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il M H A study of solar activity at the Spoerer Minimum by high-accuracy

measurement of 14C content in annual tree rings using AMS

Continuous sunspot observations from the 17th century have revealed that
solar activity shows cyclic variation with period of 11 years (Schwabe cycle).
In addition, solar activity shows long—term variations and sometimes
experience periods of long—term sunspot disappearance (grand minima). One of
such events occurred around the late 17th century to the early 18th century.
This weakening in solar activity, called the Maunder Minimum (1645-1715),
caused decrease in global temperatures and brought famine and serious damage
to the society. It is therefore important to forecast the future event;
however, the detailed mechanism of grand minima is unclarified. To understand
the physical process of extreme weakening of solar activity, it is needed to
investigate the variation of solar activity at around the onset of such event.

Cosmogenic nuclides such as carbon-14 (**C) and beryllium—10 (**Be) are used
as proxies of solar variation in the past. Galactic cosmic rays with energies
less than several tens of GeV, comes into the earth’s atmosphere after being
modulated by solar magnetic field. Thus, the fluctuations of cosmic ray flux
on the earth reflect the variation of solar activity. C produced by the
nuclear reaction between cosmic rays and the Earth’s atmosphere diffuse in
the atmosphere in the form of CO; and is taken through trees by photosynthesis.
The variation of “C content in tree rings thus reflects the changes in cosmic
ray flux. Therefore, solar activity can be reconstructed by measuring “C
content of annual tree rings. Absolute age of each of the tree rings can be
determined by the dendrochronology.

Previous study suggested that the 11-year solar cycle had started lengthened
3 cycles before the onset of the Maunder Minimum, suggesting that the speed
of the meridional circulation in the Sun might have been changed staring
around the time. In order to understand the process of the grand minima and
the role of the meridional circulation in weakening solar activity, we
investigated the variation of the 1ll-year cycle before the onset of the
Spoerer Minimum (1416-1534 CE), the longest grand minimum during the past
1000 years, by measuring YU-AMS system with high precision. We used the
asunaro (7hujopsis dolabrata) samples which were excavated in the Shimokita
Peninsula Aomori Prefecture and were dated based on dendrochronology. In this
study, the 53 annual rings, corresponding to 1368-1420 CE, were measured for
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the YC contents. In order to obtain accurate C content in annual rings,
alpha—cellulose was extracted from each tree ring. The extracted cellulose
samples were graphitized by reduction with hydrogen and an iron powder
catalyst using the automated graphitization line. Then, we investigated the
detailed variation of Schwabe cycle by measuring the “C content with an
accuracy of less than 1.2 %o using the YU-AMS system. NIST and TAEA-C6 were
loaded at random position on a disk for standard samples to calculate A MC.
TAFA-C1 were loaded on a disk to check the background level of “C/¥C. To “C
achieve high precision, we loaded three cathodes for each cellulose sample
at random position on a disk. In addition, we attempted to improve the
accuracy by calculating § *C and correcting "C/'C to obtain AMC for each
run, Before the calculation, anomalies associated to discharge of accelerator
are removed.

Based on the high—precision AMC data, we investigated the variation of the
length of solar cycles. We found that the lengths of the three preceding
solar cycle before the onset of the Spoerer Minimum were 12, 13, and 17 years
(*1lyear). This result suggests that at least two preceding solar cycles were
lengthened by several years before the onset of the Spoerer Minimum. The
result is consistent with the tendency previously found for the Maunder
Minimum. The lengthened solar cycles suggest that the speed of meridional
circulation in the Sun may have been slowed down before the onset of the
Spoerer Minimum. Several models to explain the decreasing in solar activity
have been proposed, but our result suggests that the meridional circulation
is an important parameter for elucidating the mechanism of solar grand minima.




