ISSN 0385-2105

RESEARCH REPORT
OF
LABORATORY OF NUCLEAR SCIENCE
TOHOKU UNIVERSITY

(32 O =

15 % B 25

1982 12 H

TE P S B

T
i

=
RS

W % ® % of % 5



il TR ZE
1 [ BEHAAESSE | IKEFLEEANRCE 3 RBREER T ICEERE L oM ERES
Z|BLET,
2. AHEBHOB KL TREAE LTEEETE->THBO A,
BL, BHOEEND ZESCRBBRXOBREELL, »2VIESHLZRDLF
ISHNET .
3. AKEDB/I AL DT A XN 383 Research Report of Laboratory of

Nuclear Science, Tohoku University X(& Private Comunication & UTBIHY %

HEL, BEORKELZBIETIALTRS
4 FFHEIEBE6HELI12ACRTLET

R AEE

1. HXOERZAARKA0 FHEEBAKZEZEALTTFI V. AEGHUELROXBERS
Al EWAEE KX TR,

2. BIEXCEL 5, HA BR, XFEESR Journal of the Physical Society of
Japan D[ BFEOFE JKHE->TFS o

BICRDAIC OO THAERE FZ 0o
Eﬁ%‘céi@?: ;‘-_'U “/’\”X?) /f 5 l} 3k 77 :’““/“'y 7! :Z'{Zk) ?%Bbbb‘j()t?&()’d\

XFEERBETIEELTTFE o AL, XHPOXFESAUEARFALLTI2Y) v 7T
MAHETTOT, MMEUOTELS HAFBRIAKETANEXFLESRST LEDOIEEEZ L
TFE . EXDERBOFEE, 15 ) v I DHEEBELTEFE W,
3 RRORCRIKBEIEIN], [H2R JOLHSCBESENITTI, HRLTE
ANLL, #RXEROESOSTEEZALTRIE D, BL, 1,/ 3 UTOMRIZEERFIo
4 RECEOEBAENZFERICIEELTTFZ 0.
5. RRUEDHBEZENENIRICEED THEBOKRREBIC DT TFI .
6. EREIHIZ4A308&E10A31BETT, BRI TESGTRERBLTTFI,

liem=fEl -2 -1 HEFS 982

B A S B O AT R B R

[ ERAFF e S | s iR



BB R Y 1558 $£2%5 H K

[ RFEm
I—1 2C (e, n*)2B* (( 7MeV ) FEIEIREEDTIIE ( T ) vorvreerrersmrmreraiiniuens 191
CEBRgh, BEE* )
B IEC, feak B, EID M, AR K
P Y, EH R
[—2 BEXREBEBRICETEPSC (e, po ) SG:wererrereenes 198
CERBEpE, B, B vz —** | FETHIE *** )
Hebh BB, BE O EE, E#E BAY, fPHE E;
NS B=*™ | AR g
I1—3 %CuCe, p,) FABKEMCIKDE 2 B5 OMIE - - e 203
(BEE, By 2—*, BEIWE* )
W WA, YPEOB8, NG BT, K ER

IO e
O—1 F—=vr by ERMFICEE YY) Y4 CID) OBRBDEHH e 207
CHZEER )
PR EA, RN A, K B3
T —2 Extraction of Uranium by Emulsion Type of Liquid Membrane:------- 215
(E oD

HE &, &% B, &% 5
T—3 LINACKRIZ{ERBHEESLANARBS v 7T VT — v Ve 219
CERS2EpAay, RRBREE* ) '
B® 1, mE OB, K 55T Bk RnT

II— 4 Nondestructive Multielement Photon—-Activation Analysis of

(ES )
HHORE, BB AN, FARHE—ER



II—5 Elemental Abundances in Some Basaltic Rocks from the
Japan Arc and AdJAcent ATEa «--er--ssseessssiesssssiiiiiii 239
CERE e )
HH O RFE, HAR—E, F X =, ANl B
&F =BT
MT—6 Trace Element Behavior in Fractional Crystallization of
Jeju Alkaline Lavas, KOT@a «r-wrwrrsrrrmmes sttt 249
(B )
£ X E, FH RE, FAH
T~ 7 B KIUDRBRALEIIIIE oo rere s e 257
CHEB )
Al B—, HH RE, FAHR
D=8 T3 A TODSN OARFIIEEL - vvveeererreemmemresemmmeeeiaie s 265
(MBI D
BRI =—Ep
D~ 9 D ECHBIC I D RGN TR veevermre e 273
( T2EE B R D
BENR—RB

I hmEEE - PE s
M—1 150MeVEF/VAE—L APy T v~ (SSTROFERFLT R OHAEE - 281
(BB, BEL*, BH v 2—**)
EIL BB, 4% 0k, KEE ER, HP RRE
HFH WA, BHE E, BB R, & HE
WE L, FROR4E, | fdy, BE
—F &, S Ef, EE OBA*, Ik B
BiE HB, ER OEE
M—2 150 MeVEF/ LAL =L« AbLyFy—(SSTR) OBIERBAREFR oo 306
CRR BT D

o

HH WA, &% M, R AW, KM &
REE EWF, HR HE



m-3

m—4

150 MeV S TABIEBEE DBUFE -vvereerermrereeeeeeereemmmemensiesesesenenaensesesesesanens
CERBPE, #FM*, AFEL VKR )
BEH SRR, sF E, FROR4A, FL A
FAEEVSER, /NUHIESE, EWE HEE, EH BE
Bz HiR, BTHE ORA, EE ORBAY,
P.Harty **, M.N.Thompson **
ﬁjt14cm7 LA y}@l%ﬁ@?x R L P IRRPEE:
(EEEfR, sdeEbak T * )
JtE ®5, me B, KB K, BE LA
o JREE, & mE, g B



e + % 9 3B



HREOTRRE 5% $25 19824128 191

2Cle, z)"B*(TMeV) HIBIREEDOBHFF (1)

IR,
BIEC « 2« K
L — - /PR B
SRS [EH B

§$1. F
Wl T /sbhic?C (e, o4 ) RIGEBROMREZWME TS, MUT TR, TxAF—2RY
bR DWTORERUATIE, (7, 2t ) EEBT B2
2C(e, n" )RR TIBESE T, BREK B EERE, F—HRAE (0.95MeV IR
T RV ¥ — 4.6Me VY KERTERATobI, ThEhORBRE~D (7, =4 ) RIGHK
SEEBELGE Shico TADLDOMBRBO 2 vy — %) 7 ¢ — ZEERRE, 5 —BiRE
1", 2 THhh, M1, E2EBTHRINS, 45MeVIERLNAMIBREET 2™, 4-0ES
KEDLDT, #-TM2, MAEBBI L WEIE SN, Bl 2 Z B35 RISHs MimEAas
fil Cohen—Kurath D EHEB A A\ - DWIAFETI S HERINEL T 2 1% — 45
‘MeVﬂ)ét'!%ﬁEE‘@ﬁﬁTﬁbi giant —shell =model % M\ >/ Dubach-Haxton ®DW [ A&,
shell-model & % Singham DDW I AFHETE {HEREENR Y
SRIORE TIIEZ R T %L ¥ — TMe VAT & A &Y RER O SLERAED FFEHIEA &
Kigoteo (r, 2" ) OREPDRIGTHS (27, 1) OFERY THOLI 7 — BRI R A F— 2
NI IS PBORER T KL F — TMe VAT E — 7 AR BN 5, & DIEIREED 7 A
V3w I 7 a S RENPC ORI T 3 V¥ —f2Me VBRI R b 5 L2 Hh b, 2C
TIX X DRI T X V¥ —21~25Me V O FIIT IFHMEE FHELY L HBRIL EOEBRNHE 1
BERIBDOFIEDLH LTI > T b, FRCINNZED2C (e, e ) DERY T, 2Coltig
FLF —22-25Me VORI DhD £~ 7 BBl E hic, ZOHhT22.TMeVR Rbh5
MEEROBEES W L H8EO - 213, TOMRKETH 0 —rmode 17D KIA model®
KU'T.W. Donnelly ® p—h model® TL LB I hizo SED (7, z* ) RKIGEBRKR O
3o (a™, PDRALALPBORRK T XL F — TMeVOIIBREET, ILO%D R L,
2Co 22.TMeV®D 6—r mode E 1IC LB BIRREL T R L F — L, VKT A Vo3



192

v 7T Fa i REBTHLARERL D Do

§ 2. EBREMEHT

EBIT ALK IR 300Me VET V=
Ty 7 LB LNLBFHRYHWTTRD
Nico EBRAEIMOSIRY? LW
B, TITIREET 5.

Ery s LT, BEX 1564mg/cm? O"C
(graphite ) %\ 1o, MERHMEXRE T 5
fedbicHCe, ot ) EB S RKHCAT 5 7o
Z D HOEKE L UIBIRO LiH 2 FE#M
L CEDIFABRD & D% i, B2
#120mg/c’ TH 5,

EREFL, ARET IR VF—E. =
200MeV, ZODI /¥ —45f#aEI20.3
B Utco FAS A BIE FEET30°H 5 1507
F T2 & Lico

#1Ka, bicBEEMAE (6,)30° TH
EEht (e, zt) TRAVF—-AXT b
wRTo 8 1K(a), (DDEFIEE TR
BHUAT L,

(e, z")ARZ AL (r, 27 ) KR

(a) 3 3
250 0=30° 3 5
[ ~
— " "
= 200f x x
¥ fi++ g i
[ 1 1
S soF T*“H\ : :
a ' i
T N\‘\Iﬁi‘ :
¢ 100F !
o i
he)

o
o
T
-l
<
7
" —
—
-

3 36 37 38 38 40 4 42
Tr(MeV)

250

(b

~r

< 200H + o 37 E’
§c ’100— ‘ * + * g
Do ++ } )
®Is sof ABAN’ +*

-~

-

0
. . R R 1 A
35 36 37 38 39 40 4 42
Tn(MeV)

i

% 1®(a) 2C(e, z* MB*m 6,=30° THOIX
JWFE— AR P EIRT, RAROHED
JERITER < IR S W3R REB OB
HRTo ERCEVTIAXSZRK,

(b) (@R Lo Z 2 TIX, M<BpEIN
AR, EERER Ok T X
LFE— 4.5 MeV DFIBIT & L,

oA MR 218 5 B T b SR 2R Sl

5 2 B 2B 0 HECIRER & &5 — IR IRAR I B 3 % MR & In 2 & & o ) A & LART 07—
23 LHE LGRS, 6, =130 %R\ TLEAETHT — 2 3REOTHATHL T 5o
2B ¢ 4.5Me VDS AT b AEED el x Lizft, 6,=110°, 150° CHFY 07 —% L4 ED
BRCLVILHEMRR LN, ChMEMBEOARC LS ERbN S,

51 Ma)0EHIT, L FLIBRAEN 2B OEIE, FiE T XL ¥ — 45MeV KU TMe VICAFE
TLLEEL, FORELHE T A — 2 UTRD P2 BERBVT, *Cle, z7 ) DTF/LF
— 2y MU, FRERTRA RS MR T 4 v b LIKERTH 5o LB fo DIt L SR IRR



2C( ¥,1*)?B(gs.+1st)

o QHASHI'S DATA (E;=194.5 MeV )
o present data (Ey=198.5 MeV )

10

o= .

10

T T
F
—
—
wo-
o
-

do/dn( pb/sr)

01

193

FEBOEER D 4.5MeV D 2 D& Lickn
74 v FOKBREE IROLICRT, 72 OF
FHTE (3 —RFXA—=274 5 F)iT 1114,
BEC2—5 XA =27 49 b)TiE3.287
THD, TMe VIZEEWIERER H S & L1
HREDBERTHIENG 5, O AEE
WTCHENREN I =T A—27 4» PR
2—RNFA=2T 19 MefTols TORD
B1E 2Cle, z") THAALF—2ZART b

ANDI=RFGXA =BT 4y NRU2 —
INTGA—=BT 49 bD y2—1l,

zy — 1B
0, |3—STA—RT49MN2—3FA=BT 49 b
L \ | ] 1 30° 1.11 3.29
30 60 90 120 150 50° 2.38 4.35
6,_( deg) . 70° 1.62 2.77
H2M CBORERUH-BERES (r, S0 16 o
=t DBEBEDOFD , Shoda b3 DGR 130° 1'41 1'44
LAKBRCHONIMERE OB B2 091 11
CFBIEEEL BN D, ' :
2 DfERE 1 RICR T, =MV 15 120 125
AEBRTHI Y L1228 0 : /
L 2¢(n,¥)B*
IRNAF— TMeVDIIE L | LIFi —
FTOEBRTRWH ST, < 3
B & h B EORES | 12C(x, %
7)2B*D r — T XAF— R =
m
P ORRICE RS, BEIET <
e X h B B DR B O KGR B
o FOEFHEIRICTT o M - 35 5 R T
Womsit, (o), 1) KIS TRIC «(Mev)
B3N 2C(r, " )B*E2C(z-, r)2B* Tk 284

52 588 EBT (LUTHEI ¢
EELD)ELALgRELBABET
D, B/ TS (r, 27 ) D

<IN BIBOME &, D FhFEEE D B,
Kb 3 ADHEED (7, n% ) I XD HBOMLE
RUOBE*ERD T XrORHRIBZEDORE Y R
"j‘o ﬁ%b:ﬁh‘fﬁizkj(ﬁpﬁo



194

RIEMAWEROK X ShEbT . B LEE N B B A
REBCHTE (27 1) DE—7OBEL, g ngxggl?”M“’
(r, o*) ORIGHESBHEEDO K E IH—K i —— TWDonnelly 24.9MeV state
TR, oSO S ERBE ST 10£ Ve cont. Ops 1) |
Bo COBYLDABHC, BURBOBDR | +
BREE, (7, 2 )RO (n, 1) TE— 8 ¢
HLTHH, ELORGOEREARB S b 3 m?//%\?\\ * 7 7
T 3o XZOHERIGI L5 E =27 ORI g

5, SEH Hick TMeVICIEBRE S 5 E i L_,
L Lo E MRS BN Do 01e ]

HE9L 45 TMeV OIBRED (7, =) -
RSB WO a5 Ak 5 4 BRICRTo A -
BAERHTA X <, BN CHEHFR S 3060 90 120 150

6. (deg)

firmdo 0, =150° TOMETEIEED LR
CTEZ BRATW Do #5K 2C(r, 2" )?B*(TMeV) DAL T D
KB E & BRMITRER & O i, BT
=1, Donnelly ® p—h model & FH ik
§ 3 EBRUTLESD ¥4 F, DWIAFEATT -1
S LG LW EBOBRE T R ¥ — TMeV OFBREO T A V3 o 7T Fu KR
i, PCofpE T x L F¥-—f2MeVIRR LR 5 ELE 2 bbb, WHFEY &, HHEHT
Fite >1-2C (e, e ) DEBRMNL, T /1% — 22.7TMeVIZ, o—t mode E 1 B HFF
FET 5 Lo R, IO X ofE S ?Cle, e ) ORBABRNT O %
VF =AY PV ERT, g DfEi 0.75, 0.84, 1.04, 1.22 K U*1.56 fm D5 MTCHDo
MehoferEi, °C(r, =" )2B* KIGTH < e X h 53RO E L HHEEDOK & S 2E b T,
AEBRTIE, LEO5HED gk, ThERASADA8, 64°, 76°, 96° RV 150° IKHIES S o
IOk, FREFROAETOMEREIL, 150° %R\ TERMERHFE L TRD 1o B DX
XXPMBEOS X TEDT FOB, (7, ') WEKOMES L, EFBELOBRET O
BREEA & % B L3 35 BT, KTk, ¢=0.75 fm™ TOPBDOEERED (7, =)
WEEOK X X4 RTHEOS SN, AL ¢ TOBTFHED 15.11Me VO L= DEHIIFL
< Te DRRC BRI Lico
2R hEE T xR F — T MeV OFEI8(3, 2C DT * L+ —22.7MeV DI & TR /LF — [T



q=0.75F" 15
110

15

q=084F" 115
[ JJﬂJHJ {10
g

q=1.04F" 15
4 1 o
NI “

g=122F" TR |-
IRV

(R

q=156F" | R
. o o

l 5

B3 25 20 15

H4X

EXCITATION ENERGY w (MeV)

2C(e, e ) OBRHET&, 2C(r,
) THR S iR X NS IR ALE &5
B o s, Mo ER1REFREEAR
HWFE2EDHT, BET R /LF— 151
MeV, 16.1MeV, 19.5MeV K 122MeV
CHHREET, (r, n7)) T L BHIES
#£bd, FORBIANER, Kb
BRI, 2C(r, zt)2B*(TMeV )
DOWHEBEARD LD E - BTH
WA RT,

(107 MeV )

Iw'r(q-“’)l

195

<, FLRBL AT, 22.7MeV ff
ETE, Tov—7 P ik s
N B IIBRABIT 7oL FIZ 22.7MeV O
R, INDFoHEK T, ALY
RERMOEBILLLLDTHY (1, %)
RIETh, £07F 07 RABIT# < Bk
Sns LKL, ChbDHEND
"B T ¥ - TMeV LA BA
ToHRRRE &, 2C o 22.TMe VIZRS
NAFIBRREL, BT M4 vy y
IT7rn s kREELEL RS, T
TIO%EA 22.TMe V D3EIBR BT 5
B RAF % BSR4 5 1
DI, KT — 22 L 5%
BB Y VT, PBo TMeV D3LIE
DGO HBE AL Lo
BARDORRIL, ROBBHE & LT
Donnelly o J*=1", T=1, Ex=24.9MeV
DY D% (7, z* )DE BB
A5 ODWIAFBERERTH 5o £
#iElE CGLN' % it o 7 PRl i
T DEDOKERT Vv v MIIFSMC
21 B A o 1o AL AAEAOR T

BHORHHRIN TS, L LEAROEIIZE 1 BBLET T Ho3tBitky, thos®E

BEA L OBBLAE I TWARREENE L bR S,

KPF% 13 Continuum— Shell —Model %A\ CT2C(z7, 7)?B* D y —R T F /L ¥ — 2~

JbARFHEL, TMeVOIRBITIM?2, E1CLALDTHAERR LI 2C(x™, 77
RIS g = 0.60 fm~ T, OffiE 2C Cr 7)) TRAINCHRIET Do # T TMeV
DIBOAGTHHBFCRISTT, E1TTFHRINZMBELORELER > TW5 D i, KFE
DIHFEEE, WLE 1 AOHEDRAEL 5T EFEL L



196

SEIDMIT T EEBBEN LOFE (7 +4y = 2"+ 0+, AV BEBE IR Tt
C DB X5 TR, PBohlFHRHOBIE (3.4MeV ) O L E 5, Fihi 0
BRIl WERD A RS MR EED L Bbh b, o THIEIN DAY bARS, Z OB
ARG MOEEREbhAETH D, L, BEH T, LoPEBORBIICRHIEIL LD
Ll MinZEN 3, 720 I HRAEFARAVT, RVFHEY LTV 55, L hiE L,
2B ) 4.5MeV ORI % Kb HBIC & W A B HBER) DKL, M0 L HkE LT
%o WEEHBR LD PR TREOKEE Y, TOMH LR )EH TERTIUT S L,
HEDKE XL, TMeVOMEELRDLHEE, 45MeVOBEDH 215 L7ho #€-T
Min 2D % 5E THIE, TMe V OB % KD HBRIC & & h 5 ¥ H Bk D LOF 5135920
%Et Do XEDHGOMERFNT, MOEREFIATLRY, NhEvLBbhbo HEX
X Mainz Tl b e EBRERD) TH 5o EBIL 280MeVOETHRAM L 2C e, z* ) K
BT, CORISTELN 2EE T 3 ¥ —30.25MeVDEL k¥ — z hF 2, DM
SREPE LTS, AFET T RLF -

280MeVICR L, EEx x/v¥F — 30.25 ")
MeV ® = FREIFIX, TOXEHHEHH Eizggg;::v

BRCKD EEZ DD, R’ - TH 6 Kic
Tt BHEBENDOFEIT, KER
AEREEEECTWEEDbR S,
UExEEDD, 2C(r, z* )?B* B
TEBORRE T 2 V¥ — TMeV A RS

:

(107%%cm?/ sr-MeV)
>
*\
-
&
-~
L 2
O
1

d’o

dErdanrn
\\\<\

N D ILIERARIT, PC oD 22.TMeVILH S 17

—_
T

DOIEOTA VA 7T FuREER
bhbe LBL2C(r, 25 )2B*(TMeV)

DEBANLE 1 BB TIPS, 5 o e 80 T 140

DERB LR > T 5 ATREMED H 5o HIC Bx(deg)

St VTR AN 00 R & 00 Heht A HoR AHBEFrL¥—280MeV I
%, BT %L ¥ —30.256Me V ORE

Thho X, TMeVOWHE~DOHEHH x I O A BT BT A3 Ao &
BB 35 O B, X a0 oL

5 §’; L‘E , 7 D Eﬁ *L5o gﬁ?aﬁﬁﬁiﬁi, 7 I/Vi 7?%
LERORDH, BLLER, SROR bk BHERRTH o BEX

HRETH 5o BR1D X D ERE



e % X K

B IERS o framsr (1981 ).
BIEC - R (1979).

