measurement of 14C content in tree rings
K. Nagaya, K. Kitazawa, K. Masuda, Y. Muraki, H. Miyahara, T. Nakamura
30th Intern. Cosmic Ray Conf., July 2007, Merida, Mexico

Solar activity variation in grand solar minima deduced from cosmogenic radiocarbon
K. Masuda, K. Nagaya, K. Kitazawa, Y. Muraki, H. Miyahara, T. Nakamura
30th Intern. Cosmic Ray Conf., July 2007, Merida, Mexico
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