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Secular variation of cosmic rays in past ten million years using muon induced
radionuclide in deep underground granite rocks
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The research objective is to detect the secular variations in high-energy cosmic
rays, because the variations provide us an indication about movements of the earth in the galactic space
for the last ten million years. High-energy cosmic muons produce long-lived radioactive nuclides in deep
underground rock, such as Be-10 and Al-26, which have half-lives of 1.36x 106 yr and 7.2x 105 yr,
respectively. Therefore, the concentrations of Be-10 and Al-26 in the rocks provide us with an indication
of the long-term variations in high-energy cosmic rays over a few million years. We investigated the muon
induced Be-10 and Al-26 in the extracted silica from high-energy muon exposed Toki-granite core samples,
using Accelerator Mass Spectrometry. The behavior of production rates of muon induced nuclides was found

out for the granite core.

Be-10



B X C—19, F—19., Z—19 (GtaH)

1. MRS WO 5

(1) FHMBMOKFEZE L, BHEDHB
B 35 L OVFH RO ST RN OB CiAD
EIRAERFRNCEEREICER LT D, TR
D SRR & FH RO IR [ 1%
100 THEBZ DN TWDH, BE T
D A 25—V C OFH M L 25 8 o SR E
T XITE AL, FRIET R —
HAR DAL O FERIVFFRIT AR T H

o

o 4} N

(2) HIERDNE L T2 KB RIZERITR O A4
VAT —=HIZH Y, #H.OITR LT 250
km/s OFEFE ClEllE L TV R 2. 584 T 18
T5, 1E->T. 1 THFEOBITKEERITER
RORRDLMH DM AR L TWDH EE X
bivd,

(3) HI PR E CHEEAT DI 2 —F %24
T D —IRFEHBROT R NLF —IX 1 TeV 8
ZDM, DT —F T YRILKEMSG DS
BB <dDKRGE (100A0) L RKR&<725D,
TNz, mTFRLF—I 2 —F 0, R
DANRAL TNV T =L I Ty 7TENT
[AR-Y e e R L YAPN Z R ik
DT L HIERICAS L TAERKR LD
DTHD, £lo. Ty b TOFHBRBLIHID
5 10"V BREDOFHMIE, 7 — LI &
CEEOVWTEFRNTHD Z LMo T
= =
314, pp439, 2006) 75, 1 T HEED A7 —LiC
o> TERTHDIMNIRMTH D,

( Amenomori et al., Science

2. BFFEEDOBE
(1) 100 GeV Z X % = /L F —FHi R

Lo — A U FIRE O A I AR T D
W o A R A1-26(72 7
), Be-10(136 1 4) % I &5 B & 3 #r ik
(AMS) 2LV BELTC, @EL1THERD
BT RV X — T AR B K OV AR A X
7 MVOEBZOWTHERERTHZ EE2HW

ELTW5,

(2) 1EEANIER S 1 FHERNTA R
EEASEREY CEbN . LR A, 1T
TEOR], —EDORETHERIZ AR LT 2
FHMREBZ TR L TWD, ZOffaZi
FrE L TRZRAX = 2—F k04
RSN AR ORHEEZ TR D,

3. WD Fik

(1) HFEMmOEAREE LTHEDEL
GENRNTVWBIERAER—Y v 7 a7 BNiiE
Thd, LT oasEzmt LT, Akd
WCAEREIND I 2 —F U E R %2 JET
B2, LG A DS A XRF 34T
LD F~T,

(2) FHI a—F v LB5n & DOERIC
L0 AERSN DO REE RS-0,
CERN @ CONPAS B2 351F % 160GeV D I =
— AU — A nEERN L RIS
(& D IZHDW TR ST 21T > 72,