0oz R 0 34 2 = » Y X X

. Shoda, H.Ohashi and K. Nakahara : Nucl. Phys. A350 ( 1980 ) 377.
.Min et al.: Phys.Rev. Lett. 44 (1980 ) 1384.

. Truel : Nucl. Phys. A335 (1980 ) 55.

. Yamaguchi et a/.: Phys. Rev. €3 (1971 ) 1750.

. Ahrens et al. : Nucl. Phys. A251 (1975)479.

. Kamimura, K. Ikeda and A.Arima : .Nucl . Phys. A95‘( 1967 ) 129.
.W. Donnelly : Phys.Rev.C1 (1970 ) 833.

.F.Chew et al.: Phys. Rev. 106 ( 1957 ) 1345.

. Stricker, H.McManus and J.A.Carr : Phys.Rev.C22 (1980 ) 2043.
. Ohtsuka and H. Ohtsubo : Prog. Theo. Phys. 64 (1980 )2128.

. Jennewein and B. Schoch : Z. Phys. A292 (1979) 27.

197



198 KETEHE FisE F25 19824124

B ARSI FRIR I B 1 5 *Sce, py) KL

BEET, HaER, Bz -
ki
b BB FHRAE - RILAY
JRB RE e HEF OB - HEREAT
SEHEET IR RES - AR

§$1. F
(e, po) FIGOBCHERLETF AT LI L > TESEREBICH T2 LD

AER R ET A LN TED, SO ERFIFLT, “NCe, do ), ®Cule, po IR &L
WE 1 BB, E 2BBRS 55 WIE 0 BERS BRDL ATV 50

CCTI, BT -1%Sc (e, py ) RISAESMMEERMOE | EBBES, E 288
SHhRDI-OTHRET 5o

§2 EBREH
LR T CH 1 ERE T, EAE R 1000 ) F A Ky 7 Ry ) 2 v R

B~ N KB AR b oA — 2 =% s THTOTRAF - AT b7 LERWEL
12o

FEEIE TIL, TR ¥ REE 1.5 %, WBE T R ¥ —14MeVH5H28MeV £ T 1 MeV &
L, B TREAEIEI46° L 138° I L L,

B =2y MIEX 10.0mg /onf, MIE 99.9 B0OCScE&BEL AL, BN T RIE AR AT
HOBEIABEFCRLL =7 » MAE30°, HBHOBET 120°L Lo

§ 3. (e, po) RICHEEDEL

B A E | R T (e, pIBISE (e, pi ) RGEEDT (e, po) BIELD
WILX BB TORAT I AF - ER™ (e, p, ) BIGL DB ShHB FOBRK T XV + —
REM L4 5L, B ZE, PEFXOBRICH BT k¥ — By R OB TS T Ce,
po VRIGE VI X h el T TH 5o

corLrn, CoTERTS Ce, po ) RISHEOWERE d o /d2ZER —E)™ > 4EDK



199

REDHHATXNVF—MAIELZHARD L HSCEDHZ LT By

do _(# _do

42 Jeus d0dE, 45
E’ =E;—Eth
E. =AHEF T RLF -
Ew = (e, pp) RIGLE\HE
ﬁE_f Ce, p)IRUEHBE W
By  =BBF T F—

HL, ThEhDERIEREROLOTHY, 4E130.98MeV & Li,

§ 4. BWAERBLIUER

OSc BT B LB Ca B F RO E2F W TH D, (e, po ) RIEHE A
WEBEELICETC LB FOMBAIIEH LRIGERS ZENTES, (e, po) itk
COXHSERDZEIVRIEDE | BB, E 2BBHES B TRIBAECS LA -
0, RIGDZENENDOBS ~OS BB I 5,

E 1#8%, E 28NS OBAENLRD T 3) -1,
WOWHEEdo /dR FRD L HIKEE TR 5,

%‘%'__OIWI (0)+02W2(0>+Cl/ 0109 le(ﬂ) (1)

B1H, B2HIE 1 B, E2BBRLLHFYE, H3HIE 1, E2BBMOFH LS
HFEERL T 56 BL, 0, 0 3ZThZhE 188, E2BBOANEIET LD LW
Bx, cTBOBOMMELRL T, T, Wy, Wy, Wl FhEnOBRS O HE RS
B OBMHEFRC L > TROONL, 15T, 01, 05 ¢ %R3T A= 2& L)X 2 EBRI{E
CaEbELsZEicky, (e, po) RIGHITHEEL E | BEES, E2BBRSKCS TS &0
T& 5o

BIK, B2RCdo/d2 DBEFRIFXNFY —BOAESHLRT, #lido/d2 %, &
BT RBREBRG T RIEAEYRT, $io, BRISESE O ERESY, B ERELR
LT3, FME1+E2, E1, E2R3RV2ERECAEDLELEORN), BXUF0H 1
H, H2HEOERRL T 5,



200

T T T T T T T T T T
Ee 14 MeV Ee 18 MeV

E1+E2

(nb/sr)
T
i
(nb/sr)
[e)]
T
1

% 2 — % 4L Bl —
£ £o)
o )
- — 2-— -
E2
n 1 1 L R i !
30 60 90 120~ 150 30 60 90 120 150
6p(degq.) Op(deg.)
T T T T T T T T T T
Ee 16 MeV Ee 20 MeV

E1+E2

(nb/sr)
N
T
|
(nb/sr)
[¢2]
T
!

E1+E2
E1 1
S 4 4 B .
pe) Ao
© o)
T e i 2 T
\/ 3}
L 1 1 1 1 1 i
30 60 90 120 150 30 60 90 120 150
8p(deg.) Op(deg.)

IR ERBRBERTD®Sc (e, py) KEHMISHERE (01 ), BANSEE DI ERA,
BRI HETEEZE, EHE | +E 23 FERECSDOELAR N, EHFE 1, E23Z0BD
KD 138, #E 2%, ‘



201

T T T T i i 1 T T T
Ee 22 MeV Ee 26 Mev
k }_EhE2+ & | i
n n
c E
= E1
S 2+ S 2+ .
3 t 3 | ELE2 }
E1 t
1+ 1+ i
¢
E2 E2
i —_— ] " 1 — 1 . 1
30 60 90 120 150 30 60 90 120 150
Op(deg.) Bp(deq.)
T T T T T #F2X %%5%?@“80(6, Po ) Y
o 28MeV STERE (0 2 ) o BA, MR X
UEHEL, E2, E1+E 2135 1
M&ME Lo
= K% ERECADRIBED 2 EIHHE 1
a1sr ~ AT BB, BTRIANE DT F DI
ELEo DhyENKE B BB & HULE
Sio- . } B h EREFR T RIS OB FALT 1 &
he)
© DY IANEFTFER L Cieh sfehb
Exbhb, B, BELRTORBBH#1T-C
0.5
[P Z) o
: BINKAEFRT V¥ —EDE 1 B,
E . 1 ' __1 ~ —_ N .
n— S B 2 BBES %R T BMIETRT 20
Op(deq.)

—E.THY, ZhiZ g -7y bEOFHT %

NWF—ExiICHY L, BB TO ST X V¥ — (RO REETFOR Y ) Ex=E, — 4E X 2/3
e BB B 5o BT 2WER TH D, BHIMTL DB OALME, KR FhicabE



202

n—Ly Vi a(Er?/{(E* —E})* + —— T
(ET)?}Thb. L, a 3HBOKE %
T/ A—4, EREFBOMEZED
T/RFTA A TCEREFRTANF-THbo
HIMLOKRDZ bbb bo

D Bohtfca— Ly YERE D, SBIHEE

Y BFHRE x-S Lz E 1w, 2 1
E 257 nF3n 0.533 ubMeV, 0.034 b
ﬂb°M6VVC‘\A&DE)o Lo+ p
2) E 1S iI#16MeV £ §520MeV IZ £7—
P, B DRARIMVICE B 2t |
Do
3) Bhht-on— LY Ylgly, HBEOM 18 57 L k . 30
F3E 185, E 288 FhEhl0MeV, Ee (Mev)
#13MeVThbo # 3K ®Sce, py) KIGKEBITBHE 1 &
. B, E 2BBRSG . RBIITMHTL
4) E2BBEF0oE— DNELBLTA YV nE LR ABETHEM4E-DOE 18
_ . N %, E 2 BR4lmEE, fThiRizth
— JH] )
A7 -BEFEXBNDo WREAT b D, EHE 1, E 213185
“Sc (e, e ) HDHWE (p, p’)DOEED ggﬁﬁ@ﬁfﬁﬁﬁbﬁtﬂ -y

etz , ¥Sc (e, po) RIGOBERTH
24Ca DEFHELERBRV I KT 2L, E—IOMBIRE 1, E2-bE—HT %,
Ll , %Q%@ﬂﬂi ( €, Po ) &m%%@*ﬁ%@ﬁﬁ’ﬁkfi V)ﬁaﬂo

& % X Lo
D EHERSA, SFEEH, JIRRY, BARY - REPTPTsEEHE 15 (1982 ) 50.
o) MW %, LEHER, mEHE, EEEE, IIRRY, BARS - BEURRS 14
(1981 )28.
3) H.Taneichi, H.Ueno, K.Shoda, Y.Kawazoe and T. Tsukamoto : Nucl.
Phys. A350 (1980) 157.
4) BB REPPseHRS 6 ( 1973 ) 1.



MEIZRHRE $15% %25  19824E12H 203

®Cule, py) i EKFHICHK 5 E 2 B DRKRGE

BER, B a7

eIl 7/0E
EHARE A« PEH R
AR B S AR

§1. & =

B[ 5] & T Ce, po ) RUGICING 2 AERFHESZ®Cu it 2L T, E1, E 2K
DOGMERTT 5Tco TORER, E 1D Ex= 16.4MeVICiE 7.4MeV R U Exy=20.4MeV
g 1.1MeV, E 25 Ex=14TMeVICIE 2.8MeV %Y, E 1HMANED 0.92%, 7
1VANT—E2KMMAMED 8.9 BH 55 2 Ehbh -1,

§ 2. ERRUER

ERITE S 9.6 mg/cnf, MEIBHLLED® Cu THALABBEHOBEF T4 F v 7 L 0B
Nl X F— 13.0MeV ~28.0Me VOETF L —L% IMeV F X i HEERNZCBE L, kil
SNnicsF R ARERERA NS br A — 20 AH B 507 1000 Si (LRSS
FCTHEGE Utco MEMEITRENLD 138 ET CILATHT 5 1o IREEDOMNI OF 1 i ¥ERLIT
1.344MeV e T, BHEBFORE T /¥ — X 0 1.344MeV K\ = 5 L ¥ —HiFIC K &
NEBFINI ORKEHEER DT L 55 2 L DK D o

BINK, 25 LTHELAEBETOZXVF - RT3 REEBTOAEKRENE O KBREER
HRT C Tk

V. )
o =Tia[ 1= Yem 1
T. . lab Vlab COSﬁ/l (1)

DRIGFR A VT, ERERD LELRICER L, BRKNICRG 5 <34 ¥ —HBEOMHIE 4
BEZEINRTW5,

BHORI T 72 €Y 0 OBE OBETRIC & 5 KT HH OB R0 FRIT S 2 i S h T
N, I kB &R

d .
d—;= sin? O¢.m. | Ci+Cy cosf¢ m I? | 2)



204

Ee=13.0MeV 16.0 Ep=12.0MeV 220
40 4or
20 . 20| L
M /\
—~ 0 - T -
o
@ 14.0 17.0 20.0 23.0
~
240 T 40k 4
C n
~ 2
z | £
= 20 =20 ¢
{

5 °
N G .
® 3
o 0 T n 0
o %)
O 15.0 18.0 Q 210 240

40 ’ © 4ob

[EN
20 201
){'—k\

30 60 90 120 150 30 60 90 120 %O
Ocm (degree)

Ee=25.0MeV 28.0

30 60 90 120 150

(nb/sr)

b
/.

CROSS SECTION

27.0

’

30 60 90 120 150
Ocm(degree)

30 6 90 120 150 % 60 90 120 150
Omidegree)

BN HAHEFT X LF N T LB
B ofEREE. ERIIFITRERIC
L% 2% 719 bOREE,

IziESE Lve 22 TIC PIZE 1 BBOM
B, |CPE 2 BB OME LT
5o

TR Zo@REAWT, BB TOMA
R R LTy 71 v b EAToTc0 2O
EBEAE 1K ER TR L, Bl hic
PofEx 2 XL, QRS EE T
HBHENZ Do

ZAECT 5%Cule, po ) RIGOBS
WITEIRE % 58 2 Iic R 47 #T#RIE Bk ki
KoTH LN R BELZREALLDTH 5o

%Ewmvfu,Ezmﬁgﬂﬁ<,El@ﬂ&&écaﬁm%éo%ﬁﬁwﬁﬁmﬁﬁn
BT, E20FENRAKE L hbidic, MOMEED ©— 27 ODAEN T EHhIOEDK X



205

40F 40

/Nf\{ 700 9 =100° 1300
/K A )
20k / \\W y V\\% 201 //‘ Y\ /}/(‘\"\\/‘\

=
=)

£~
=)
=
=)
T

(nb/sr)
3 =
>
-
/\ %;
\\\
=
=
<
// ®
(&)
(nh/sr)
S
&

CROSS SECTION

[7
r
CROSS SECTION
(=]

Lo /k\# 60° /H\l 900 © WO 1200
\
W
20k / \\ / ”\ 20 m
/ \

}\b.—,\‘ \.\ \\\_‘\\
0 P — e —
14 18 22 26 1% 18 2 26 14 8 22 26 1% 18 22 26
£, (MeV) Ee (MeV)

B2 HAECHTS (e, py) RUSOBS KK, HFTHITBHTRRO KRB
BREATEH Do

DHTRNF—DENTT~ABE LTS bbb, Zhid, E1EDO -7 L hfE, T
FNVF—DOFNCE 2O - Db b1 Thb,

1 RICR LIeFTRER % E 1R RO'E 2 B s 3 CTAEI DWW TS L, E 1RUE
2 O BT A TR CE S 1R A B 3MICR T, T v ¥ — Ex (38T Lic
TRF —HHEBOFEHEE LT, Ex=E,—0.9(MeV) & Lo

Zh BB LT

_ (ExI, )? - (Eyly )? ]
(E}—EZ)?+ (Ex',))? "' (EE—EL P+ (ExI',)? °F

(2)

oy

EnHn =LY YHERIC 7 4 v b LICKREFER TR Lico E 1 BIECKDBERL Ep =

16.4MeVICHE M= T.4MeV , Egp=20.4MeVICIEI,=1.1MeV %52, Eg, Erli *h ¥
NTAVALEYDEBBCEED T, T>SOERBBIEHIGL, TOTXNVF—£ AdE=40MeV
(X Fallieros b C L 23 HE 4E =60 (T, + 1)/A=4.2MeV LRV —HKE AT\ b, i,
Ep ROTOfEF Fultz 5 L5 (7, n) RIGOKER (E=16.TMeV, I'=6.9MeV) &%
BLW—8%E AT\ 5%, E 2K LBIEBEITIEDIE 328D Bk Er=14.TMeV, I'=2.8



206

(mb)
5

05t
3N
REFOH S E
ALTEBRKE (7,
Do ) NIGHTHRE, %
. : _ BITEREANTT 1
2 14 16 18 20 22 2% 26 v b LIckERo
E, (MeV)

CROSS SECTION

MeV & - Thbo CHIiTEx=6043=14.9MeVIEHBEENETAVANT—E 2EKRH
BICRHE LT\ B0 Ex=130A3=32MeVIEHbE INBTA VY Z—E 2 ERIHIKICON
T, SEOEROBHEMC HD, B bbb $71-E IROE 2 Bk 5 B Kbt

f”'l s (E1)dE=89(mb-MeV)
2.1

L.”l'l o 252) dE=4.1(ub/MeV)
T,Ch@ElﬁE@%ﬁﬂﬁme;Z
I 0.22 X Z2+ A5 =46 Cub/MeV) D 9 B bl bo

o LT, (e, po) RISKROAAEKEHANEL, BTT5ZLK-T, EI
ROE 2ROSENATTRE o0, BEKY ERRE~ETIH RIS, E 2RO

B LhEBTREND 2 EEHFET S & Lhtiki

=065 (MeV)D 0.9%i -0, E 2FIEOEM

& % X ik
1) B Af - EPPIEHRE 15 ( 1982 ) 50 .
2) H. Taneichi ef al. : Nucl.Phys. A350 (1980 ) 157.
3) D.M. Skopik et al. : Phys.Rev. €21 (1980) 1746.
4) S. Fallieros et al. : Phys. Lett. 19 (1965 ) 398.
5) S.C.Fultz et al. : Phys. Rev. 133 ( 1964 )B1149.



L. #

Gt

1t



B RE #15% 25 19824E12H 207

B—2 o b v —HE T REERALFITL B
Y Y v 4 (D) 5 Rl R S 4 H

L Srild e
RREA - HENAA - RES

§1. #

Bttt L — PR (HA D EHPHEMNT (S ) ZHAVLEBOBRBEMBC SWTL, B
EFTEHSOPEDREINTELY L L, RN T & L CTERAT 2 U B
T, ThirbOMEIFLN T b,

BRI OV TIE, Kassierer 57, X' Bhatti 5%, 2—5F /4L Y 740
T by (Htta) —spiE TR TR BT 5 B REBEMEIC DWW THE LT\ 5, Kassierer
Lik, EF L — b ETHRATFN L - 2TRIG LT 5 & LTRSS ERAERER L #%E LT
V553, Bhatti HIZ 10 I TRIET 5 & LTW50 Fhe, W S ing s mias 5oy ik
BICHEEd 2L, BIRGEIOSVCRERN T, PVAIFLT+ 274 4% F(TOPO)
REDRTHBEINDIHETE L B> T b,

DD X5, T EEAT 2 AW BRGRCT 28BS 57— 234, *
DRFRSREICILTL > Tuvisle APIETIE, HEBMIUHEELTY Y T ARBERL, BiEFL
— & LT, TF T+ b v (Hacac ), Htta, ¥ TERMATFE LT, 1, 10—72F

)

vbhbwayYv(phen), 2, 9—UAFn—1,10—-7Fv b (dmp ), 2, 2/—E LY
vy Cbpy ), WD DBERMFE L TEY Uy (py ) AW THRZEME &2\,
A INEE AL BE B % R D oo

§2. £ B

21 & OE

Bt b L= —1¥Tmid, 99.99 % Tm,0; ¥10mg * A EBH U, HiLARETF 51+
v ZIBWT, 30—60MeV HIBBRSHEABH L, ' Tm (7, n )'®*TmrIOBEE L1, Tm
(I B P, FS Lo Tm,0, % EM TR, ARRBEEL, 10 MBERMBER & Ls
Htta i, $falsEs FERIC X OBR L1, Hacac i, HRRAELY T v €= 7K CHEHK



208

Ve L, KRS b ATERE, REEE L, 7 0ok A, BREEL K THE
BERL, hoBBEET, BHECX DB L CER L, pHRABRKERRKE LT, ALY
> S VBBEW, HAHWIE, PIPES (ExF5Yv =N, N —ER (2T 2YANLKVER))
VWL, KELF M) AR R BET OREG L CHNpHIGREL, AV 7 7 =1, HoH L
i3, PIPESEEMNIP—102M &5 X5 AMICIMZ o 1 4 v EREEDX, MERRT Y
YARED, 0.1ICEEDLT. FOMOREIER DL L, BESIHRAEL A1,