2

M DBEE MR AROMEROEE
T3 A S H 9 H

FAL

HTLZ2MHAEMNE K
REE LR EEZRR

¥E e L O N -

BE RE B\

A A B

BlE  BE _O0AT

AR L DBE R OBREHABROEREZ TREOEBOREL £,
it
R B - 4 HhER I 2R R H S - PR B K4 PO
2w om 5 InEaE BT EEE AW EinhxRE 4 IEBEOBHBENEICELS Y aX—F—f/nNio
" = KBEB OB
AN

R [ SA N i A g PN =A P w3 TH 20H~
FALER OB ARG R ek m X R®A®EHH SFI34E 8H 4H
XN o= SM344E 8H 4H| 5% it I o1 B
o a TN O s & BR44E A H SM344E 8H 4H

PR X DBREREROBEE (1,000 FRHE)

KIGIEENIK 1L FEORTEBL TWB Z&IIA, BTFULORMEZ#Z/RT, TOEHOHTHKEGRMAN
BAEL BTz o T U KRB IR R 9 RS 5 Z EMHSNTH O, KEEEE/N SN T
W5, B/NIEHIRICE S TR 2 5CHOEIRE T2 5725 L, BUEONEROBOZ 5 Lz, ZDX D kN
IS, BEFEICIERETAZENHHLTEZTRY, SBBFEETHa[EENEV, ULHLAENS, M/NNIFEAEDFE
LWAHZZAEDN > TB5T, ZOFRFHEIIMEL TETWARN, AR TR, RZFICHRE LN E RO
& (YU-AMS) 2 W, M/NIICAEE U-BARERICE TN KE 14 2 1 F£8IC 1L 2%2 FES S HE LX)V Ok
THIETSZEICED, INFETHETH > RKBIEBIO 11 EFHO 191 7)) &0 EME OB ETNThN
e

91 ETKBIEEIO AN XA, FHRE SR Z H W2BEO KRB B E R 2R, BERERICE X
NBHERF U ZRADNTKBETO 1 ERYZETT OO FHEERETREFEEEZH SN L ETHNEZRR TN
%, %2 BT, KIBESEAMOLE EFRTICEENDRE 4 BEOKEEZHIROREFR I 2L —arE
TIWERWTEM L. AMS JEITRD 5 NSHEEEICOWTEHMENMTHO Nz, 6 3 FETILEE 1000 FERICFE LM
INIOHFTHRKFEBEDO Y 2 R—F— /N (1416-1534 4F) ICEHL., HHRETFIESTEF LAY A Ok
(1270~1450 48) ZWZeitkl & UCRINL, BEmRE 2 AIS O 2720 O 0E, )b o—2AHthE. 88
6757 7 SERRIE. AMS HIEDFE, SREMTAECONTHELIRLTWS, 4 =TI, YU-AMS Z2HNT
1. 2% LA T OXEE CTHIE Uz 7 A OB FEfnitkl Ok % 14 IBEHIE O RMBRE5N, KETEEIO 11 FEHIcONT
AR OENT NS, ZO/RER. ¥ aX—F—f/NBRtAaTO 11 FEANE. f/NYBRRD 3 Y1 7 )VEin 5 &Y
ANV hEs TRNEL BoTWEZ &, FEUA 7 NVOEINERKR 1T EICHENTWZATREENH 5 2 2R L
72o ZOREE, U —f/NE (1645~1T15 4F) DWW TORTMFEER CERZRLTBD., KBEOXNGET
HECHFFHEROEEIGENNEC TWergEZ RB Lz, 585 BT LOMZIZOWTHRIEEIN TN S,
AL THES NIRRT, EHEZOEG EHXNT TIBIHIN., EBRKFEICBVWTHREREN 2 INTVS,
X ERTETICHER SN, TORBIESEOKBIEEBOMIEORBICET S THENH TS, YUEHKOREILUES
Wz TnWaotEt %) BAmXE LU TakEtE Lk,

AFSCE. WFFEMEE IR I fR B F R ANCE D < FHEZILEDH D £/ A,

BEHBROKROEE

BARBRITANER X ONA 2O E U 10 3 O OEEFESR, G XN & 2% B BEE U 72 A WIFFE N ISR 95 40
DOESISEIT RV EML 7z, OHEFEXRTIE, HEOEREHNICHEE, AMFRICTK DR, T LU TEREIBREEN
AmERAYIC R S N, BRI R S Nz, HEERKR T 078 F MBI ERRITRE N 2D 2 &N TE . LA
b, BEOFAMNZFGTZOITHDBEMABMEIEMNZE L TND I EDPHRTE D, G &HE L.




	バインダー1
	17522104森谷透（和）
	差替2＜協議１（理学系）＞課程博士（９月修了予定）の学位論文審査関係について.pdf

	バインダー
	17522104森谷透（英）

	バインダー
	03学位論文の審査及び最終試験の結果の要旨