Target box
LM M08, BHNRS ‘
15t: 3058 (CLE8 D2 Beam

200: OB FRitho EANN

30d: 1208 W OFRROWE : !'a‘ ?
Granze fron = '
SO I

Granite micdle Granite end
i e e 9 G R
Beam 1
i

M1 =—FRE LTERE DRLE

(3) X =2—F RS L7 RlfERs DI
R o~ BN TE ATV IR RE TR O
FERFIE 2 ITE LT,

(4) X a—F MR Ulc Bl RE 1%,
SLRTRF TR AL A4 L C A1-26 B LY
Be—10 Do Hradh & 1R L T HEUR S MALT
AMS 12 & 0 o HrilE 24T - 72,



BEH 1 Ia—FrE—»5rT54 VIZBEINZLIKIE
a7y

4. WFFERR

(1) hlfERSE

R a— AU L bR T, S 2 —F
v OEER/NT RV F =P 1 TeV & 722 1000
mOEEETCOR—Y 7 a7t 7T
b5, LEERA T, 1 T HEICHERED
TELNIZZ ENRghoTEY, WmE1FH
FEOFEMEITHE B X O I 50T
o UM -, THEKRT: - BB %
RS | BFZEERE. 2004), 2072, HifE
A E 1 THEO”, KB B8R
WEBZ BV, HATFOFEHRERERE DL
EIZOW TR 2B E L THRETH D,

(2) R a—Fre—Lrg

TEFEAN 300 m 75 1000 m DRI H % 15 fHD
fEhaa 7T 7N a—F r E— LR
R Sz, GE 1 IFAERA OBLE O T
b5, JIa—F i sncitis = 7R
BHIEAEDS 64 mm, 15 HEETH I mTH D,

(3) ABR = —A Ui & AR R

Ni BRICS 2 —F 2R L TAH I 2 —F
HE NI BRICAERR SN D T o~ A
DERREOBIRZ T, Ni HRITFEREE C i
BNy 7 7T RPNV~ =0 LT~ iR
HERICE D HEEL T D, K2IFAN I 2 —
A BN D AR Co-56, Co-57, Cob8
DOREDOEFREZRLTEY, BV kOB

WD T LMD,

1 co-s8 — "

production (x10° atoms /g Ni)
8

the number of muons (x10')

B2 X =2 —F B AR OBR

B I 2 —F o —a% A X%, o
T RBORNIC NI BiaEx, BEER, Ni i
A2 R S AT RO MRS 0D R BE O3 AT & O R
SRE ORI RIS A A - T
— MZEVREBE L TN, M3 IEaI 2—
FUBRED 5 0 % NEF L TVD E—LE
ERLTWVD, ZOE—hH A XTAKES
1A 66 mm, IEE WS 114 mm THY . (L@
HRE A+ =L TN D,

K3Ia—Frbv—=ahAX

(3) T AER A DR

T RE NS AR AR LT, ZFoho
Be-10 38 LTV AL-26 % AMS (2 X 0 3ird % 7=
B, ABRAEFED X #oeFE oo LV RIE L
T LR DI A RO T, F 11Ty
PR TH Y | A AEERE OMAL & 1 XIEF
BRCThHoT-, MkEM -7 2 WV AFHEDNS



FHIZ30. TEE% TH-T,

RELRK Fl&lwt. %]
Sio, 75.74
ALO, 12.99
Fe,O, 1.48
CaO 0.96
Na,O 3.94
K,O 5.10

# 1 hSTERE OEYIMLR

(4) TehdE L7 3Bk o A R

B a—A ik 0 EREICERESND
KRR D35 A ORI % R D T2 OIS AE
L7 BB E VD CIRMEE CHlET S 2
EWEETHDL, DD, FAFIZI 2—
FATE VAR IS Na—22 1235 B L THRIK
Ry 7T REL~w= WH v~k
FHT X0 | FEMEE T RSE R R O BRI
ExEAT o1,

Na-22 (Z¥-J3H1% 2.6 D y AL CH
%o Na—22 [TIEREZIT D A RITIRAE K
D Si, Al WFEERFZ =5y b Elpo TAER
Ihd,