2.2 # %

107 SMBcHE Tm (), 0.1 Mi@EsRM - b ) 7 4, }X0107°—107°M pH 5 5 F i i K
BEToKAI0ml &, BEMIEREDRENEF L — Nl & hEALT & & 1B BAH10m] 2 50m] &
LT 1 — SEFRIEE 5 L, BSOS L, W, D 3ml $oRBRE LD, Nal(TD
FERY v F L= g v HT VR —CHREEE R RIE L CHRE R RD oo Toks, BEAHEFPOR
EDOAF~DIE, BREENC & b 7o 5 AMFO pH OZE B Z A e 57, Tm MEKE N
2 BHIC, 205 — 1HERHRE 5 %4775 > Th b Tm MW E M2 fo Fio, phenidA B
B LI \Wicd, KERIZ o

pH S8 AL H IR DEEEIE, 10°M UL T CREBOMBCHE LN C L2 o Lol
F 7o, BT, A TR AT, MESFESBALL Tn 5 Z Rl LT,

§ 3. fhitighiROBRHT

3.1 EtEF L — FHIBMRICK
Bt L — hFIERC X A MP P ORI B A4 D, BT ORI L hERD SN Do

_ KpuBs (A7)? | "
1+ 3pn (A

LT Koy EMA; L — F OGEERR, Bn iEMA, F L — bOELEEER, (A7 IR
R L — MHIOBBRDOBRETH Lo

3.2 AR

BeME % L — bl & FRERLAT o FI e AR R I BV A 4Bl DIZEL T ORI L h&b
Ehkbo

=KD,MIB3[A_]3( 1+2ﬂs,m[8]§)n) (2)
1+2p8, (A7

ZIT, Bem TAIISEEAERER, (S) FHBHEBOPRRALTRE TS 50
1), @S (A7) DHELVWETRUTOXRAEI N Lo

Do

D



209

D _ m
D= 1+ Thum (S]] 3)

ZREOEITICE, ERAYARGEKE v 2 —, SAL SHRLSOBR LB/ FEHE
TR 5LV ATASALSIKE DT

§ 4 HREEER

4.1 Hacaclc &k 3

0.1 MHacac &8 UH BHEC X 5
Tm ) DR HER 25 1 KR, a

(A7), Hacac DFIEE, &I
RICB BB Ko B L O
BEE B K" 2 DEHEIC L DR 12,

BFHERE LDl T 5 e
B, ChZKMEFTTm M) & acac™ A
BREWE L TSl EFEL bR b,
(A7) DIEWEED DEBRE 51
A TTm (acac )*, Tm Cacac ), -5 " -3 2 1

TmCacac); DF L — bR&EFRKL, X loglacac™]

SCEEE A S E Tm (acac); OF % 1 Extraction of Tm () with 0.1M Hacac
¢ in various organic solvents. a :chloro-
V= P DER L THEEBEPT 550 form ; b:benzene ; ¢ :carbon tetrach-

EE % bR Tm (acac)s OE1 loride ; d:cyclohexane.
VFEFUV—- MOBEROWTRHUTERREL5K, 777 2=mTAVv=0L(TPA)A
FVRE->TI A v E N5 L K DHER Lo 0.1MHacac — 7 ma kL AR R
T, W0°M TPABD I THtE 2T s ek 2 A, log (A™) =— 1.8 DK THE I
DHII0P WKL, 14 vrEIRE 52 L i#LrD b,

U EDEENL, ¥ — FOREEER L FEEEE RO 51700, DRELUTOL S
Erplie

— C

log D/D,
I\

— KD,M,H3[A_]3
1+ 8, (AT )+ B, (A™ )2+ B, (A" )3+ B, (A7)

_ Kpum
1/ kikoks (AT 1/ ko (AT 1 /b (A" )+ 1+ £, (A)

D,

(4)



210

TRy Tm (acac )™ ¥ — MOBRREEEER TH D0

(R A I THER AR D TELNHEIE | ROERTH L, hBBRZEEERILS
aRALARCEWNTCERL, ZOMEERAWTIROR TCOSEHRE LY RO, i, @RT
by FETHIA KBRS TR &b TN IE L 105 12 by OIRFIERICIRD BRI -
feld, by, ks ZCERMEY & X —F Ll

85 R K DIE% 1 KR Lo Zh HOMER Tm () & Ak Hacack 1+
3% L— FRAERTS 3lOBBSECT M), Co (M acac ¥ L — h DSERE LI,
T~ Ty EFFECAEMEL o Tl Do CRRTPLSRORBOMRICL 5 b0 L%
2B, Crl), Colll)iEHZORMBIIRA6THY, ThbD MY ATHF AT £ hF
b L — NEERONEGEGTH S R TL S , —HEHRTROBHEL
FURB—U4 b b= MZEHE6, 7, 8EMIELD, FhERMK, —K, ZAKHY
F Lo b & LTHEES R XRBERIT R Sh T b, LA Tl Shicr -1 b
2T 2 5 F OABESL L ARIF L — &l o T B EEbR, F0fbich R~ 5

MEL - TWhWbEEXLLRD,

4.2 HttalCk3HH

Hita B3kt & 5 Tm ) OHHE 7L log
(A)stLTlog Dy % 7@ v b LI (552
X Do

Ry v FHR T Htta FIEE %107 Mh 5107
MIEZBLLTH oKD 7 e v MITIcA b
h b2l W, v a~Ft YR T Hita
FHEEDI0TIMDFHAN0PM L D E DK &
I oto THIZHEBMHO Hita 82 B A3 N
T5ERE-TTm(tta); F L — MicHtta

1og D,

-y 1 | |
PN Lo B self adduct 2T 57 -7 -51 : -? -4
ogltta™
DTHAHHEE2bh b, £ THtta § 2 £ : . B
# 2X Extraction of Tm(lll) with Htta
%1073M 3 T I THE ATk - s T A, in cyclohexane and benzene.
= . _ 3 Cyclohexane system : open sym-
107" MO & L A—oiik bic 7' » b Ehi bols ; benzene system : closed

symbols. Initial concentration

cem P10 2MELF T self
Eh b, Htta FIERE102MLEUF T sel of Hita A:10-M O 1 10°2M 5 [
adduct DEERLWZERbMD, TOHE 1073M.



211

BRI 57 vy M AWTER #1778 >0

FIRVEVREBWTHEZ 3OBERE hoTch, v a~F ¥ Vv RTIEROEEH 3
— 20 E T 5o ZHIEAHEFTCTmMI & tta” ARIGL, Tm(tta)?*, Tm(tta)i @
LI IND D EEL bR S, £ TR EUTO L S AR Ui,

_ Ko Bs (AP
1+5 [A_]_}'ﬂg[A_JZ

S BIHHER Kex 1 Kex = (Kpyan / Kayun)° KpuBa T 55 HIEIRILLL FD L 5107850

— Kex (KD,HA /Ka,HA )3
1+8, (A" )+4,(A)?

O &M THIER 2 RO L DIELH 2 FITR L,

Dy (5)

Dy (6)

4.3 BRzEME

Hacac - phen O FR%hFEhhH gz 5 6
53X, Htta — ZFERALFRAH 4 KX,
Htta - py f %% 5 KIK/R 95,

s 4
S
<
S sk
3
2 -
DO
< 2+
a a 1
3
1 0 |
-8 -7 -6 -5 -4 -3 -2
log[s]
0 | a4 L °
-7 -6 -5 -4 -3 -2 £ 4K Effect ofthe concentration of
loglphenl, ' - neutral bidentate ligands in the
organic phase on the synergistic
% 3 Effect of the concentration of extraction of Tm/(Il) with 107°M
phen in the organic phase on the Htta. Cyclohexane systems ; a :
synergistic extraction of Tm (Il) phen, pH3.8 ; b:bpy, pH3.9;
with 0.1M Hacac. a :cyclohexane, c:dmp, pH4.9. Benzene
pH 6.9 ; b : carbon tetrachloride, systems ; d : phen, pH3.5 ;e :
pH 6.5 ; ¢ : benzene, pH 6.1 ; d : bpy, pH3.2 ; f :dmp, pH4.5.

chloroform, pH 6.3.

B AR O B TS (S )y 120 RE RO AR B & BRI E Bk FIV TR L 712
R TR e A S DO T L E 1 OERE f D, B s e



212

b FUALFH LMD LA TmAS THDHZ &N
bhbe BERN T py RTE(S), DFEL
TR TIIE X 2 DEAR & 7o DRRE SR Tl
BgREIe > TR D, py H2 @AM LA Tm
(tta)s(py ), & 1AM LITm (ttad,

QOZ

S (py) PR LT B EEZ b b,

o

= FC T L 51, TmA, ¥ L— hdRfr

KEETHEEL DR, FHRATEC DK
5T &5k LT 8 BERLEIRI O A Dtk & e B
] ] ! TG BEERELLRETEEEbR A,

4 E -2 -1 BRI EERER S 15, $ 2RICR

loglpyl,
# 5K Effect of the concentration of ¥o

py in the organic phase on the Hacac 2Tk, Htta R LD A 3/h& <l
synergistic extraction of Tm () _
with 107®M Htta. a :cyclohexane, » dmp F 8B L O bpy R T BHREZDEITNI

pH5.3 ; b:benzene, pHb5.1.

% 1% Distribution constants of Tm(acac ); and adduct formation constants in
Tm () - Hacac -phen system.

Solvent log Kp,m log B,
Cyclohexane — 2.63 6.80
Carbon tetrachloride — 1.07 6.19
Benzene — 0.62 5.87
Chloroform ' 0.24 4.60

# 23 Extraction constants and adduct formation constants in Tm(II)-Htta

system.
Solvent log Keyx log Bs 1 log Bs,»
phen dmp bpy py py
Cyclohexane — 7.49 11.77 6.00 7.42 3.70 6.11
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Extraction of Uranium by Emulsion
Type of Liquid Membrane

Kenichi Akiba, Toshihiko Takahashi and Takuji Kanno

Research Institute of Mineral Dressing and Metallurgy
Tohoku University, Sendai 980, Japan

The extraction of uranium(VI) from dilute acidic solution has been studied
by means of a liquid membrane emulsion containing LIX 63 as a mobile carrier.
The rates of extraction increased with increase in carrier concentrations and the
external pH values, while they were slightly dependent on the internal acid con-
centrations. Uranium was effectively concentrated in the small encapsulated phase
of emulsion. The final concentration of uranium in the external phase dropped to

almost 107 of the initial value.

§ 1. Introduction

Separations of metals in liquid-liquid extraction can be achieved through
processes of extraction into the organic phase and stripping into the aqueous phase.
Considerable attention has been given to a new method of separation by means
of liquid membranes.!™ The (W/O/W ) type emulsion system consists of drop-
lets of the stripping solution enclosed in a thin film of a extractant and a disper-
sed aqueous solution. A metal ion in the external solution is expected to be selec-
tively concentrated into the internal solution across the liquid membrane.

The present paper deals with the extraction of uranium(VI) from a dilute
acidic solution by means of a liquid membrane emulsion containing LIX 63 as a

mobile carrier.

§ 2. Experimental

The membrane solution was composed of LIX 63 (Henkel ) in kerosene
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and 2% (w /v ) non-ionic surfactant, Span 80. It was vigorously stirred at
20,000 rpm by a homogenizer, with an equal volume of stripping solution of
sulfuric acid in a centrifuge tube. Five cubic centimeters of this (W/O ) emulsion
were mixed with 50 c¢cm® of the uranium solution (pH= 3 —5 ) containing *'U
as a tracer. The initial concentration of uranium was 107° mol dm™. After stirr-
ing at 300 rpm, an aliquot of the external solution was pipetted off for analysis
at selected time intervals. The uranium concentration was determined by measur-

ing the r—radioactivity of *"U with a Nal scintillation counter.

§ 3. Results and Discussion
The extraction equilibrium of uranium(VI) with LIX 63 CHR ) is represented

by 4)

K ;
UOZ*+ 2HR £X UO;R, + 2H* (1)

The extraction constants were obtained as logKe=—2.11 and —3.32 for 0.1 mol
dm™ perchlorate and sulfate media, respectively. From these results in the liquid-
liquid extraction system, it is possible to predict experimental conditions for the
liquid membrane method. )

Figure 1 shows the plots of logarithm of [UJ{/ [Ul,, the ratio of uranium
concentration at time ¢ to the initial value in the external aqueous phase. These
plots yielded a series of straight lines for different carrier concentations indicating

first order dependence of uranium concentration,

L) o ke ? (2)

In =g, = Fobs

The slopes of lines give the apparent rate constants, kss. Rapid decreases in

uranium concentrations correspond to effective extraction of uranium into the inter-

nal aqueous phase of emulsion.
The log kg values obtained from Fig. 1 were plotted against log C [LIX

631/ mol dm™ ) in the liquid membrane ; they were linear and exhibited a slope

of 0.6 as can be seen in Fig. 2.
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Fig. 1. Rate of uranium extraction Fig. 2. Effect of LIX 63 concentra-
by liquid membrane containing tion on the apparent rate constant
various concentrations of LIX 63. of uranium extraction.

[LIX 63]/mol dm®=2x10"2
(©), 102 (@), 5x107°(A),
2.5x 1073 (A), 1.25x107% ([
and 6.25x 10™ (M) ; pHext, aq=
4.25 ; pHint, aq= 2-48.

Figure 3 shows the effect of external pH values on the extraction rate.
Straight lines with slopes of about 1.3 were obtained at different acid concentra-
tions in the emulsion phase. As long as the internal acid concentrations are high
enough to strip uranium, it is evident that the extraction rates increase with the
external pH values.

Analogous plots of log 24 vs. pH of the internal solution were linear with
small negative slopes around — 0.2 as shown in Fig 4

The rates of extraction thus increased with increase in carrier concentrations
and external pH values, while the variation in internal acid concentrations had a
little effect on the ., values, and uranium could be effectively concentrated in the

small encapsulated phase in emulsion. The concentration ratio, [UJl,/[UJ,, was
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Fig. 3. Effect of pH of the external Fig. 4. Effect of pH of the internal
aqueous solution on the apparent aqueous solution on the apparent rate,
rate constant. constant.
PHint, 2q=0.93 (O), 2.38 (A) PHext, aq=4.58 (O), 4.05 (@) and
and 3.52 ([1). 3.03(A).
reduced to almost 1073,
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o
o

# 3 Elution curves for r— irradiated mixed crystals Cr(acac)s * Fe (dpm )3
and Cr(dpm); * Fe(acac)s; .

% 1% Percent yields of the products produced by the 2Cr (7, n)®Cr reaction

Products
Target
Cr(dpm ), Cr(acac)s; Column
Cr (dpm), e Fe Cacac ), 4.95 + 0.14 1.95 + 0.13 93.00 £ 1.72
Cr (Cacac )z *Fe (dpm); 3.85 + 0.24 1.25 + 0.19 94.90 + 3.43

HWEEEDOTLERE (Fe ) BHRAYE It >TW 5T Lhbh b

SRR L L TR UBR % 8ok 2 R T IR E TR 0 Bhtt T (5101 n/ cm® + sec)
CRIATA ARETRE L, S LIEREE 2RCRT, (n, 7)RIETE (7, n)RIEG
DOEE LT L DHFEEOPLEBERIIE TR I iebsl,

# 23 Percent yields of the products produced by the *Cr(n, 7) S'Cr reaction.
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Nondestructive Multielement Photon—
Activation Analysis of Rocks

Takeyoshi Yoshida, Hirokazu Fujimaki and Ken-ichiro Aoki

Institute of Mineralogy, Petrology and Economic Geology,
Tohoku University, Sendai 980, Japan

§ 1. Introduction

The determination of a number of constituents in rocks has been performed
by various analytical methods. Activation analysis is now frequently used as a
powerful tool for the determination of elements. The recent development of high-
resolution solid-state detectors and of computerized spectrometer systems has facili-
tated the determination of a number of elements simultaneously without any chemi-
cal separations. Thus, instrumental neutron-activation analysis has successfully
been applied to the measurement of the concentrations of many elements in geo-
logical materials.

In non-destructive thermal-neutron activation analysis, the number of the
elements determinable is limited due to the high *Na activity induced in rock
material and self-shielding is sometimes a serious problem. These difficulties, how-
ever, are not inherent in activation analysis by high-energy photons. Recently,
Kato and his associates have presented the discussion of the principles and merits
of nondestructive photon-activation analysis, together with the data of the analyses
of various silicate rocks and several biological materials."'™

For yttrium and zirconium, nondestructive analysis by thermal-neutron activa-
tion is generally not attainable, and is also not feasible for the determinations of
titanium, nickel and strontium. These elements, however, can be measured non-
destructively by photon activation analysis even at ppm levels?' and the present
method can be most advantageous.

Determinations of nine standard rocks (G—2, JG—1, SY—2, SY—3,
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GSP -1, AGV—1, JB—1, BCR—1 and MRG —1 ) for 19 elements ( Na, Mg,
Ca, Sc, Ti, Cr, Mn, Fe, Co, Ni, Zn, Rb, Sr, Y, Zr, Nb, Cs, Ba and Ce ) have

been made non-destructively by photon-activation with 30 MeV bremsstrahlung and
high-resolution gamma-ray spectrometry at the Institute of Petrology, Tohoku Uni-

versity.

§ 2. Experimental
2.1 Samples and standards

Rock samples were individually placed in small pieces of aluminium foil
weighing 27—28 mg and made into discs 10 mm in diameter with a thickness of
about 3 mm. The amount of the rock loaded varied in the range 350—400 mg.
The comparative multi-element standard ( MSTD ) was prepared by adding the
minor or trace elements to a basalt from Madara-shima, Saga Prefecture, which
was dried at 110 °C. The analytical samples and the comparative standards were
encapsulated into a silica tube and irradiated simultaneously. To assess the magni-
tude of interference nuclear reactions, some aluminum foil weighing 27—28 mg,
pure iron and potassium iodide were irradiated together with the samples.

2.2 Irradiation

The linear electron accelerator of Tohoku University was used as the brem-
sstrahlung source. On the basis of the previous study regarding the sensitivity and
interferences in photon-activation analysis®® , an electron energy of 30 MeV was
selected in the present work. The electron beam produced bremsstrahlung in a
platinum converter with a thickness of 2 mm located 10 ¢cm from the beam exit
window” . The average beam current in a typical operating condition was 100
#A at the position of the converter, measured by using a current monitor.

The silica tube containing the samples was placed in a water-cooled sample
holder on the breistrahlung beam axis immediately behind the photon-producing

converter for irradiation.

Irradiations were terminated in 2—3 hr.
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2.3 Counting and evaluation

The counting equipment consisted of a hyperpure germanium detector with
an active volume of 86 cm®, APTEC Model CS 20—B 31 R, and its associated
electronics coupled to a 4096—channel pulse-height analyzer made by Nippon
Atomic Industry Group Co., Ltd. (NAIG ), Japan. The counting system had a
resolution of 2.1 keV for the 1332 KeV gamma-line of ®Co. After irradiation,
the rock sample or the standard was mounted on the detector in a fixed position,
and counting was performed continually for increasing intervals over a period of
one month or longer.

All the counts recorded on the multi-channel pulse-height analyzer are trans-
ferred to a CLC—3 computer system (HP—45B ). The concentrations of each
element in the samples subjected to analysis were calculated by means of the
comparative method. A specific activity in terms of the peak areas for any speci-
fied gamma-rays from the comparative standards was used for calculating the
abundance of an element in question. In obtaining the full-energy peak areas, the
total peak counts were computed and the background contribution were subtracted
by the GAMMA1 program made by NAIG. Nuclidic assignment of the gamma-
rays was based on the list of the gamma-rays emitted by photon activation products
under comparable conditions previously reported and the nuclear data listed in the
Table of Isotopes® . Decay curve analyses were made to check for interferences.
The decay-corrected peak areas were then used to determine elemental abundances

in the rocks as compared to the multi-element standards.

§ 3. Results and discussion
3.1 Gamma-rays observed
Gamma-rays observed in the irradiated multi-element standards and sample
materials are listed in Table I in ascending order of their energies. Typical
gamina-ray spectra of a comparative standard (MSTD ) and JB—1 basalt measured
at comparable decay time are shown in Figs 1 — 2. The shapes and decay proper-

ties of the gamma-ray spectra of both the samples and the comparative standard



Table I. List of the gamma-rays observed.

Nuclide Gamyr{neak-]ray Process Nuclide Garr}krrelxa}—ray Process
67 93.3° %Zn (7, p) B7r 724 %Zr (r,n)
®Cr 116 *°Cr (r, 2n) 5 Th (#%Bi ) 727  Bg
Co 122 BNi(r, p) 52. 744 Fe (7, pn)
+%8Ni (7, n; ) 1257 754 2 (Cr,n)
SN 127 ®Ni(r, n) B7r 757  %Zr (7, n)
Co 136 *®Ni(r, p) ZAC 795 Bg
+%¥Ni (7, n; A") Ca 808 *®Ca(r, n)
9mT e 142 Mo (7, n; A7) %Co 811 *Co(r,n)
e 145  Ce (7, n) *Mn 835  Mn (7, n)
3¢ 159 ®Ti(r, p) *Co 847  *®Ni(r, pn)
+%Ca(r,n; B) *Mn 847  "Fe (r, p)
139Ce 166 Ce (7, n 208 860 Bg
2Fe 169 RFe (7, 2n) 8Rb 882 BRb (7, n)
8g¢ 175 “Ti(r, p) ¢ 889  *“"Ti(r,p)
"Cu 185 87Zn(r, p) 8y 898 8Y(r,n)
120mg, 197 215K (7, n) 897 909  %Zr (7, n)
28777 208 28U (r, n) 228 A ¢ 911 Bg
BK 219 “Ca(r, p) 92ZmN T 935 SNb (7, n)
gsmg 232 ®%Sr (r,n) 2Mn 935  *Fe (7, pn)
228Th (22ph) 239 B 22Th (8Ac) 970 Bg
135mp 268 1BBa (r, n) ®Se 984 ®TiCr, p)
4mg,. 271 ®Sc (r, n) 120m 1023 'Sh (7, n)
138mp 276 1344 (7, n) B3¢ 1037 OTi(r, p)
203 279 24Py (7, n) 8Rp 1077 ¥Rb (7, n)
2263, (214R]) 295 Bg 87n 1116 *®Zn(r, n)
SICr 320 *Cr (r,n) S 1121 “Ti(r, p)
228 338 Bg 12Cg 1136 138Cs (7, n)
228Ra (24Bi) 352 Bg “Se 1157 %Se (7, n)
43 373 “Ca (r, p) 2ZNa 1275 BNa (7, n)
87Tmg . 388 8Sr (r, n) YCa 1297 ®BCa(r,n)
87y 388 8y (r, 2n) 8S¢ 1312 OTi(r, p)
126] 389 ¥ (r,n) 18209 1318  '¥Cs (7, n)
43 397 “Ca(r, p) sy 1325 &Y (r, n)
69m 439 ™Zn(r,n) #Na 1369  *Mg (7, p)
182C g 465  3Cs (r,n) SN 1378  *Ni(r,n)
87 485 ®Y (r, 2n) 214Rj 1390 Bg
04 489  *®Ca(r,n) Mn 1434 *Fe (7, pn)
V arious 511 Annihilation 4?K 1460 Bg
8Rb 520 BRb (7, 2n) 42 1525 BCa(r, p)
8RY 530 SRb (7, 2n) 28Th (28T1) 1593 Bg
6271 548  *Zn(r, 2n) *Na 1732 ®Mg (7, p)
8RYH 553 ®Rb (7, 2n) YN 1757 BNi(r, n)
122G 564 BSH (7, n) 226Ra (*Bi) 1765 Bg
208 583 Bg 2ZNa 1786 BNa (7, n)
13 596 “Ca(r, p) Mn 1811 SThe (7, p)
226R, (214B) 609 Bg sy 1836  ¥Y(r, n)
BK 618 “Ca (r, p) 24Rj 1847 Bg
Ag 635 ™As (7, n) 8Rb 1897 &Rb (7, n)
126] 666  '¥I (r,n) *'Ni 1920 *Ni(r, n)
18204 668  ¥Cs (r, n>

Bg : Natural background



228

CHANNEL
15 day after irradiation. Counting time is 10000 s

g
5E
) — G ©
A®HEBE] LS S heeeRe -3
A®N2EB] - o= v
ASMSEB] Ss
ASNILLT fali=]
eIy — 3 o
() [}
>oxk2 K] ~0O | s
ASNZTET a ARNBSPT in
ASNTIET ) a o APHPEDT o
AoMgBE] =g ASMLEL
1S
AONPLZ] 0.8 ANZTET
ASNBEZ] S5 Aonseat
AONETT 0 8 ABPL2T S
ASHSET] S ~ g A®YBEZ] 8
® S « 8
AOHBZT] o oo AOB2T1T o
ARSI = ASMLLOT
APNSLO1 © APHBERT
A®NEDT T A®HEBS
ASHIEDT ) =R ASMSES S
ARNEBS LS S& A®HERE o
n wn © n
AOIPES Y A®XB68 N
A®MEAE o A®ME88
A®XB68 =l A®¥288
A@xEEB g 2o A®IZYB
AsN1B8 s 2 E A®HEEB 8
A®9¥E I8 2 Do Aewera |8
A®HPES g & <~ ]
§ £ © ASMITE o
AeNB1B o oy XS
APHGGL =% ABME2
ASMEGL2 = AGHGPS
Aedpes © Sl A®HbEL )
A®N299 B Q A®YBIS -
ASHMBES n o & AOIIES 2
A®NLSS S'3 ASMBES
ABNB2S e ABNIIS
ASMTIS w2 AoEEs
@; [e}e)
ASNYSY . ABMESE ]
ASHEBE | g o ASHBZE S
A®HMBBE a a e S
A@dDZE . g Aevgal
ASNBLZ B 2= A®M98T 6
I o<
ASNIZZ B 3= APMBIT B
ARMSBT 2 an ASMIPT 2
A®N9ST 9 ] 727 ARNZET 9 3
A®NBSI § rs » Q
n ARNEE1 § n
ASNSET ¥ pel=! ASNIBL b
AONZZT € ) ASNGE €
ARNSB 2 &0 ABNGL 2
AONEL 1 AoHES
E >
T T T S £ T T
() N - o I N - X
L N s § 8
oo
J3INNBHD/SLNNOD oS T3NNBHD /8 LNNOD
S
s
.- M
8.2

Fig. 2. Gamma ray spectrum of the JB—1 basalt irradiated with 30 MeV brems-

strabillung obtained at
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were essentially the same. In order to measure precisely photopeaks due to longer-

lived nuclides, counting has been made consecutively for increasing intervals over

Table 1. Pertinent nuclear data for photon-activation products

and effects of interference with 30 MeV bremsstrahlung.

Element Product Half Gamma-ray ggé%blf}me Competing Effect of
life wused, keV for meas- reaction interference
urement
Ca ®K 22.3h 373 1—2d *%Sc (7, 2p)®K Sc/Ca=17.2+ 10!
618 1—2d
“'Ca  4.536d 1297 10— 15d
Fe ¥Mn 2.579h 847 2—5h ®Mn(n, 7)*Mn Mn/Fe=2.8
Mg #Na 15.02h 1369 1—2d ?ZA1(,%He)*Na
ZIA1 (n, @)*Na Al/Mg=2.1+10?
%Na (n, 7)*Na Na/Mg=2.25+10?
Mn *Mn 312d 835 10d  5°Fe (7,pn)**Mn
%Fe (n,p)*Mn Fe/Mn=1.2 - 102
Na ®Na 2.602y 1275 10d  *Mg(r,pn)*®Na Mg/Na=17.7+10!
2"A1(r, an)®Na Al/Na=1.3+10°
Ti %Sc 83.80d 889 10d  ®V(, en)*Sc V/Ti =5.7 « 102
1121 10d
“Sc 3.424d 159 2—5h *®Ca(,n;f)¥YSc Ca/Ti=68
(after 136b)
Sty (7, a@)*'Sc V/Ti =2.4 « 10!
8S¢ 43.7h 984 2—3d V(r,*He)*®Sc
SV (7, pd)*Sc V/Ti=17-10°
Ba '®¥MBa 28.7h 268 1—2d 'Ce (7, an)*®™Ba (Ce/Ba=9-10%)
Ce 19Ce  137.2d 166 30—40d '*Pr (7,pn)'*Ce (Pr/Ce=2+10%)
Co %Co 70.8d 811 30—40d  ®Ni (7,pn)*®Co Ni/Co=17.2+ 10!
Cr SiCr  27.70d 320 10—15d4  5%Fe (7, an)®Cr Fe/Cr=1.6+10*
Cs '®Cs  6.47d 668 10—15d
Nb  ®™Nb 10.15d 935 10—15d  *Mo (7,pn)*?*™Nb
) ®Mo (7, p2n)**"Nb Mo/Nb=1.7 « 103
Ni SN i 36.0h 1378 2—134d
Rb  *Rb 32.9d 882 10—15d  %Sr (7, pn)*Rb Sr/Rb=1.1 - 10*
Sc “mge 2 44d 271 2—3d “Ti(r,pn)*™Sc Ti/Sc=1-10*
“Sc 3.93h 1157 2—5h  *Ti(r,pn)*Sc Ti/Sc=2-10*
Sr mgr  2.80h 388 2—5h ®Y(r,pn)¥™Sr Y/Sr=5.9« 102
Y sy 106.6d 898 10d  *°Zr (7, pn) %y Zr/Y=4.3 « 10?
Zn %Zn 244.1d 1116 . 10d
Zr 87r 78.4h 909 10—15d %Mo (7, an)®Zr

2Mo (7, 2pn)®Zr

Mo/Zr=2.3 « 10*

m: minutes, h : hours, d :days, y: years.
The data of effects of interference are from Kato et al® and Segebade et al? .
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a period of one month or longer. The elements identifiable in both the sample
and standard have been determined quantitatively. In selecting the peaks used for
quantitative measurement, the intensities, spectral interferences and peak-to-back-
ground ratios were taken into account. The other peaks from the same element
were normally used for confirmation. In Table I, the elements determinable by
this method are given together with the pertinent nuclear data, suitable decay
times for measurements and potential sources of interferences.

3.2 Interference problem

When the simultaneous determination of the elements in Table I are under-
taken, a number of competing reactions can also take place, and, even in the
energy region of 30 MeV bremsstrahlung, some of these contributions are serious
depending on the matrix of the sample. These inter-element interference problems
are demonstrated in Table I in which major competing reactions yielding the
nuclides identical to those used for abundance determinations are listed. In some
cases, neutron-induced reactions other than the photonuclear processes are the
major source of interferences. Corrections for the competing reactions, where
necessary, were made on the basis of the results of the previous work on the
magnitudes of potential interferences due to these reactions®® . The degrees of
their contributions were determined experimentally by irradiating each pure element
with 30 MeV bremsstrahlung. These effects of interferences are given in the last
column in Table II. They were expressed as a ratio of the weights of the elements
to produce the same amounts of nuclides under consideration. The values in paren-
theses are not experimentally obtained, but are estimated from the yield data as a
function of the atomic number®’ .

The spectral interferences caused by overlapping gamma-rays have been
studied with the aid of a list of prominent gamma-rays emitted by various products
from irradiation of each pure element with 30 MeV bremsstrahlung® . Most of
these problems could be solved by decay analyses of the counting data, when the
gamma-ray peaks given in Table I were selected. In certain instances, its contri-

bution was calculated and subtracted from the photopeak under consideration.
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Most of the interference due to overlapping gamma-rays could be minimized by
choosing proper decay times. Apart from the gamma-rays listed in Table I, sever-
al gamma-rays from additional elements were also observed, including the 279
keV peak of #*Pb, bbut these were not used for abundance determinations. The
279 keV peak of ?*®Pb could be observed clearly in the spectra of the comparative
standard at a decay time of 7 day ; bowever, in the spectra of the standard rocks
analvzed here at a comparable decay time, this peak was obscured, so that lead
could not be determined in any sample studied. It is difficult to define the detec-
tion limits since they depend on experimental conditions and the nature of the
matrix.

3. 3  Multielement determination

Some comments on the individual determinations are given below.

Ca : Calcium was determined either by the *Ca ( 7, p )®K or by the ®Ca
(7, n)¥Ca reaction. As reported by Kato et al.'', any of the 374 and 617 keV
peaks of K and the 1298 keV peak of *"Ca provided reliable calcium values.
Calcium results in this work (Tables M —IV ) are the average values obtained
from these three different peaks. The values obtained from these peaks fell within
the range from the mean of + 3% for all of the samples studied. For calcium,
the agreement of the results obtained from the separate peaks is satisfactory. Since
calcium is present at major levels in many of the igneous rocks, interferences from
trace species listed in Table I were negligibly small.

Fe : Iron was determined by the Fe ( 7, p )*Mn reaction. The 847 keV
peak of **Mn was used to determine the iron concentration, and the 1811 and
2114 keV peaks were used for confirmation. For iron, manganese interferes through
®Mn (n, 7 )®Mn reaction derived by neutrons produced in the target assembly.

A ratio of **Mn specific activities of 2.8 : 1 has been obtained by irradiating
known amounts of iron and manganese. Since manganese is present at minor levels
in most of the samples, the ®*Mn (n, 7 )*®Mn contributions to the total *Mn acti-
vities were found to be negligible.

Mg : The 1369 keV peak of *Na was used for the magnesium determination.
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Table Il Results of photon-activation analyses of standard rock samples.

G—2 JG-1 SY—2 SY-3 GSP-1 AGV—1 JB—1 BCR—1 MRG—1

wt., % .
CaO This work 2.02 224 795 7.90 202 494 937 6.62 14.55
Literature 1.94 2.17 8.00 826 2.02 491 9.33 6.98 14.72
Fe,0,* This work 2.94 230 6.44 7.39 4.17 6.68 862 1259 17.33
Literature 2.60 2.20 6.29 6.44 4.34 680 9.09 13.57 17.79
MgO This work 0.69 0.72 242 2.04 1.04 1.59 807 3.34 14.19
Literature 0.76 0.73 2.69 2.64 0.96 1.53 7.82 3.49 13.51
MnO This work 0.03 0.06 0.30 0.29 004 010 015 0.18 0.17
Literature 0.034 0.061 0.32 0.33 0.042 0.097 0.15 0.18 0.17
Na,O This work 4.28 3.42 4.21 395 282 440 275 323 0.63.
Literature 4.07 3.38 4.35 4.15 2.80 4.27 2.83 3.30 0.71
TiO, This work 0.50 0.27 0.12 0.13 0.66 1.05 1.31 2.13 3.71
Literature 0.50 0.27 0.15 0.15 0.66 1.04 1.35  2.22 315

ppm
Ba This work 1676 435 — — 1233 1357 - 770 —
Literature 1950 462 460 440 1360 1410 490 790 55
Ce This work 155 39 161 2134 423 68 64 49 25
Literature 150 43.2 210 2000 394 63 67.3 53.9 25
Co This work 5 4 10 11 7 16 41 37 91 -
Literature 5.5 6.4 10 12 6.4 14.1  39.1 38 87
Cr This work 9 53 — - 16 13 424 17 411
Literature 7 52.7 10 8 125 122 405 17.6 420
Cs This work 1.6 8.4 5.0 5.1 1.2 0.9 1.1 0.9 0.2
Literature 1.4 10.1 2.5 2.5 1.0 1.4 1.1 0.95 0.5
Nb This work 14 12 34 232 29 16 39 13 22
Literature 13.5 12 25 145 29 15 397 135 20
Ni This work 5 8 13 14 7 12 137 13 170
Literature 5.1 8.2 10 11 125 185 135 15.8 200
Rb This work 175 180 214 218 253 69 41 45 8
Literature 168 181.3 220 210 254 67 41.2 46.6 8
Sc This work 4 7 — — 9 12 31 37 49
Literature 3.7 7.0 7 11 7.1 134 28 33 48
Sr This work 460 173 291 294 236 655 430 3256 261
Literature 479 184.1 270 300 233 657 435.2 330 - 260
Y This work 11 33 140 710 30 23 24 39 13
Literature 12 30.8 130 740 30.4 21.3 21.9 37.1 20
Zn This work 72 42 203 256 90 104 89 — 223
Literature 85 40 250 250 98 84 84 120 185
Zr This work 361 152 297 340 607 234 133 186 103

Literature 300 111 270 340 500 225 153 190 100

— = not determined. Fe,O;* is total iron as Fe,Oj;.
Literature data from Flanagan'® for USGS rocks, Abbev''’ for SY—2, SY-3,
and MRG—1, and Ando et al.'? for JG—1 and JB—1.
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Table IV Resultsl of duplicate analyses of JB—1.

A B Average Lit.
A—-1 A-2 A-3 Average

wt., %
CaO 9.47 8.99 9.20 9.22 + 0.24 9.51 9.37 + 0.15 9.33
Fe,0;* 8.81 857 861 866+ 0.12 8.57 8.62 = 0.05 9.09
MgO 8.29 T7.73 T7.49 7.84 £ 0.40 8.29 8.07 £ 0.23 7.82
MnO 0.14 0.14 0.14 0.14 £ 0.00 0.15 0.15 = 0.01 0.15
Na,O  2.77 2.72 2.74 2.74 + 0.03 2.76 2.75 £ 0.01 2.83
TiO, .32 1.33 1.30 1.32 £ 0.02 1.29 1.31 £ 0.02 1.35
ppm
Ce 60 69 67 65 £ 5 63 64 + 1 67.3
Co 317 45 41 41 + 4 41 41 £ 0 39.1
Cr 427 434 426 429 = 4 419 424 £ 5 405
Cs .1 1.2 10 1.1 £ 0.1 1.5 1.3 +£0.2 1.1
Nb 39 38 39 39 £ 1 39 39 £ 0 39.7
Ni 132 147 141 140 = 8 133 137 £ 4 135
Rb 39 38 40 39 £ 1 42 41 £ 2 41.2
Sc 27 29 29 28 + 1 34 31 +3 28
Sr 435 427 436 433 £ 5 427 430 £ 3 435.2
Y 23 23 23 23+ 0 24 24 = 1 21.9
Zn 78 87 92 86 = 7 91 89 = 3 84
Zr 130 127 128 128 = 2 138 133 £ 5 153

A—1 to A—3 are data from the samples for simultaneous irradiation.
Fe,0;* is total iron as Fe,O,. Literature data from Ando et al.'? .

In this determination utilizing the ®*Mg ( 7, p )*Na reaction, aluminum interferes
through the reaction Al (n, @ )*Na. A separate irradiation of equal quantities
of magnesium and aluminium under identical conditions produced a ratio of ?*Na
specific activities of 206 : 1°). This interference is particularly serious for rocks
with a high Al /Mg ratio (granitic rocks ). The ?*Na activity produced by the
®Na (n, 7 )*Na reaction also contributes to the total *Na activity. The effects
of these interferences were corrected by using the value in Table I and the litera-
ture values for aluminium or aluminium contents determined gravimetrically.

Mn : The 835 keV peak of **Mn was used for the manganese determination.
In the determination of manganese by using this *Mn ( 7, n )*Mn reaction, the
major source of interference is from iron by the *Fe ( 7, pn )**Mn reaction. The

experimental results® showed that 1 mg of manganese corresponds to 120 mg of
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iron in terms of the production rate of **Mn under the present experimental con-
ditions. The manganese abundances were corrected for this contribution.

Na : Sodium can be determined by the ®Na ( 7, n )*Na reaction. The 1275
keV peak of 2Na could be accurately measured after longer decay times. In deter-
minations of sodium, severe interference was from magnesium through the Mg
( 7, pn )®Na reaction. The *Al ( 7, an )®Na contributions to the total 2ZNa
activity were very small.

Ti : For titanium, three different scandium isotopes, “Sc, **Sc and *Sc,
produced by ( 7, p ) reactions could be used for quantifications. The 160 keV
gamma-ray of “'Sc gives the highest full-energy photo-peak. In the titanium deter-
mination using ¥Sc, the ®V ( 7, @ )*Sc reaction is a possible source of interfe-
rence. From the value in Table I and the literature data for the content of vana-
dium, interference from vanadium is negligible. Although “’Sc can also be produced
by the B~ decay of “'Ca, interferences from its decay are not significant at short
decay times* . The three peaks of *Sc were also used for determinations. At
longer decay times, the 889 and 1121 keV peaks of 4%6Sc can also be used ( Table
o).

For titanium, the agreement of the results obtained from the separate peaks
is satisfactory. Any peak listed in Table I appears to be of reliable use for this
element.

Ba : Barium can be determined by measuring the 268 keV peak of '*™Ba.
The highest S /N ratio was obtained from the spectra 1 day after irradiation.

The practical sensitivity limit at £ 10 % relative accuracy under the present experi-
mental conditions can be set at 1000 ppm Ba?'.

Ce : Cerium was determined from the 166 keV peak of '*Ce. To rule out
the 160 keV peak of “’Sc, measurements were made 30 days or longer after irra-
diation.

Co : To eliminate the contribution By the 808 keV peak of *"Ca, measure-
ments of cobalt by the 811 keV peak were made 30—40 days after irradiation.

Cr : Chromium could be measured from 320 keV *'Cr peak produced by
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(7, n) reaction. Iron interferes through the *Fe ( 7, an )*Cr reaction, but
this contribution to the total *Cr activity was corrected by using the value in
Table II.