T
12107 4 ® Na22 in bulk granite
— =aleast squares fit of exponential function
- - cme:
102107 4
.
A s
<
S 80x10° . _--’ -+ ?
E -
< -
Ry 7’
2 eox10” ’
] 7
s ’
40x10" /
/
2010
T T T
0 500 1000

granite and target silica position(mm)

4fefiE v 7 REHCER S -
Na-22 7 a7 7 AL

4 FE RS S 7 BRI AR S T

Na-22 OEfAE DR S H ATk 5 ISR
ThbH, EREORE S E L HIT Na22 BEN
FRER IS HEIN LAY 500 mm CiEARfn L <
WD, I a—A O AR A TH 3 D
Whnch-oiz,

(5) AE[HE DD O Jehi

I Chemical treatment process of sample preparation

@ Hirosaki Univ.

Synthetic silica plate

Sliced granite core

Extracted silica

dissolution

oxidation

drying

Target SiO; plate

Crushing into
D<1lmm
I
Washing with
NHsOH/HNOz

Cleaning

Dry overnight

Clean SiOz sample

' !
E Be Al carrier spike E
1 i
'

Dissolved with D{ it
HE/HCIO, issolution

.
.
1 i
. .
ey wove SR

Be, Al mixture powder

Foommm---- boooo---- Be, Al separation
' Cation exchange
chromatography
T Be fraction

Al fraction

Precipitation washing |}
(Boron reduction)

Be(OH), and AICl,

Cathode press

Final preparation

| _ Setting to ion
|~ source for AMS

ERNIIAE A 2 e L TR AR L7



AMS WIEMR Y — REAET 2 TR 2D
HThd, fLRENSAEOHMEIL 27%0
5 30%DETH Y . XRF W THL N A
DEEX THD 30. IITIVVETH L, @il
EOAFER/MHENTWEEEZLRD,

(6) TEfEA2 B Lo A s oA pkks i
B 5 OF WV AUZAE A2 b S 7o
AR S U7z Be—10 DA AR TR DL [l i
DODESFHMCHT LTy hThDH, ARk
i FE VAR [ O R S 7 I HE AR B B L2 v
0L 300 mm YT T 0. 019 mb [ZEAFI L TV 5,
HWIEE X 2. 4 5 Th o T, EREHRIBIZIT
2 BEIES A0 X B RO ERIZ LE TR S0%FEE K &
W o

0.030

® Bel0 of granite core silica
= Bell of synthe
0.025- - - alesst saures fit

< 0.020 - _ ¢

cross section (mb}
Bl 2
. % a
HE
-

5 0015

0010 E

T T
500 1000

R STEmAREPD Be-10 EXEHEE TR 77 1)L

0.6 T T T T T T T T
05 | function
t };

%, } t
3 RS SLIEE

g .

5027 §

. %
014

T T T T T T T T
-200 0 200 400 600 800 1000 1200
granite and plate silica position (mm)

6TEHEREDDBe-10 A ERE O 771/l

B 6 O F VAT AC R b Al S 7o 5
HC AR S V72 AL-26 O A= AR i A O A fil i
DEIFANIHT LT vy hThHDH, AN
T FE 1AL [ E O R & 5 IR 5 B By (2 4
ML 300 mm 3T C 0. 39 mb (ZfAFIL TV D,

HINEEIL 3.6 5 Th o7, BRSBTS
B HEIRE A 1 XA R BT TA%FR R X

A
AE fi 25 1% 50 oD AE il T 1 R 0D B8 008 4 13 AE
HOBEBDI a—F L E—A X T DD

WEWTHDLar s V— 7 ay 7 ORE
MEZBLND,

W DORICBNTE 7 DEIE, &4, TEH
H5 D% 3 KO E W T2 A R JE I
AR S A7 Be—10 38 KON A1-26 O A2 Rl T i F
R LTS, ENbid, K&, AN
i L7 A I S 472 Be-10 B LY
Al-26 LIFIEF CHWrEfEZ <L TWD, 2D
T LG ATERETT OB DRI R
ERBIIELTNDZ ENmnol,