Cs : The 667 keV peak of '¥Cs was used for the cesium determination. In
this determination, iodine interferes through the spectral overlapping with the 667
keV peak of %I produced by the reaction '*1 ( 7, n )'*I. The effect of this inter-
ference could be estimated and subtracted from the combined photopeak by using
the ratio of the area under the 667 keV peak to that under the 389 keV peak of
6] which was obtained on irradiation of pqtassium iodide.

Nb : Niobium can be determined by measuring the 934 keV peak of ¥*™Nb,
but the spectral overlapping with the 934 keV peak of **Mn produced by the reac-
tion **Fe ( 7, pn )®Mn required a correction. The effect of this interference could
be estimated and subtracted from the combined photopeak by using the ratio of
the area under the 935 keV peak to that under the 1434 keV peak of ®Mn which
was obtained on irradiation of pure iron foil. The %Mo ( 7, pn )*™Nb reaction
is a possible source of interference in the determination of niobium by using the
934 keV ™Nb peak. However, this interfering contribution was negligible in view
of the ratio of ®*™Nb specific activities from niobium and molybdenium.

Ni : Nickel was determined from the 1378 keV peak of "Ni. The 127 or
1918 keV peak of ’Ni was used only for confirmation. For nickel, competing
reactions cannot occur energetically with 30 MeV bremsstrahlung activation.

Rb : Rubidium was determined by the 882 keV peak produced by the ®*Rb
(7, n)¥RDb reaction. In this determination of rubidium, the major source of
interference is from strontium by the *Sr ( 7, pn )*Rb reaction. The effects of
this interference, however, were very small in view of the ratio of ®Rb specific
activities from rubidium and strontium.

Sc : Scandium can be determined quantitatively either by measuring the 271
keV *™Sc peak or by the 1157 keV *Sc peak. The *™Sc activity coming from
titanium through the **Ti ( 7, pn )*™Sc reaction and the *Sc activity from the

%7 ( 7, pn )*Sc reaction cause interferences in the scandium determination®’ .
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The agreement of the two results corrected for these contributions is satisfactory.

Sr : Strontium can be determined by the ®Sr ( 7, n )ser reaction. The
388 keV peak of ¥™Sr could be measured accurately after a decay time of 2—5
hour. The ¥Y ( 7, pn )¥™Sr contributions to the total *™Sr activities were rela-
tively small. The *Zr( 7, @ )¥™Sr reaction is a possible source of interference.
Based on the experimental yield data for the ( 7, n) and (7, @ ) reactions
with 30 MeV bremsstrahlung, however, this contribution to the total ¥™Sr activity
was estimated to be less than 0.01 %2 .

Y : In the yttrium determination utilizing the ¥®Y ( 7, n )®Y reaction, zirco-
nium interferes through the reaction **Zr( 7, pn )®Y. The zirconium contribution
to the total ®Y activity was corrected by using the value in Table I and the con-
tent of zirconium. Both the 898 KeV and 1836 keV peaks of ¥Y were found to
produce precise values of yttrium concentration.

Zn : Zinc was measured at long decay times by the 1115 keV ®*Zn peak
rather than by the 185 keV 8’Cu peak, because of the higher peak-to-background
ratio. The spectral interference by the 1121 keV peak of *Sc to 1115 keV *Zn
peak was not severe in our counting system.

Zr : In the determination of zirconium by using the 909 keV peak of *7Zr,
interferences arising from. both spectral overlapping and competing reactions were
negligible.

3.4 Reliability

The results obtained for the standard rocks are listed in Table Il together
with the data recommended by Flanagan'® for USGS G—2 granite, GSP—1 gra-
nodiorite, AGV—1 andesite and BCR—1 basalt, by Abbey!’ for GSC SY—2
syenite, SY—3 syenite and MRG—1 gabbro, by Ando et al.'?) for GS] JG—1
granodiorite and JB—1 basalt. Nineteen elements were determined in the standard
rocks. As shown in Table IV, when the results from the duplicate analyses for
JB—1 basalt were averaged and compared to the recommended values of Ando et
al ¥, the relative deviation from the mean based on 13 out of 19 elements was

within + 4%. Therefore, duplicate analysis provided a reasonable reproducibility
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for the most of the elements. Our values are also quite compatible with the values

' and others except for barium. For niobium in JB—1

recommended by Flanagan'®
our result ( 39 p.p.m.) is higher than that reported by Ando et al.!?’ , but rather

similar to the recent value of 39.7 p.p.m.!3).

§ 4. Conclusion

Nondestructive multielement photon-activation analysis with high-resolution
gamma-spectrometry has been used to determine 6 major and 13 minor elements
in nine standard rocks. Rock samples and multi-element standards were irradiated
simultaneously with 30 MeV bremsstrah]ung' and the (7, n) and (7, p) reac-
tion products were measured with a pure germanium detector. Elements found
suitable for determination by this method include sodium, magnesium, calcium,
titanium, manganese, iron, scandium, chromium, cobalt, nickel, zinc, rubidium,
strontium, yttrium, zirconium, niobium, cesium, barium and cerium. The abun-
dance values obtained for the standards are in good agreement with published data,

and reproducibility of the results is satisfactory for each of the elements analyzed.
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§ 1. Introduction

The Japan Islands are at the northwestern corner of the Pacific and form a
festoon of island arcs occupying a part of the Circum-Pacific Volcanic Belts. They
face deep trenches on the oceanic side, while on the continental side they are
surrounded by marginal seas such as the Sea of Japan. The Islands have the gen-
eral characteristics of an arc-trench system and roughly show a zonal arrangement
of various geological and geophysical features from the oceanic to the continental
side!. A zonal distribution of Quaternary volcanoes is noticed in the Japan
Islands?'. Roughly, it is divided into the East Japan Volcanic Belt and the West
Japan Volcanic Belt. At the eastern edge of these two belts, a sharp boundary
line can be drawn and no volcanoes exist to the east of it. This oceanward bound-
ary is called the volcanic front. The front runs parallel with the general trend
of the island arcs.

A remarkable characteristic of volcanic rocks from island arcs is the consis-
tent variation in the concentrations of some elements, especially their K,O contents,
away from the volcanic front® . Many explanations of these variations have been
proposed, including the following sorts of regular diffefences in magma genesis
with increased distance from the volcanic front : increased crustal thickness and
resulting contamination or crystal fractionation at greater depth ; increased wall-rock
reaction or zone refining within the mantle wedge due to longer magma ascent
paths ; the effect of pressure on distribution coefficients ; horizontal or vertical

heterogeneities in the composition of the mantle wedge ; changes in refractory
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phases during fusion ; or decreasing percent fusion plus increasing depth of liquid
segregation in the mantle wedge®' .

To clarify the origin of the lateral variation in volcanic arcs, more thorough
investigation for elemental abundances together with geological and mineralogical
data of volcanic rocks is required. In this paper, it is intended to elucidate the

spatial variations in basaltic magma composition across Japanese volcanic arcs.

§ 2. Locality and nature of analyzed basaltic rocks

Nine basic volcanic rocks from the Japan arc and adjacent area were ana-
lyzed. Fig. 1 shows the localities of the analyzed samples.

They are as follows.

A. IW—35: Quaternary olivine basalt, Yakushidake cone, Iwate volcano, NE Japan.
B. IW—40 : Quaternary hypersthene olivine basalt, Myokodake cone, Iwate volcano,
NE Japan. ’

C. RI—J : Quaternary alkali olivine basalt (CHO), Rishiri volcano, Hokkaido,
Japans’;
RI—2: Aphyric segregation layer (L 2 A) of mugearitic composition in RI-1%).

JJ-NW : Quaternary olivine basalt, Jeju volcanic Island, Korea® .

JJ-KY : Quatérnary aphyric hawaiite (KY—13 ), Jeju volcanic Island, Korea® .

e = = U

JB—1: Pliocene Titanaugite olivine trachybasalt, Myokanji-toge, 7km NNW of
Sasebo City, Kyushu” .

H. ODZ—1: Pliocene alkali olivine basalt, Oki-Dozen Islands, SW Japan.

1. ODZ—2: Pliocene trachyandesite, Oki-Dozen Islands, SW Japan.

More than half of the volcanic rocks from Miocene to Recent time distributed
throughout the Japanese Islands belong to the calc-alkali rock series, and the re-
mainder are of the tholeiite and alkali rock series®. Having a close relationship
to the structure of the island arcs, the types of volcanic rocks have a tendency to
show a zonal distribution parallel to the island arcs. Westward, the sequence of
_volcanic rocks encountered is ( 1 ) tholeiitic and calc-alkali rocks, ( 2 ) calc-

alkali rocks, ( 3 ) calc-alkali and sodic-alkali rocks, and ( 4 ) sodic-alkali
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Fig. 1. Map showing sample localities of basaltic rocks analyzed and
petrographic provinces for the Quaternary volcanic rocks of Japan.
The solid lines show the volcanic fronts.

rocks® (Fig. 1). Among the rocks analyzed, IW—35 and IW—40 belong to the tholeiite
zone (zone 1) and the others belong to alkali basalt zone (zone 3 and 4 ). In
Quaternary alkali basalts, RI occurs on the trench-side (zone 3 ) and JJ occurs

on the continental-side (zone 4 ). JB—1 and ODZ are Pliocene alkali basalts



242

from SW Japan. JB—1 belongs to the province of calc-alkali and sodic-alkali

rocks (zone 3 ). ODZ—1 and ODZ—2 were collected from the province of sodic-

alkali rocks (zone 4 ).

§ 3. Analytical methods

11 trace elements (Sc, Cr, Co, Ni, Zn, Rb, Sr, Y, Zr, Nb, and Ce)
in the basaltic rocks were determined by a method of nondestructive photon-activa-
tion with 30 MeV bremsstrahlung and high-resolution gamma-ray spectrometry.
Rock samples were individually placed in small pieces of aluminium foil weighing
27—28 mg and made into discs 10 mm in diameter with a thickness of about 3
mm. The comparative standards were the Japanese standard rocks, JB—1, JG—1
and multi-element standard (MSTD ).. The analytical samples and the comparative
standards were encapsulated into a silica tube and irradiated simultaneously.

A linear electron accelerator of Tohoku University was the bremsstrahlung
source. The irradiation was performed with a 100 #A beam of 30 MeV electrons
over a period of 2 hr. The gamma rays were measured with a 86 cm® pure ger-
manium detector coupled to a 4096—channel pulse-hight analyzer. The details of
the counting and data treatments for quantifications were the same as those descri-

bed in our another paper.

§ 4. Results and discussion

Elemental abundances and its normative mineral compositions of analyzed
basaltic rocks of Pliocene to Quaternary age are shown in Table I. All the data
are normalized to chondrite-values given in Table 111 gnd their chondrite-normal-
ized patterns are shown in Fig. 2. Tholeiite (IW—35) — normalized patterns of
these basaltic volcanic rocks are also shown in Fig. 3.

The Japan arc is a typical island arc. Lateral variations in the chemistry of
volcanic rocks across island arcs have been recognized by Tomita® , Kuno? , Jakes
and White'? and others. According to their data, the concentrations of large-ion-

lithophile (LIL ) and alkali elements show a regular increase toward the continent.
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Elemental abundances and normative mineral
compositions of basaltic rocks
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IW-35 IW-40 RI-1 RI-2 JB-1 0DZ-1 0DZ-2 JJ-NW  JJ-KY  Chondrite™™
wt,% ppm
Si07 51.09 50.19 51.27 53.28 52.18 44.77 51.37 49.13 39.45
Ti02 0.78 0.80 1.34 2.55 1.34 2.52 2.35 2.38 2.70  Ti 720
Al203 18.23 19.33 18.42 13.39 14.53 16.88 17.01 14.58 16.93
Fe203 2.22 2.64 3.36 3.39 2.31 2.78 3.84 1.98 4.77
Fe0 7.55 7.09 4.76 9.60 6.02 6.58 4.84 8.89 6.76
MnO 0.16 0.19 0.14 0.21 0.15 0.14 0.16 0.15 0.17 Mn 2590
Mg0 6.91 6.17 5.52 3.07 7.74 8.81 2.96 8.43 4.90
Ca0 10.68 10.57 9.40 6.03 9.24 8.50 5.93 8.89 7.67
Nag0 1.96 2.14 4.14 5.23 2.80 3.45 4.19 3.31 3.60
K20 0.15 0.19 0.60 1.55 1.44 1.77 3.63 1.38 1.48 K 480
H20+ 0.30 0.45 0.15 0.46 0.97 2.31 1.05 0.23 0.26
H20- 0.04 0.46 0.09 0.19 0.97 0.65 1.48 0.15 0.15
P20s5 0.09 0.07 0.34 0.88 0.26 0.63 0.93 0.48 0.67
Total 100.16 100.29 99.53 99.83 99.95  99.79 99.74 99.98 99.51
Data from recalculated analyses
SI 37.21 34.34 30.59 13.64 38.55 38.12 15.51 35.43 23.30
Fe0* 9.57 9.53 7.84 12.76 8.26 9.38 8.54 10.71 11.15 Fe 219000
Fe0*/Mg0 1.38 1.53 1.41 4.12 1.05 1.03 2.81 1.27 2.26
Na20+K20 2.1 2.34 4.77 6.84 4,33 5.40 8.04 4.7 5.13
Nag0/K20  13.07 11.26 6.90 3.37 1.94 1.94 1.15 2.40 2.43
CIPW norms from recalculated analyses
Q 3.73 2.92 - 0.29 1.12 - - - 0.76
or 0.89 1.13 3.57 9.24 8.68 10.83 22.04 8.19 8.83
ab 16.61 18.22 35.28 44.62 24.17 18.77 36.44 28.12 30.74
an 40.57 42.84 30.12 8.55 23.29 26.17 17.40 20.93 25.90
ne - - — - - 6.16 - - -
diwo 4.98 3.95 6.10 6.60 9.08 5.46 2.76 8.43 3.37
dien 2.89 2.29 4.31 2.72 6.11 3.92 1.96 5.21 2.30
difs 1.85 1.47 1.26 3.92 2.29 1.05 0.57 2.74 0.81
hyen 14.35  13.17 6.19 4.99 13.56 - 3.00 0.66 10.02
hyfs 9.21 8.46 1.81 7.18 5.07 - 0.87 0.35 3.55
fo - - 2.3 - - 13.14 1.84 10.66 -
fa - - 0.75 - - 3.89 0.59 6.18 -
mt 3.22 3.85 4.91 4.96 3.42 4.16 5.73 2.88 6.98
il 1.48 1.53 2.56 4.88 2.60 4.94 4.59 4.54 5.17
ap 0.21 0.16 0.79 2.06 0.61 1.52 2.22 1.12 1.57
norm Px 33.28 29.34 19.67 25.41 36.11 10.43 9.16 17.39 20.05
norm P1 57.18 61.06 65.40 53.17 47.46 44.94 53.84 49.05 56.64
Px/P1 ratio 0.58 0.48 0.30 0.48 0.76 0.23 0.17 0.35 0.35
A1203/Ti0, 23.41 24.31 13.74 5.25 10.82 6.70 7.23 6.13 6.28
Ca0/A1203 0.59 0.55 0.51 0.45 0.64 0.50 0.35 0.61 0.45
ppm
Ce 5 5 22 82 64 73 186 61 53 0.976
Co 36 30 33 31 4 43 13 38 46 550
Cr 138 73 152 23 424 275 34 254 43 3460
Nb 1 2 7 18 39 53 89 40 43 0.44
Ni 79 51 64 14 137 219 5 70 64 12100
Rb 5 2 9 28 41 57 85 22 27 1.94
Sc 27 26 27 43 31 35 30 26 49 8.5
Sr 281 276 409 233 430 691 757 396 514 14
Y 13 15 27 72 24 28 41 26 27 2.6
In 80 91 109 146 89 - 124 N 170 460
Ir 25 27 126 497 133 208 406 203 205 6.7
Rb/Sr 0.018 0.007 0.022 0.120 0.095 0.082 0.112 0.056 0.053 0.139
K/Rb 249 789 553 463 298 267 364 525 458 247
Zr/Nb 25.00 13.50 18.00 27.61 3.4 3.92 4.56 5.08 4.77 15.23
Y/Nb 13.00 7.50 3.86 4.00 0.62 0.53 0.46 0.65 0.63 5.91
r/Y 1.92 1.80 4.67 6.90 5.54 7.43 9.90. 7.81 7.59 2.58
Ti/Zr 187 178 64 31 62 75 36 7 80 107
Sc/lr 1.08 0.96 G.21 0.09 0.23 0.17 0.07 0.13 0.24 1.27
Ti/Sc 173 184 300 358 265 445 484 551 333 85

Ana]ysg for wet analysis; IW: K. Ishikawa, RI: T. Yamaguchi, ODZ: N. Kaneko, and JJ: M.W. Lee.

* FeO

is total iron as Fe0.

** Abundance in chondrite is based on C1 abundances of Wanke et al.(1974) scaled up to fit

REE abundance of Leedy chondrite by Masuda et al.(1973) (Kay and Hubbard, 1978).
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Fig. 2. Chondrite-normalized element patterns for the basaltic rocks analyzed.

2

ROCK,/1W35

L | ) i t 1 L t s L ) L i 1 I L 1 ! i 1 1

Nb Ce K Zr P Rb Ti Y Cr Na Sr Mg Fe Co Zn Sc Si Mn Ni Ca Al

Fig. 3. Tholeiite (IW—35) — normalized element patterns for basalts analyzed.
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Miyashiro® published a map showing the petrographic provinces for the Quater-
nary volcanic rocks of Japan Islands and neighboring continent. IW—35, RI—1 and
JJ-NW are the representative basalts from each Quaternary volcano which belong
to the zone 1, 3, and 4 of Miyashiro’s figure respectively, and have similar
SiO; contents near 50 wt. %. In these rocks, K, Ce and LIL element (Rb, Zr
and Nb ) contents and Rb/Sr, Zr /Y and Ti /Sc ratios increase gradually with
increasing distance from the volcanic front ; Ti, P, Ni and Cr contents also in-
crease ; CaO contents and Y/Nb, Zr /Nb, Sc/Zr, Na/K and Al /Ti ratios
decrease ; and Sc contents not change significantly from IW—35 to JJ-NW. Norma-
tive mineral compositions also varies. Norrr;ative olivine, diopside, orthoclase,
ilmenite and apatite contents, all increase and normative total pyroxenes, hypers-
thene and anorthite contents decrease away from the volcanic front.

JB—1 and ODZ—1 are Pliocene alkali basalts from SW Japan. JB—1 and
RI basalts are belong to zone 3, on the other hand ODZ and JJ are belong to
zone 4 Although Y, Zr and Ti contents in Pliocene basalts are similar to those
in Quaternary basalts from the same zone, Rb, Nb, Ce and K contents in Pliocene
basalts are greater than those of Quaternary basalts. And, Pliocene basalts from
SW Japan have higher Ni and Cr contents than the Quaternary basalts analyzed.
Ni and Cr contents are significantly different between tholeiitic and associated calc-

alkali rock series in northeastern Japan™®

. At a given SiO, content, the concentra-
tions of compatible elements (Ni and Cr ) and also LIL elements (K,O, Hf,
Th and U) are higher in calc-alkali rock series than in associated tholeiitic rock series.

Uchimizu!'®

plotted in a MFA diagram available analyses of alkali rocks from

several volcanic provinces. The results show that the differentiation trends of the
Scottish Tertiary alkali rocks, the Hawaiian alkali basalt-trachyte association and
the alkali rocks of Mauritius, all of which produce mugearite as an intermediate
member (alkali basalt — mugearite association ), are different from those of the
alkali rocks of Iki, Gough and Oga which produce trachyandesite (trachybasalt

— trachyte association ). The alkali basalt — mugearite association represented by

RI and JJ shows relative iron enrichment in the middle stage of differentiation® ®
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whereas the trachybasalt — trachyte association represented by JB—1 and ODZ do
not. No iron enrichment and higher concentrations in LIL-elements together with
compatible elements (Ni and Cr ) are representative indicator of calcalkalinity of
magmas. At present-day East Japan Volcanic Belt, the calcalkalinity increases
with increasing distance from the volcanic front. However, the Pliocene alkali
basalts JB—1 and ODZ when compared to the present-day distance to the volcanic
front for RI and J] lies closer than the latter two, are higher in the calcalkalinity
than the latter two.

K, Rb, Ce, Nb, Zr, Zn and Ti are higher in the aphyric mugearite layer
segregated from the RI —1 alkali olivine basalt lava after extrusion, but Cr, Ni,
Co, Sr and Sc are depleted in the segregation layer RI —2 in contrast to the host
lava RI —1. The more differentiated alkaline lavas represented by ODZ—2 and ]JJ-
KY have higher K, Rb, Ce, Nb, Zr, Na and Mn conterﬁ:s and lower Mg, Cr,
Ni and Ca contents than the more primitive one from the same volcano. Sr, Co,
Sc and Ti behave as incompatible elements in some case, but in the other case

they act as compatible elements.

§ 5. Conclusion

Nondestructive multi-element photon activation analysis with high-resolution
gamma-spectrometry has been used to determine 11 trace elements ; Sc, Cr, Co,
Ni, Zn, Rb, Sr, Y, Zr, Nb, and Ce in eight basaltic rocks from the Japan arc
and adjacent areas. Rock samples and multi-element standards were irradiated
simultaneously with 30 MeV bremsstrahlung and the ( 7, n) and (7, p ) reac-
tion products were measured with a pure germanium detector.

In Quaternary basaltic rocks from the Japan arc, K, Ce and LIL element
(Rb, Zr and Nb ) contents and Rb/Sr, Zr/Y and Ti/Sc ratios increase gradual-
ly with increasing distance from the volcanic front ; Ti, P, Ni and Cr contents
also increase ; and CaO contents and Y/ Nb, Zr/Nb, Sc¢/Zr, Na/K and Al/Ti
ratios decrease from the oceanic to the continental side. The abundances of these

elements will allow a comparison of basaltic rocks from different areas or ages
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and to test genetic or differentiation hypotheses.
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Trace Element Behavior in Fractional
Crystallization of Jeju Alkaline Lavas, Korea

Moon Won Lee, Takeyoshi Yoshida and Ken-ichiro Aoki

Institute of Mineralogy, Petrology and Economic Geology,
Tohoku University, Sendai 980, Japan

§ 1. Introduction

Jeju Island is situated about
90 km south of the Korean Penin-
sula (Fig. 1). It has an area
80 X 40 square kilometers and a
relief of 2000 meters. It belongs
to the Circum Japan Sea Alkali
Rock Province, and consists of
an alkali basalt-trachyte associa-
tion. The volcanism can be

classified into three main cyclic

eruptions : 1) from alkali basalt

through hawaiite to trachyte 2)
Fig. 1 Map showing the localities of
the Circum Japan Sea Alkali Rock
hawaiite to trachyte 3) basaltic Province.

An arrow and stars indicate Jeju
Island and localities of alkali rocks,

of the volume of rock types on the respectively.

from hawaiite to mugearite or
scoria cones. About 95 percents

island is alkali basalt plus hawaiite
with the remainder being mugearite plus trachyte.

The study by' Lee' ? illustrated that the petrography and bulk-rock composi-
tional variations of Jeju alkaline lavas were qualitatively in accord with a simple
fractional crystallization scheme of alkali olivine basalt magma.

Trace element data are useful because trace elements in volcanic rocks are
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dispersed in habit and occur highly variable concentrations within the fractionating
minerals. The concentrations of trace elements in fractionating magma depend cri-
tically on their partitioning between the crystallizing phases and its coexisting
liquids. The volcanic rocks of Jeju Island has not been analyzed for the trace
element composition. The aim of this paper is to present the trace element data

and to relate them to the petrogenesis of the Jeju alkali rock series.

§ 2. Sample description

Typical analyzed specimens for this research are described below.

Alkali basalt (44, NW ) : in hand specimen, these are moderately porphy-
ritic with 10 to 15 percent phenocrysts and only a few vesicles. The phenocrysts
consist of euhedral to subhedral ‘olivine, a few percent of augite crystals, and
plagioclase set in a fine-grained groundmass.

Aphyric hawaiite (SG, CC, 46—1) : these are aphyric with less than 3
percent olivine, augite and plagioclase phenocrysts. It shows trachytic texture. In
some thin sections, magnetite also occurs in close association with apatite.

Olivine-pyroxene porphyritic hawaiite (SC, HM) : these are porphyritic and
consist of 15 to 25 percent eubedral to subhedral augite phenocrysts and a few
olivine and plagioclase phenocrysts.

Oilivine-pyroxene-plagioclase porphyritic hawaiite (15—1, 18—1) : these show
strongly porphyritic texture, often with a few vesicules. The phenocrysts include
anhedral to subhedral plagioclase (20 to 30% ), augite (10% ) and olivine
(5%).

Mugearite (7—4, BJ, 1-1, 6—1, 16—1, 13—1) : these contain a small
amount of olivine, plagioclase and pyroxene. Magnetite phenocrysts often associated
with subhedral phenocrysts of apatite occur as grains.

Aphyric trachyte (SH, SB) : it is a green-grey or light purple compact rock.
It has an intersertal texture with oligoclase and alkali feldspar, accompanied by
" minor ferrosalite.

Porphyritic trachyte (77, 11—1, 29, ]S ) : it is a white gray or green-grey
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porphyritic rock. The phenocrysts consist of anorthoclase, oligoclase, olivine, mag-

netite, ferroaugite, bedenbergite and apatite.

§ 3. Analytical methods

Analyses of 13 trace elements were performed on representative samples of
rocks. Cr, Co, Rb, Ba, Nb, Y, Zr, Ce and Sc were determined using photon
activation analyses. Sr, Ni and V were done by atomic absorption spectrophoto-
metry and spectro-colorimetric techniques, respectively. The fluorine content was
determined using a selective ion-electrode method described by Kanisawa® . The
procedures and accuracy of photon-activation analyses are described in detail by
Yoshida et al*’. Analytical errors were checked by use of geochemical standards

(JG—1, JB—1 and AGV—1 ).

§ 4. Results and discussion

The trace element contents of the various rock types are given in Table 1
together with their bulk chemical composition. The behaviors of individual trace
element in fractional crystallization of Jeju alkaline lavas are described in the
following.

Nickel : Since Ni ion has essentially the same radius ( 0.68A) and the
same charge as magnesium. It should be camouflaged in magnesium minerals.
The content of K,O is one of the representative fractionation indeces in the alka-
line magmas. With increasing K,O the concentration of Ni decreases sharply from
alkali basalt to hawaiite in the range from 180 ppm to 50 ppm to about 2 per-
cent K,O. The Ni content hdas a good correlation with the MgO content.

Chromium : The radius ( 0.63 A) of Cr ion is very close to that of Fe®
(0.66 A). Cr is contained in chromian spinel which is an inclusion mineral of
olivine, and it is located in early augite and magnetite. It decreases rapidly dropp-
ing from 260 ppm to 40 ppm with a small increase in K,O content. No signifi-
cant amount of Cr has been found in mugearite and trachyte.

Cobalt : The bibalent Co ion is practically the same size ( 0.72 A) as the
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Table I Major (wt., %) and trace (ppm ) element abundances in Jeju

1 2 3 4 5 6 7 8 9 10

44 NW SG CC 46—1 SC HN 15—1 18—1 7—4

Si0, 50,70 49.13 49.17 49.09 49.45 47.94 50.01 48.88 50.41 50.26
TiO, .93 2.38 350 3.1 2.70  2.67 2.26  2.56 2.28 2.69
Al,0, 16.06 1458 16.39 15.86 16.93 15.78 17.16 17.23 14.68 17.91
Fe 0, 1.36 1.98 2.74 439 477 7.88 315 2.18 2.60 2.86
FeO 9.23 889 897 860 6.76 3.24 683 850 9.49 17.16
MnO 0.14 015 0.16 019 0.17 014 016 0.15 0.17 0.12
MgO 7.11 843 469 409 490 17.70 5.62 b5.62 5.83 3.64
CaO 8.28 889 801 7.63 7.67 864 7.90 7.43 8.27 7.87
Na,O 3.23 331 334 392 360 349 391 369 3.94 4.13

K,O 0.88 1.38 1.46 1.58 1.48 1.26 1.88 1.42 1.73 1.84
H, O+ 0.47 0.23 0.45 023 0.26 042 0.44 0.9 0.27 0.16
H,O— 0.18 0.15 022 013 015 023 036 073 0.01 0.21

P,0, 0.29 0.48 0.48 0.64 0.67 040 0.66 0.60 0.55 0.66
Total 99.86 99.98 99.58 99.86 99.51 99.79 100.34 99.94 100.23 99.51

Ni 127 70 52 -~ 19 86 77

Cr 215 254 43 58 213 106 86 103 59
Co 38 40 48 30
Sc 26 36 28 29
Sr 263 396 421 459 490 4217 611 473 634 646
\ 43 185 150 154 139 112 134 130 149 124
F - 547 860 1050 1082 960 739 1060 890 998 1014
Ba 349

Y 26 32 : 25 23
Zr 203 248 208 224
Rb 22 30 30 46
Nb 40 46 37 46

Ce 61 68 52 65

ferrous ion ( 0.74 A), and Co should thus be camouflaged in ferrous compounds.
Alkali basalt and hawaiite have about 47 to 40 ppm Co but mugearite has only
15 ppm.

Scandium : Sc has a radius ( 0.81 A) close to that of ferrous iron ( 0.74 A ).
But in view of its higher charge, Sc would be expected to be captured by ferro-
magnesian minerals. This is true for pyroxene, which generally shows a relatively
higher concentration of Sc. There is about 35 to 37 ppm Sc in alkali basalt and
hawaiite, but only 20 ppm in mugearite.

Strontium : The size of the Sr ion indicates that it can proxy for either cal-
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11 12 13 14 15 16 17 18 19 20 21
BJ 1—1 6—1 16—1 13-1 SH SB 77 11—-1 29 JS
50.93 52.03 54.57 54.50 54.66 57.99 62.38 59.51 61.98 62.84 65.54
2.40 2.11 1.67 1.66 1.56 097 050 094 0.64 0.46 0.28
18.09 16.96 1851 17.81 17.79 1856 17.73 17.82 17.51 17.84 16.73
8.50 3.80 230 6.36 238 480 1.89 419 567 190 2.50
2.36 7.14 6.72 347 6.60 2.03 1.98 2.76 0.93 2.75 0.94
0.15 0.14 0.15 014 0.16 024 025 0.13 012 0.14 0.12
3.21 3.75 225 1.82 202 0.46 0.19 0.86 0.62 0.28 0.13
6.41 5.60 552 505 522 324 269 255 157 178 1.07
4.61 4.34 505 495 503 594 639 541 551 598 6.04
2.11 2256 262 292 288 4.18 426 391 447 503 5.63
0.31 0.41 0.12 0.23 044 026 1.48 050 0.45 0.29 0.54
0.17 0.21 0.14 040 022 030 017 034 03 032 008
0.73 0.92 083 0.93 0.83 052 0.25 0.48 0.47 0.22 0.03
99.98 99.66 100.45 100.24 99.79 99.50 100.16 99.40 100.29 99.83 99.63
25 31 9 6 4 7 4
39 24 23 10 6 8 6
15 13 3
17 21 4 2 10 7
380 433 513 484 650 620 2817 221 218 18
41 44 41 21 12 8 54 10 42 10
1366 1433 1498 1678 1280 793 285 806 1415 351 290
572 1334 1539 1246 1533
32 28 32 41 29 31
338 409 524 713 768 718
59 71 86 106 96 123
66 75 85 118 91 100
101 109 134 170 126 125

cium or potassium. The data shows that admittance in place of calcium is the

dominant process of removal of Sr from the magma. The Sr content increase stea-

dily from 270 ppm to 650 ppm with increasing K,O. In this case Sr behaves in-

compatibly. Above about 2.5 percent K,O, however, Sr decreases rapidly toward

trachyte, resulting from removal of Sr in plagioclase from the magma.

Vanadium : V is largely removed in magnetite. Its ionic radius ( 0.74 A)

is greater than ferric ion ( 0.64 A), but its electronegativity is much less. The

latter

netite.

factor evidently is responsible for the enrichment of V in early-formed mag-

The behavior of V is very similar to that of titanium throughout the series.
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The V contents increase rapidly with rising K;O values before decreasing rapidly
from a maximum value of about 240 ppm.

Fluorine : The F anion bas nearly the same ionic radius ( 1.33 A) as that
of the (OH) anion, minor amounts of F are considered to be stored in the (OH)
sites of hydrous minerals such as amphibole, mica and apatite. Aoki et al® point-
ed out that F distribution has a correlation only with K,O in several types of
basalts. F also has a good correlation with P,Os below about 3 percent K,O. The
F content increases rapidly from alkali basalt to mugearite, ranging from 550 ppm
to 1600 ppm. Above 3 percent K;O, F decreases rapidly to about 300 ppm.

Barium : Ba ion ( 1.34 A) is too large, and the only major element of com-
parable ionic size is potassium ( 1.33 A) ; bence Ba appears in potash feldspar.
The Ba content shows a steady increase from 350 ppm to 1300 ppm with increas-
ing K,O. At about 5 percent K,O, alkali feldspar must crystallize since Ba is
removed from the trachyte which contains high K,O.

Yttrium : Y ion has a comparatively large radius ( 0.92 A). It shows rela-
tively little tendency to replace the major elements during magmatic crystallization.
The Y content shows a lot of scatter compared with other trace elements, but a
slight increase from 23 ppm to 41 ppm from basic to salic ends of the series is
suggested.

Zirconium : The combination of high charge ( 4 + ) and comparatively high
radius ( 0.79 A ) sets Zr apart from any of the major elements. Because of this
Zr does not enter into any of the common minerals but always appears in a speci-
fic phase like zircon. The concentration of Zr increases steadily throughout the
series, ranging from 200 ppm at low K,O to 750 ppm at high K,O values.

Rubidium : The only major element Rb can replace should be K, because
both elements have very similar ion radii ( 1.47 to 1.33 A, respectively ) and
charges. The concentration of Rb increases in proportion to the K,O content to-
ward the acidic end of the series from 20 ppm to 120 ppm.

Niobium and Cerium : The Nb and Ce do not substitute for major elements

because of the differences in ionic radius and ionic charge. They remain in solu-
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tion and are enriched in the residual liquid during magmatic crystallization. The
concentrations of Nb and Ce increase in proportion to the K,O content with a

range from 40 to 100 ppm, and from 50 to 150 ppm respectively.

100 ]

Rock 7 Basalt

01 =---= trachyte
o—=o Mmugearite
a----a hawaiite

001
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Fig. 2 Basalt-normalized element patterns of averaged hawaiite,
mugearite and trachyte from Jeju Island.

The alkali basalt-normalized patterns of volcanic rocks are shown in Figure
2. Figure 2 illustrates a progressive trace element variation in a group of cogene-
tic volcanic rocks from Jeju Island. SiO,, Na,O, K,O, Y, Zr, Rb, Nb, Ce and
Ba show progressive increase whereas MgO, CaO, Ni, Cr, Sc and Co contents
show decrease with advancing fractionation. Sr, P,0,, V, F, TiO,, FeO and
MnO show a maximum at the middle stage of progressive fractionation and decrease
toward the felsic end of the series. Al,O; shows a maximum at the middle stage

and remains fairly constant through the rest of the series.

§ 5. Conclusion

Cr, Co, Rb, Ba, Nb, Y, Zr, Ce and Sc in Jeju alkaline lavas were deter-

mined using photon activation analysis ; Sr was analyzed by atomic absorption ;
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Ni, V, and Cr by spectrocolorimetry and F by selective ion-electrode method.

Concentration of Cr, Co, Ni and Sc show progressive decrease with advanc-
ing fractionation of the alkaline magma. Sr content shows a gradual enrichment
through hawaiite and sharp depletion in the latter rocks. The concentration of Ba,
Rb, Zr, Y, Nb and Ce increase steadily toward the felsic end of the series. The
V and F contents have a good correlation with TiO, and P;Os, respectively.

The compositional variations in Jeju alkaline lavas are consistent with remo-
val of Ni, Cr, Co, Sc, Sr, F and V into the fractionating minerals ; olivine,
pyroxene, plagioclase, apatite and magnetite, and Ba, Rb, Zr, Y, Nb and Ce.
are concentrated in the residural magma with progressive fractionation of magma.
All of these trends are predicted by the fractional crystallization model and these
are consistent with the major element data and petrographically observed crystalli-

zation sequence of minerals.
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§ 2. SWHEESE

SHTLIcRRNT, IREE, KREBELILEE, KILAEOREEEIDIER LD THE,.
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AHSEA RIS Th Do CORMEMIT, BER, Hv 7 VA, HEER, LEERTH,
TRTETF vVERBEERCET 5,

FIERT, €Uty BAEERLILE & EREAEERRILEIC OV THH Lo E U4
VEREARZILEE, )Y T v ASBER - SFREARILE o\ LISEET — REEA %K
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DOECE, BREWELELTE, HY T VEDREYRWT, KELEXLLRIEWAE, A
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§ 3. SFAE
Ce, Cs, Nb, Rb, Sc, Sr, Y, Zn, Zr 2Lk, FHALA¥BENOBT I 7 v 7%

FIFI L, 30MeV IEET % A\ CERTHOMLAFTEC L DER Lice T O, LRSI,

% 13 Chemical compositions of rocks from Iwate volcano.

Sp. No. 1 2 3 4 5 6 7 8 9 10 1 12
Rock series TH TH TH TH TH TH TH TH CA CA CA CA
wt.%
$i0, 52.38 52.84 53.15 53.42 53,68 51.21 54.11 54.71 | 58.00 59.60 60.58 62.71
Tio2 0.98 0.83 0.86 0.80 0.88 0.84 0.86 0.86 0.83 0.84 0.82 0.79
A1203 18.42 18.40 18.24 18.21 19.96 17.93 17.84 18.15 [ 16.10 15.00 15.73 14.80
Fezo3 4.89 3.27 2.55 3.52 z.72 3.88 2.40 2.46 2.00 2.60 2.60 2.78
Fel 5.02 6.24 7.02 5.76 5.63 6.17 6.93 6.93 6.60 5.36 4.79 4.30
MnO 0.16 0.15 0.16 0.16 0.14 0.20 0.16 0.15 0.14 0.13 0.12 0.12
Mg0 4.48 4.38 4.79 5.23 3.00 5.94 3.94 4.09 4.58 3.88 4.06 3.12
Ca0 9.64 9.87 5.74 9.90 .98 10.45 8.96 9.18 7.72 6.96 6.93 6.31
Na,0 2.37 2.35 2.34 2.15 2.59 1.97 3.04 2.38 2.87 Z.64 2.90 3.04
K,0 0.32 0.39 0.50 0.37 0.51 0.18 0.63 0.66 0.99 1.13 1.21 1.30
Hy0+ 0.47 0.53 0.36 0.33 0.71 0.75 0.41 0.30 0.76 0.44 0.41 0.33
Hzo- 0.52 0.20 0.21 0.14 0.30 0.91 0.22 0.29 0.15 0.24 0.19 0.14
PZOS 0.09 0.11 0.11 0.11 0.09 0.09 0.11 0.13 0.12 0.10 0.09 0.16
Total 99.74 99.56 100.03 100.10 100.19 700.52 99.61 100.30 [100.86 99.92 100.43 99.90
ppm
Ce 11 11 16 19 19 21
Co 28 29 24 29 21 26 26 21 2% 18
Cr 20 42 14 18 148 71 69 30
Cs 1.3 2.2 2.3
Cu 34 43 37 33 35 35 45 34 24 11
F 145 136 128 174 135 209 223 339 359
Nb 3.1 4.1 4.4 4.4 6.0 7.4
Ni 27 18 18 18 12 14 40 25 35 18
Pb tr 3 8 2 1 2 5 7 5 5
Rb 9 13 18 29 38 4]
Sc 27 30 39 28 21 28
Sr 277 296 250 224 236 251
v 223 254 203 213 216 181 186 161
Y 17 20 18 26 32 35
In 77 86 93 94 94
Ir 52 51 64 100 107 125
tr : trace, TH : Tholeiitic rock series, Ch : Calc-alkali rock series
1. Bronzite andesite, somma lava of the older Iwate volcano(Byobuone) 1720m.
2. Augite-bearing olivine-bronzite andesite, somma lava of the older Iwate volcano(Onigajo) 1715m.
3. Augite-olivine-bearing bronzite andesite, somma lava of the older Iwate volcano(Onigajo) 1770m.
4. Olivine-bearing augite-bronzite andesite, somma lava of the clder Iwate volcano{Onigajo) 1725m.
5. Augite-bearing bronzite andesite, somma lava of the older Iwate volcano(Onigajo) 1655m.
6. Bronzite-olivine basalt, lava of Kurokura 1330m.
7. Olivine-augite-bearing hypersthene andesite, radial dyke of the older Iwate volcano.
8. Olivine-augite-bearing hypersthene andesite, radial dyke of the older Iwate volcano.
9. Olivine-augite-hypersthene andesite, lava of Onashiro cone(the older Iwate volcano).
10. Olivine-bearing augite-hypersthene andesite, lava of Onashiro cone(the older Iwate volcano).
11. Olivine-hypersthene-augite andesite, lava of Onashiro cone(the older Iwate volcano) 1230m.
12. Olivine-bearing hypersthene-augite andesite, lava of Onashirc cone(the older Iwate volcano) 1320m.
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Ao LD, Co, Ni, Cu, PhIXBE B EER, ETRAESHIECLDERL 1
3, 0V, Cridbeamints (VIE, AEmMEOEMR ) cdh, FlIAvERECL-T, £

hxhues Ll

Sp. No. 13 14 15 16 17 18 19 20 21 22 23 24 25
Rock series TH TH TH TH TH TH TH TH TH TH TH TH TH
wt.%