BN =t o GOl DAY o8 S5 ¥ (o E= Y e S
7% Be-10, A1-26 OARKEIL 0.3 m FLE £
TORIGICH HIEMEE (WEE) [TRES
NHZ N nnrol,

Be-10 1% = —A M Efs A Ol &
ERL CTHEMRI DD, FMET L BEHRDOES
\Z &2 Be-10 DARLWTHEAZIL 2 mb FREE /2D
T, X a—F K DERMmE LT O
#1100 43D 1 Th o7z, [FIEEIZ A1-26 (4L
BAEPOrAFLEOWmBITEL ARSI
P, IR LT 30 mb FREE DT,
IHEBLBLR100 SO 1 Thot-, BIb, 2=
— A LT OT L OMHEEH OE
MENTND,
TERAEICHT D I 2 —F N X D AERK E
FE77 5 Be—10 DAERLHIT 3. 8x10" atoms/g £
g/ a—F &b, ) 600 m REED L
1t a Bk o Be-10 B A% (4.1 £
3.7 )x10° atoms/g AFEER LTz, EHIH
O FHMRREIZT - ETHo T EIKET S
WM 2 — A IR (7.616.9 )x107°
R a—F v /en?/sec &0 HAEDIRE
2.2x107 T a—F v /cm?/sec LD KE W, &
%, REICKT 2 Be-10 I &2 M35 2 &
(2 & 0B E T OF R AL R
RLEIHBIA LN 25T,



5. ERRERLE

(WFFEEAE . WHIE5 3 M ORI 724 12

E 7Y
(MEsGm 30 (Bt
(FaFE] G

O FCARZR, BEHAUA, A,
RAE EEHE 11,
DR RF (R -

Vel b4

% in-situ FH#
4 2013/3/26.

HIKE )

@ ALARZR, BIFEUA, .

A in-situ FH
#4:2013/9/21,

AT

© ALARZR, BIFEUA, .

Vel k4

% in-situ FEHR

2. 2014/3/28,

IET) |

V)

7]

0 1)
5 1F)

Ta—F Uk

Ta—F Uik
RAREERE IV, HARYpEL
MR (FEE -

R a—F Tk
EREETE V. B AR E T
MHER T (PRI -

KLARZR, UL, ffh, 2000 4E7~5 14
R OF WAL Be-T OB, H
R4y 2014/3/28, (MRS (F
ZINEL -« )

Y. Kurebayashi, H. Sakurai, et. al..
Induced nuclide 10Be, 26Al1, and 22Na in
a granite core exposed by 160 GeV/c
muon, The 13th Int. Conf. on Accelerator
Mass Spectrometry . 2014/8/28 |
lAix-Marseille University-Montperrin

Campus (Aix en Provence * France) |

(XE) Gt ofh)

(PESEIA PEHE]
ORI (Gt

L
FHE
MERIA -
TS -
Fa
HFEFEH H -
ENA DR

ORARRIL (3
T

FE
HEFIZE :

0 4)

0 4)

FHELE -
&K
HFESEA A -
BAEHH B
E N DRI

(2 0fh)
R I

6. WFITHEA
(1) pFgefas

S AU (SAKURAT HIROHISA)
IR - BREEES - B
W8 5 60150265

(2) WFge o

JEPN  —FH (HORTUCHI KAZUHO)
SLRITRE: « BT SARFSERE - Bh#
WF7eE 25 1 00344614

(3) H N TR E

FAIG 52 (MATSUZAKT  HIROYUKI)
WHOKEE - A HE e - 0%
oeE %5 60313194

MR gL (DOSHITA NORTHIRO)
(LIRS - BREEED - Bh#k
WF7ed 25 90451658

Mg fnk (NAKASHIMA KAZUO)
(WK - BRERED - %
e85 70159060