Sioz §9.11 59.82 60.17 60.45| 53.01 53.86 | 51.09 51.29 51.77 51.83 | 50.19 50.39 | 53.22
Téoz 1.04 0.99 0.99 1.02 0.82 0.82 0.78 0.95 0.88 0.79 0.80 0.84 0.88
A1.203 15.94  16.02 15.71 15.30| 19.72 19.30 | 18.23 19.91 19.68 17.57 | 19.33 19.66 | 17.18
Fe203 3.29 2.63 2.55 2.57 1.75 2.46 2.22 2.16 2.65 2.39 2.64 2.44 2.34
Fed 6.24 6.24 5.95 8.51 7.16 6.21 7.55 6.85 6.21 6.97 7.09 7.30 7.28
Mn0 0.17 0.16 6.17 0.16 0.16 0.15 0.16 0.16 0.15 0.16 0.19 0.18 0.18
Mg0 2.72 2.55 2.54 2.59 4.19 3.93 | 6.91 4.34 4.32 7.18 6.17 5.97 6.09
ca0 6.69 6.56 6.50 6.59 9.71 9.65 | 10.68 11.20 11.20 10.26 | 10.57 10.69 9.74
Na,0 3.49 3.52 3.52 3.53 2.56 2.65 1.96 2.30 2.34 1.96 2.14 2.23 2.50
K50 0.73 0.96 0.73 0.75 9.42 0.49 0.15 0.21 0.24 0.20 0.19 0.16 0.28
Hy0+ 0.32 0.43 0.92 0.35 0.51 0.59 0.30 0.16 0.30 0.19 0.45 0.16 0.10
HZO- 0.19 0.1 0.15 0.05 0.18 0.30 0.04 0.05 0.05 0.03 0.46 0.07 0.12
PZOS 0.12 0.17 0.18 0.17 0.09 0.12 0.09 0.09 0.10 0.08 0.07 0.06 0.11
Total 100.05 100.16 100.08 100.04 |100.28 100.53 |100.16 99.67 99.89 99.62 |100.29 100.15 [100.02
ppm

Ce 16 14 5 11 5

Co 20 19 18 19 36 25 27 29 30 29 31
Cr 6 4 15 4 138 98 42 243 73 125 145
Cs 1.6 1.2 0.0

Cu 31 30 30 30 34 65 58 20 45 37 49
F 246 283 257 247 95 101 m 62 125
Nb 2.3 3.7 1.0 2.7 2.0

Ni 8 10 5 5 79 48 33 70 51 68 61
Pb 2 4 2 4 2 6 2 7 4 4 3
Rb 18 22 5 6 2

Sc 32 28 27 30 26

Sr 245 286 281 357 276

v 161 163 151 245 256 220 21 222
Y 3 33 13 16 15

In 130 12 80 86 91

Zr 87 82 25 25 27

TH : Tholeiitic rock series, cA

Calc-alkali rock series

13. Olivine-augite-hypersthene andesite, lava of Okama dome(the older Iwate volcano) 1430m.

14. Augite-bearing hypersthene andesite, lava of Okama dome(the older Iwate volcano) 1420m.

15. Augite-hypersthene andesite, lava of Okama dome(the older Iwate volcano) 1435m.

16. Olivine-bearing augite-hypersthene andesite, lava of Okama dome(the older Iwate volcano) 1430m.
17. Olivine-augite-bearing bronzite andesite, somma lava of the younger Iwate volcanc,1890m.

18. Olivine-bearing augite-bronzite andesite, block in pyroclastic flow of the younger Iwate somma, 1780m.
19. Olivine basalt, lava of Yakushidake cone(the younger Iwate volcano) 1450m.

20. Olivine basalt, lava of Yakushidake cone(the younger Iwate volcano) 1930m.

21. Bronzite-bearing olivine basalt, lava of Yakushidake cone(the younger Iwate volcano) 1950m.

22. Olivine basalt, lava of Yakushidake cone(the younger Iwate volcano) 2000m.

23. Bronzite-olivine basalt, lava of Myokodake cone(the younger Iwate volcano) 1950m.

24. Bronzite-olivine basalt, lava of Myokodake cone(the younger Iwate volcano) 1965m.

25. Olivine-bearing augite-bronzite andesite, lava of Yakehashiri(the younger Iwate volcano).
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§ 4. AFHRBIUEE

SE KOO 5 b REHERIC OV T, ERATER, BREH TRL TR LR
B 1R Lo

4.1 LTREFLIUVXREERILEE

M kT, EEARNTRERCAD LY LT A FRFIOXRAE o LXREEZ G
KECET L, Chbll, ERSGTEDOT ANV CHLZ LVET VAV LT A M TH 5.
FDONi, Cr, ConahE L, MmoFILAKMREDY LT 1 FRIEZREHEDONI, Cr, Co
DEHE? L BERBRETHE, ChEMDOT I b=y VBEETHY LTA FERB LIS
&, BEIEY LT A4 MOBEEEDY LT 1 MIFIENI, CrREATHWAIDRN LT, &F
KILD Y LT A4 FRIIZRETHASMICND, Cr, CoRZ LWRIE Y LT 1 hRIIXRE D
AT, SREBRIIEIIALOZREL D ELRN, Cr, Co BFRIME{L-TW
%o ,

¥, Ti/100—Zr—Y « 3K, Ti/100—Zr —Sr/ 2K T, AFKUOXRER VX
BEBEZLEE, €AV T LAY LT M POBERICERIN D,

4.2 ETLEE

EERLO D BIREFKINCOEE T L RIERL, FRSTHEOFe CRETLHLO (VY
LT A NRFNEIUEE) EF 5 Thnwdd (Hng « T ) RIZILE ) LG0T bbb

4.2.1 Ni, Cr, Co, V

AFKILOY LT A FRIIORRE —LXREBER IS - RIWVERFIRD, Hvs - Tnh)
RARINEDONS & b FORBEHD > BK,0 %2845 5L IR KALTTHD, Ldd
FOK,0&BE T4 BV Licho T/ YOG fiERIERI L - TK 0 i3iE <7
BRCEET L EL DD, D&, K,OGEENRY /YOS bOREE LTHEZ
5T EHRE®RT Bo

F7T, Bl K,0%& 5T, Ni, Cr, Co, VEBEDE{EZR LILOMRE 1 KTH b,
VLT 4 FRADERTIE, XRED DXRAERIEHT TK,O DB E &b BEI
Ni, Cr A L, RIAETE, T0oaBRIFEFC LD, ChIXRED bXREHR
FUECIT T84 MIEWER ST H v 5 VARG (XRE TV LXBEER AR T
DYt =15~25") REEAN RS AR T, FRGENI, Cr B7 7 ThbRDELIL
T SR I N b,

Co bLRED LRIER NI TK,0 OB E & ST 55, LOMEMING, Crizd
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Ni
(PPm)
0:Basalts(Tholeiiti i
Iwate jeo: Basait@c( ano ggi‘t‘%; I?tr\loel:i)i(gca)series)(TBA)
ol volcano ) e:Andesiles(Tholeiitic series)(TA)
= :Andesites(Calc-alkali series)(CA)
80F o Cr (D Nasu zone average tholeiitic series
(ppm) | Ty
‘—.—! Nasu zone average calc-alkali series.
0r  p° (after Masuda and Aoki(1979))
col 2501 °
s0r \ 200 -
401 \
. \ 150
30 N
\ 100
20 x /
o —_ 50
L
0 02 04 06 08 10 12 KO (wtele) 0
3501
Co
(PPm) 40 - \
(ppm) =
°
5L o % °
30 ST
S e ° S L]
2001 ° . .
. !
o e e
201 \ 150 F .
\
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# 1K Trace elements variation diagram (Ni, Cr, Co and V ).

BETIIIV o Co BB VS VALFNTEANRORELPELY 52 5 LE 2 bhb,
L LeDSBREE e hEh, DS, =25~65", D, =14~5"ThY, »EHK
LTIV DT, ThbDEWOGETINC L 5T Co FELVWRARBRIeh o sELD
nae |

—7, VEBZXRE» OXREBERILGECHT To0MINL, ZoBITRILE I THEAR
BT 5o VIXEBCREEES: ( Dy =30~40") WBETE0T, XKRABERILAED, HEILE
DT CTORMB T UD TR Y 7 < h LRSI S h 5 & Il - o fc b b DR AT
BAELY b ORE T EEXDbRb,

FBEDSIO, BFEXIDHINVT « TAHYRARIWEELE Y LTA FRIARILE R XD
ENi, Cr, Co, V, K0 BTRTHIBIRBWTEL, X, ANy « TAh)RALILEE Y
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U7 FRAZIE LB RS LY FRE D, FLTHZ =« T VRIITIEY v
74 FRINCHAT, Ni, Cr ORPOBRERLEMAE L TR0 THY, X, VIEK,0 O
et U TR I T 5,

PED X 5, BEOEMCERKCEET IMBTETIE, ZOSFELCHMEFDOTHED
BENCE\TY LT A RRAIE ALY « T H Y RFITIEREREENRDLR Do

4.2.2 Sr, Sc

Y UT A FRAOZREN SZUE LT T, K,O0Mme & H1 St AR T 2EE 1D
o THIIAEROREGHAYRIEL TV 5L A5, ScliK,0ws L THELZELIIR
Tl
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0r
5700 5000 20000 K(PPm)
Nb
(PP}
100 |
[ 1 ]
L u
5.0“ o o, "
]
° °
20 o
10 o
Qs'llhkl n oo a el n I 1
1000 5000 20000 K(Ppm)
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1 : Lesser Antilles(Dominica, St. Kitts)
2 : Fiji(viti Levu)
o:Basalts(Tholeiitic series)(TB) 3 : Saipan(Mariana)
Iwate |e:Basalti iiti :
volcano {O:A?\?esli?e:?T::l‘eeiiig h:elﬁgtsl)c(Tie)rles)(TBA) 4 ¢ Talasea(New Britain)
n: Andesites(Calc-alkali series)(CA) 5 : Tonga

# 2 Trace elements variation diagram ( Rb, Zr, Y and Nb ).
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4.2.3 Rb, Zr, Y, Nb

CRDLDILHFELDWTUL, BEICK % & - THMEERTRLE (2K,

Pb =K KT, &FKLUDY LTA bRIABIO ALY « TAh ) RF&E &K : Rb=
2%:1&5%:1@&@@Kﬁ%3h,VV?4b%ﬂ®iﬁ%~im%%iwaa-7
) RINEIE & BBIF—EDOK : Rb L TK AT 51 oh TRb d 33 5, T7cb
H, RbSKE LD/ YERKITITEECEE LT <,

CHREXNLT, YV, Zr 3XBRECBVTERTRK : Y=100:1, K:Zr =50: 1 D
FeRRENRLDEHL, SLHIEATK M T 2 oW KRBT AR RD 5, Zh
BIERL D A, BICHFER (ZRED DRIEER T DY, = 06 ~1.0Y, DZ,,,,.=
0.1~0.25") ARG IHT, 5RXN 5N R,

COEFKILNEDOWTORREMOBEIMED Y LT 1 b RIIOFEE L s U854, BILE
TV 2hDERRD bND, ok ZIERD —K KTIE, o BlEDOY L7 4 bRFNTFD
ZEAEDK D Rb=500: 1 ODBMOKEATHLOEK LT, HFKILDY LTA FRINLE
DRDRb A FRE D, TDOLHIRIEF, TTRENFROEINT CRAT D4R
T TEBWTEDLFARC BB 5 1l EHRETHLDTH S,

424 F

FIZK,ODnE & IIITERPCIEML, Y74 bRIBIOHALT « TLhYF
FIEBR—ED b LY FERDD, FiIA A4 V¥R E D LEYh Tk aKgmHho OH o
BEICADe &TAHMNEFRILTIE, BMEYE L CEKEYD LA Bl Lictd, Fit
K, O L AMRICIZIERRE YV Y BRIRCBE LI EEZ bR D,

§6. ¥ W

BT KD DO KIPE % R TFHRIMEA VRS L B CERE LR, DToo & B Ln
il S Al

(1) EFKUDOY VT A PRIIZKBED, WBEY V74 NREBEEEDY LTL M LD,
Ni, Cr, ColrZL<, BMEY LT 1 bRIIZRE DL R T,

2 BEFKIUDOY VT A PRIKRER JOXREERIEE, Ti, Zr, Y, St 0Bk
Pearce and Cann® DEH Y AV LT A hDI L —TREA Do

B) BFKWLDY LVTA MRIIRO AT « Th ) RFIDEAE, Ni, Cr, Co, VOEH
BRLBRC BT 2EB I NORRELIRINCB T 2R LTWAR, HMuBRTL
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D W RRIC 2 3 A A O3\ IER ( incompatible elements ) Tk, FRFNEFA L~ LY FE
CDn, ZThbhHRRMCEELBERTH S LERL T Do

AW B0, HBIHEE - RN, NARBEE, HARREERDORCTY
V7 = TR, BAbKYA Zn ba v RI &Y & —OBEREE < IISFREE L DO
OB DS 2 B HLB L EFE S,

& % X Lo

1) Y.Kawano, K. Yagi and K. Aoki : Sci. Rep. Tphoku Uni. ser. M 7 (1961) 1.
2) Y. Masuda and K. Aoki : Earth Planet. Sci. Letter 44 (1979) 139.
3) J.A.Pearce and J.R. Cann : Earth Planet. Sci. Letter 19 (1973) 290.

4) T.].Bornhorst : Ph. D. dissertation New Mexico Univ. (1980).
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T = AHTOSn O ALY HLE

TEHEEH B
B Il R—BB

Impurity diffusion coefficient of Sn in aluminum at 893 K was determined

by serial—sectioning method using ""™Sn prepared by the photonuclear

reaction ¥Sn(7, n).

the self—diffusivity of aluminum.

§1. BULMHIC

The diffusivity is found to be extremely larger than

Sn Z L OWEHRMTAI-Cu &N G.P.V — v BIUWHEHEOHMRCZE L ¥ELr 52 5
TRELTEKADBNTEE, LasL, TOEBIS 1y, +5REH IR T FOME

BIC & T E T Al R 0D Sn DA IR
COWTEE, #€3K, Anand iz X T2
DFERD? BWEIh T %, 1K,

ThbOERY, Al DHTIEY B L O
Al O In DAWMILEY DT h& % i
LTRLTC5, BIEMDL, 2 DORERIT
BEWRZE LRI, SHIRAIFDSn D
MEHIBARBUIALFDO InDZEh L Db
MEWT EDbhb, b, #2 XL,

Al=Mn &4& 0D 2 7 100 sm DE XD
Al-Sn 5&F XAl -In&E&% I T9 K
Lic#k, 863 K& CHAHRTHE LIk
EOSn BLV In DRE S MEm LT
5.0 H2MpD, SnikIn X 0d aTH
KEIDBRKBEHBEL, TOREZ YED
DERMIET LB, Loz Y,

ZOFERIT AL D Sn DILEGEE S In D

Temperature/C
w—II
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10—13_
B
% 14
N
o
n—vsi_
n 10"
I | ] 10
10 11 1.2 13 14 15

/108K

# 1K Temperature dependence of
self — diffusion coefficients of Al
and impurity diffusion
coefficients in aluminum.
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FRIbDdpi D REVWTEERL, H1
Mo Al #10 Sn F L U In OAMILE
RO KNBEREFE L T %o LIch -
T, Al F D Sn DKW FREC A 15 BIE
THLLENRDHELEDN S,

AL TE, BFI71 >y 7 THELE
umen 2RV, INBEHRER LT,
Al ORlEGE K DIRETH 5 893K TD AL
th D> Sn ORI ILEARE 2 RE L 1o

§2. ERER

2.1 Y'™Sn OR%

&=y ME E LT, 99.999% O
B natural Sn metal % H\ ico £ D/
Fo2gnmESFhHEALT, REB
LINAC RI 2—RADKE7T—DPtay
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(b)
20

Vacuum Heating
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In(wt°ho)
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T

I*Claddin?——l «~ Core—
(1004

# 2 Concentration profiles of Sn
in Al-Sn alloy/Al-Mn alloy
composite (a) and In in Al-1In
alloy/Al-Mn alloy composite (b)
after continuous heating up to
863 K.%

Dz LIRS L, HBGEARE DI 20
FREHC X > TAHEBRT 5 HERESR® O RI
L LT, "¥Sn(r, n) KB L5 Y™Sn
(tp=14d), ™MSn(r, n) KB L 5
U3gn (t,,=1156d) KLU ™¥Sn (7, p)
RIGIC &5 MIn b b, #H3 K,
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ORTEC## 80 cm® Ge (Li) B8 (Al 303 ED) KLU F+ v RIHBIAF Fr VRV« T
F 74 % — (8100MCAED) THIE L1z, BHEHRMI0AMEBLISnE —7 v bDOT —#FA
7ML TH Do

2.2 HHMFEBIUBRAE

221 HEOER

REBOFIRITER 13mm, &S 13mmOFIERTH 5, BFIEBE L OB OF 5
BV T HIHI, #I8T3K T2 h AR Tkt isE LafTo o TOREI L 5T, 3k
FKENT 2 DF1cld 3 DOFEGRBID A Z 5 &5 I AR OREINE b i, BRER » K
PEBPRERS 35 L OB MEBHEED IEF THIE L, o TS SEIC Lico MRS L7 Sn % (HNO, +
HC1 ) TH#E#, dry up L, it L1 Na, P, O, (120g/dm®) ¥ X ' Na, HPO,
(60g/dm’® ) MBS A v FIRIC, £ OEAHEINL, 333K TA v ¥ Lic, HWEMEE
HED X\ Sn A v FEAE LRI, AW THESESHE, SnSOKTDA v ¥, BLUD
LALHCuA v F LI Sn A v ¥l bRALH, BEMO LV SnERE 5 2 & IHEET
BHoteo AT LESNHERICEEL CWEHATH, BRI LEELI v a=v I LThA
B ERKESG D Sn b U —4 —BREAF RS L, BRI L VWBRDE LI LIEAD
hize Thik, Al 9D Sn o/ ERBEEE, BILI 2T\ Sn oA R LU Al RE O™ 1L
EoFELBEGRY DS EE DN,

2.2.2 EBLEUR KUHEAROAE

ISn AR L TEAEE R KU Sn RO FEEIH T 5 10D Sn /A R ARBI AN, #9107
pa DEZC L1c#, He #H A (MEE 99.9999 %LU L ) THEIEHRE L 788, &MEAICK 30Kpa
DHe AR ANTHA L, 893K T 1.08 X 10* s DIBBE/R & L& T 10 7o%, hiiss
¥ LEAWLCESFE ORE L, THREFRE SCR B RSN ERE WK R B BHEEH
FFHC L - T+ 0.5 K OFREE THIML 720 YIHIEE ( serial-sectioning method ) THAEFRE
HRETLHE, /v a=v/iE, @BRAOKREI Vot — 2% AWTT, #562m OF
SOD L ERRO R & ERACT Dl Lico £O%HE, M ORI 100% 1K 5 -
oo BIDE S LBOBR G, BERFEZHVWT, #FR0BEZEEL, SOLAROERY Y
= e RTF AT —VHBOT X NET A s A — & —TREREE LT, TOFHE»D
BREYREL, ThLOBERYAWTHE L

WHO r—HOBEE, HIXKR L™ Ind 171 keV O KA EEFRE b '"™Sn D 156
keV O I HE L CTEAE T X 2BERTDIBE L 11T, "™Sn OB AEHEE % Nal
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(T1) BB TRE L foo YIHIEE CHBURBUZIRE T 556 O Fick DI OH 2 TR D

BIIRATEZ BN 5,
C=C, exp (—X,2/4Dt)

(1)

ZZT, CBIn & S -BAPREENS bL—F—DBE, C,3RID L —Y —DEE,
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NKEL, Al FTE Sn BRI REL BT
HZEbhoto, BEMBEL, WELC
(WREZHTUIHT, B2 R EC L TR
E Lo RBRT — 2 1F—2DERKC LD
STWB T Ehbhb, LDERD IS E
o, IREGREEZRD, #4 RAPrmrL
Too 5 KL, KPR TREL K Al BO
NS OAKEAIEE R E A Al D Sn?,
In, Cd®, Zn®” KLU Cu®) O # 5
BB UM Al O E CHRBERES Y @
BEERFELHEL TRLIZLDTH S,
AR TR L 1 Al FR o Sn D ASHAHE#R
R¥0E Anand HIC LA E? KLU Al D
In OAEWIEBEREY L Db KREL, B
2 MR LIS OFBRY BB 3 5

diffusion of '*"™Sn in aluminum at 893 K.

Temperature/T

690 5(l)O | Z.fl)O

lf( Beyeler)

I

l I

12 13 14 15 16
T10°K

# 5K Comparison of impurity
diffusivity of ""™Sn in aluminum
with other impurity diffusivities
and self—-diffusivities in aluminum.
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Al D Sn B IV In DIEGEEDOK/NBEFRE S I —FKT 5,

§4. & %

AHENS, Al FD Sn OFFMWIEGRE D Al OHCHBHREE D b 1M EL KE L,
Al FOMDOTLROAFPIEESAB L D A D REWZ &b ol TITHE, Whd b
Tt i D five— frequency EF VI E - T, Al 0D Sn OAFIMILE HMATHEFE H 2
BB T 5, 86 MITBER2ABEC L > TSI T 2B E0E O K F IR 522

Al atom
@) Wo = jump frequency of vacancy
O /}/\ in ideal lattice
J 7\ W, = frequency of vacancy jump
I N0 / to NN. shell
O’\ / N O W, = frequency of exchange of
e 4;;1/ vacancy-impurity pair
W; = frequency of dissociation
acan/ of vacancy-impurity pair
> O W, = frequency of association
C ot vacancy-impurity pair
Impurity

6K Vacancy jump frequencies for a vacany neighboring
on an impurity in a face—centered cubic crystal.

& hickBE 4 5/ MM B LORLOBERT (2 ZTRALRT) L O THERET 5
BEDEEORAD Y v VTRERR LT b, RHIZADBEAEZRT, &Y+ Y 78R
FEDBEIRIIE 6 KfitR Sh T b, HCHEICK 3 241 W8 o X/, 56 K
RUIW, ~W, DIEDO AL LT, KA TE 2 bh s Tmiks OMBIRE (f; ) OEC L - T
LEEE B

W1+ 3.5W3F {W4 /WO }

= : 2
4 W, + W, + 3.5W; F {W, /W, } @

T, FRW, /W, DB THY, 2/ThH 1 ETOEONRENRT 5, Thebb, Wi /W,
=coDRFIIE F=2/TTHY, Wo/ W, =0 DRI F=1 &Teho Nty L22H L DRSS DS
WAL, F=1 & A8TE %, fi FBRER X -TERTEH, 0<fi <1 0#EBEH 5,
Al 10> Sn OARFWIBC N $HW, ~W, B LU fi OfEid, B, SbhThieL DT,
Al DM DOTLEDKERID, TRODERHE L Th b, HTIHREI DB LT
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3, MR, W W, D BNEIE D, T0BE, £,<fi <1 OBRBRIIT 5o O T,
o HOSTITHEF rhCHZZFLSHEC 5 B CISBOCR T SHBIRETH D, £, 12 0.781 10 L
Vo RIC, BTN R 0 bRV LT, Wo W, L0 bkE <reh, 0<A<fo &
RHIENTEESND, fi 13, BE, AMBEKO FAHEORRI LRDEN D, LD
Ba, fi B BICRRR TS 2SR AR (E) 2 HRE Shao

( Ma/mﬁ >_1/2_1

E= =f 4K (3)

ZIZT, DRIUmX, ThZh, IMBFRAR IVOEETH D, hFE(aB LU L)X, £
L RAMEITRIET 5o [T B OB E 3R OMBIGRE TH 5o AKX, IEBURT H
Y + VT OEFOH R e K1 vV MR AL EHEFR*EZRLICHIERTH S, Ex
HBAMICHSE L, KN R 5 L Conig GRS foc @IRTIE, 4K~0.9) , A%
DoNDe HEkK, Al FOTKIM IR O FELERH RORR LD ENRE IR T 5D Ag?,

Cu™ $LU Zn® EFThbo £OMED LA TRE 1 Al i Ag, Cu B LV Zn O
fi OFKEHRE 1 RIOR I T W5, Al OB L D b B Al D Ag KLU Zn D f;
o kDB INELC LB DB B, Wi ~W, 1§ H T IO ERRICN 5 MmO S
DRI ENDRESL ZEMNTE S, LrL, Al OLBEESBD T WK, Al O
HOIEEOMELAEET, TO X5 iRIEThh Thitbe LIchi- T, 583k, Al o Rl
WHEOC T B W, ~W, DR RBE D T\ h 5 foo BL, Montl Hid Al H T IRBuEEE
ME L < B\ Fe DA IEE S MOssbauer #hH A7 hL D line broadening D5
FRRGMER I OBRERFERFELSHBEL, W /W, Wo/W,, Wo /Wy, W/ Wy, Wo /W, ,
Wi /Wy, fi B L By (BILERMHREFORETF LT =) HRE LT ThbOR%Y
F1RITR Lo ZOREDS, BIBD X5 W, VNI @il W /P 3T & B IUW,
BLO By BREWZ EDPh 5, Al FD Fe D X 5 RS THEGE E DBV AR OBHIT
W, 2L, RO EH DT " rolling cage " DEORALBLBELLY vV TDADE
LI b, AWIE T TR TE RN LR L CEETE b, Al B0 Fe OHIY
BB ARR IO Cuh TR D EL K BV IEBEE %R ¢ Sn, In BX O Cd B¢
BWo /Wy, Wa/ Wy, Wo/Wo BELO W,/ W, DED iICFESWT, Al O REDTTROAMAHR
BICR LTERREINTNIR fi, By BLUOEY v v THEOERZ#E L, 81 RPIR
Lico 1 RR LIAERNLD, Al B0 Sn OB OEE D Al OB CiIR#OTh LD
LREVDIE, W, B D REWESNT, Wy, W BIOW, DY+ v 7 HVEERICEZ D,
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1% Ratio between impurity diffusivity and self—diffusivity
(Dimp/Dilelf), correlation factor(f;), various jump frequency
ratio and binding energy of vacancy-—impurity atom(By;) in
aluminum .

Impurity DDt fi Wi/Wo Wo/W, Wo/Wy Wi/W, Wy/W, W,/W, (f\v;)
Cd, In,Sn >10 <0.5* 3 * >10* ~2*  rather®
strong
(>0.1)
Ag, Zn 4-6 ~o06" >1* >3%  ~2*  weak®
(Mg, Si, Au) (<0.05)
Cu <1 ~0.8% >0.5% >0.1*% ~10* weak*
(<0.05)
Fe <102 0.3t 2x102 104t 10t 15 . 102" 102t 04t
(Mn, Cr, Z1) x 1072

*the assumed value in the present work, #the estimated value in the
present work from the experimental value of E and Tthe determined
in the work of Montl et al.®

Sn ANEMNEL LR 2 LB BHIMBRBTE DD ETFREND, LDOHBE, B, OfEd, 4
RIshHb, WS SAhKREWERDRS,

§6. ¥ &

Al D Sn ORI D EE D Al OH CHBICHE L TED TR\ 2 &%, 893K TD
IR B DRED bR Lico 48, Al FD Sn ORI ILE (R % K\ EEEEEER CHIE
L, BBD/NN T A =2 = (DB LV Q) RIRET HLELSHH 5, &I, Al-SnELiE
% Al OB CIBDREZR ORE %, Al O HCIBREAD Al 0 Cu D R IR BuC
BEFLVWIERERLT, Al Ohb O "Cu BT 2, W~W, Y v v 7HRERD
W, LDIEEHSERIMEONETHA D,
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oD H CIL T B 1 5 FALAERN R

T8 & 8 # 8
i N Sl

The isotope ef‘fect for the self-diffusion in copper at 1350 K was
investigated using the carrier—free ®Cu and ®*Cu prepared by the photonuclear
reaction **Zn(r,p2n) and %Zn(7r,p), respectively.

The isotope effect factor (E) is 0.746 at 1350 K, indicating that the
mono—vacancy mechanism is predominant in the self-diffusion of copper at

even the temperature suffuciently near the melting point of copper.

§1. ILBHIC
SEHEROFESICRB VT, TVYHE LT A= L - THEBORE 284, IMERB (D) it
— KRR TEZBh 5,

1 .,
D= 6 I'r (1)
ZIZT, TREFOV+ v THREZX L TCr3vy Vv THETH:S, SHEBELTVWAEFDOY v

Y THEBRUEID Y ¥ v THBRIAKF L T 284, WHh SO RO 1-nic, (1)
RIIKRDILH>BIEI N 5,

D= -é— s )

T, fIHEBERREFIN, MAEERJOBEEB TRESL, LIth-T, f2ERDN
WRDBH LT, RBEEOBIC L S TBOTEETH 5,

BAETORSE: bV —Y — L EBEROBE, [, A—IRD 2 BRORL 2 Rk
DFER Y FR R BOREE & AR CIEREICBIE L, RADHRD BN 5,

(%%)—j=:[<§§>_111; (3)

LIT, BFEARBIV OO IR FTIEE MBI U mgEHBL, 1 BUART foa=J DAL
T 5 2@BEORMEDBERD/NT A — & — 4T 5, RFOBEOER/ILT v 4 1L v —hiFH
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R OBRCAKRE Lis W ERE L, HANFERRET OBIREY A% & I'y/Ty=(mg/my )"
EFEPT B ENTELDOT, QR VABGREUL 2 BRORMAE DI L L OHERETE
bTENTES, L, L THBETFOY Fv e KA v b TOBET 3R THOSHE
MERHEEERAOLDI, BECE, ORIBBHTERLAD, KOL D e AAEZHRHFH
(E)DBEAEN5,

E=[(D/Dp)— 11/ [(mg/mg) ™ —1]1=fy 4K (4)

T, MIEE (4K) B Y « v TRPOY Kv e R4 VYV FREBWT, U+ V7T HRDEER
KA BB AV F —DENKTOEEHPEBETF B L TWAhE2ERbIRETHD, 0<
AK=1 OBHET 5%,

MSBOACKEAE Y AWEBESGE T L= 7ay b LIHE, ERELLTID
CEDNLIELIERE SR T 5, TOBBOBAI L 5T, IEBORMEHRORBRIIERR
INTW5b, AR TIE, BERIGIC L - T, BEELNLEDHHMORME, “Cully, =
3.408h ) B LU Cu (t,= 62.01h) NEHETEZLBONL I LIEBLT, TD 2
BoRMEY BT, SHOBSIEDERE TOHCIBORMAERIREHE Ll %K, Cu
O A CikEk O R AR R % T~ & LTk, Rothman HOWE) HME—D L D TH 5, L
BLIEh D, HHFEEED/N I HCu/Ca EHAWT, BE L E R B THY
TS IRBCREE A BIE LT B0 LIchi o T, B HHT - fo ERROIEE (1333K) LD bEik
HEETORMAEYDEY, LOBEOBVWAHETHEHE TS Z MBI ATV 5,

§2. EBAE

2.1 ®Cu& LU "Cu OEE

Cu DML, TTRERIN TV LHESY UL TV 50, “Cu OFFIHAA L
fedic, BEHE THRICK bICBORICAE T 2B BN B foo 4 —7 » MPELE LTL, 99.999
wt* BHIED natural Zn metal ZHV e X OD'J\H‘ lg #ARERHEAL T, HEM
LINAC RI 2—2K&7—/VOAE V=5 —DERICEVTHRE Lo 50MeV OHlB)
HE T CH 8 BRI L oo & DIBENC X o THET S Cu 0 RALE B X O D& ik RIS,
$47n(r, p2n)¥Cu, ¥Zn(7, p2n) *Cu, *Zn(7, pn)®Cu, *Zn (7, p3n)*Cu, ®*Zn (7,
p)Cu BLU ™Zn(r, p2n)¥Cu Thb, BHt Lic Zn % HC1 THME, 2N HCl HE
ELT, O UHBEDOZn % TBP (Y vEENY 750 ) THESEEL, KBB4+ Y
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kg ( Dowex 1X-8) D)

5 AKHL, 2N HCl1 TCu % 10° L S S e B
SRRt W1 R g
ORTEC#:80cm®Ge (Li) # 1)
3 (R 12.3%, SREE L9 55;105
keV) S HARFEF HHEZER 2 v E .
o =X —ff<FF vV 51 :\'-:(, i
3
TFIAHF—v AT ATHEL C 0t
to, WHELIERD r— @A~ O
I b TH D O In DRAD o
<, 3FEEHD Cu o FEAE MRS 10 | x | I ! | !
0 200 400 600 800 100 1200 1400 1600
FLTCWBZ bbb, Itk Energy/ keV
SEEREELTIL, 5P H O sl 81X 7r-ray spectrum of the mixture

(% Cu+%Cu+%Cu ).
Ef@ HC1 %Fﬁ\:‘fio

2.2 HBEERB LURHTHE

2.2.1 HEOER

ABtoMRE, BEE10mm, &3 10mmOMFERTH 5, BAEHE LOBMBIRSOF
GuP i3T5I, 123K TL AAU LD FiFELE L2 oo TOAEIC X 5T
ARIREIC 2 D F 1add 3 DORERRIN A 25 L5 AR RO R 18 b h i, RBEE%
k7 B B 5 L OV B BE DR T CRIBE L , FD TH® LI Lice H, SO, &l KB
W, B L CadD b V=Y —DEAWIET AR L oA » FIT, EEED Cu A v F 51T
oo ARIOBRFIO 1 —RBEX 12Ci Ll ETHD, Ay FEOE X 10mmU T TH 5170 75
B, W T LP b L —4 — RREEEC X - GO B BT 502 %45 129,
Fokhan B 1mm ORI A v FhLIeH 5T

2.2.2 HHESEGE LR ICHLEAHORIE

Cud b V=¥ —%ME LA ETERECAN, ¥1072pa ORZERC LK, BME (>
99.9999 % ) ™ He # A CHUBIEHR L 1ctk, HAHNT 20 kpa D He #H A X AN THA Lo
Cu DRI < DIED 1350 KT, 57 FHEDINESE L & L T - 1co HhlkBE/c T LR, ¥t
A1 mmBlDE s w7 Y a=v i, @BRAOKREI 7o b—2 %AW TUT- 10
Z OB, EELR L R ¥ O REER TR AZBEEL, v/ va = v/ FOoRBOEH XL L
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Too BiDE S -BOERL, BERFLAWC, BRoEEYHZEL, SOREABOERELZT
SRR A J A — & —TRENE LT, FOFEEE B LI L - THERREL,
Tho0ERYAVCTEHE L,

T — R O Nal (T1) BHZBR L0 Ge (Li) BT L - THE LT, YRR
T®D Fick DI DHE 2 HBAOME, RATEHEZ LM%,

C=consteexp (—XZ/4Dt) (5)
2T, CIEBID & o oA ORREEE, X, 3R OFLAHRFOE £ TOERE, DIk
BB LTt IIEBR T S %o

2.2.3 RbHEHROME
A—TCRO 2 EMEO R G (¢ B L0 ) RIS 1BE, B BRI

Bhih b,
In (%;) =const. —1n Cy [(%;) - 1:| (6)

Lo T, B)R&RMmD, (1—Dy/Dg)id, In C¥ In (Cy/Cp) 7Ry hDT HEDHRD
LhACEnbh b, AT, C BLY Coid, Ge (LIDBHBTHELL 7 - AN
7RO Y — 7 EED DRI, FOHE, -V HEBER-A T4 VE—RREBET ST
07 S5AY > TetBE LI, “Cu BI U Cu k35 BRD C%h, £hEh, CrB LU Cqy
LB, Co DETERIZ185keV DE—2 Z LT Cy DEIILIE 283 keV D =2 AT,
FoMIE, “CuB LU CupE—/HBEOFHBEOLEHO—FIERR LT 5, ek, FHAF O
T8 AR M EREET ABE, 3 mm X 3mm OABEFEC LT, Ge (Li) BHEOH

- PERAK #:5 A1-2 ~ PERK #:6 H1-2
> 1 CENTER:185.77 1% CENTER:283.99
¢ @JSTART :162 < START :273
@ S 8TOP 286 ®124{STOP 1289
-t B -t
Z o7 Y10
5 4
X © o
z =
5 " 3 ) AL
G g
Doy ..
:, 4.‘.-...,‘n~......m|~n-u"|| ||. e
2 2]
11 ..‘...............mmumlullll"l ll-...“........,,A,,,_,A,,.,..,,,‘. .
] v T T T T 8 L— T v T T
1€5 175 185 195 205 260 279 280 299 e
CHAHNEL (x19-8) CHANNEL [EETELP)
(a) (b)

# 2K Typical spectrum of the net peak area (a) 185 keV (*'Cu)
and (b) 283 keV (%Cu).
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O 2mm EDT 7 )V WilREALT, ka7 -7 TEREL, MEOHMENEELE—IZ L

1o o

§3. EBRBREIUER
3.1 BCHmEAH
B 3RNT, BRBRORAMAEBRERH 7R C# A H B3R D1 1350K TO Cu 0 H CILE D
BB EMBE TH S, Ge (Li) RHBTRRE L
Cu B LV Cu o & — 7 T SR DI IBRE
HiAR, bR Cu B LU “Cu B+ IBE Lf:

10° : |
1350K
342x10°s

n
%, Nal(T1) BERTHE L “Cu kBB E T 106 _
B BB L OR L OV Bo FhHEROC 5 AiC i
(BR A L TEHE L IR 56 | TR Lk,
- Y —]
SICu DIEEEDN “Cu DTN LD REWT & 'é 10
L OTRIBIC L5 “Cu O R ANTIE—B L g
10° Ge(Li)  —
Temperature/C
1980 1060 1040 1620 1000
"~ Present (o ®Cu _| 0 ! 2 3
- el o - X2/10°® m

_ # 3K Concentration profiles
for the diffusion of ®Cu
- and *"Cu in copper at

in 1350 K.
{3 - 7
fai #13%& Self-diffusion coefficients of
B | copper at 1350 K. :
DZ,=8.77x10%exp(-219
eV/KT) m2s” : -
Tracer leﬁ;SlYllty Detector
10" | [ (m?s™)
73 75 7.7 79
T/10°K’ ¥ Cu 5.65 x 10712 Ge (Li)
57Cu 5.46 x 107'3 Ge (Li)

84X Comparison of the self—
diffusion coefficients in 67 -13
the present work with Cu 5-50 x 10 NaI(TD

the previous work.
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TWBT Ehbhbe HE4KIE, AP TGe (Li) BRIEBIK LT, - A7 broY
— 7B, DRE LT Cu OHCIS R L, SERAOEEEE TOFMsRE,» DRE L1
FOTV=YATay b9 LRREELGRL T 5, ARORERIT, BEFELZIT—HLT
WHIEDbhb, L, BEPLTFEINDL LD L SAPVPNEIDIRIL 5 THBDIE,
IERERIDE D D 5 1o T & EBRA B B LinisL,

3.2 R RER

FH5IE, “CuBLVU Cud
v — 7 EEOMERRZ ORI D
TEDILDTH Do RIF—2D
BRI T — 2010 5 T b, b
BODIT, Cu/%Cusf & v
72 Rothman HDERBRINT
W5, BHE DB D, SCu/*Cu
& AW ICRBRRERD D, KD
PACFRMEHREZR LTS T
Lhibirb, BRI L - TIREL
12 1—Dg/Dgg BLUO E OfEi%

C T 11 17 1T 17T 17T 17T 17T 17 17T 11

- 1334K q.
=C 19
Q- 45
B d9
er Jc
=E -
Co 1 T T T I I
27201918 17 16 1514 13 121110 9 8 7

In C57

# 5K Log ratio plots for the isotope effect
of the self—diffusion in copper. Each
division on the ordinate is 0.01.

#23% Isotope effect for self—diffusion in copper.

TEmPEratire 1Dy /Du 1 —Der / Dey E Worker
1350 0.03422 0. 746 preset work
1350 0. 0336" 0.734 present work
1333 0. 0151 0.668 Rothman"
1271 0.0157 0.695
1219 0.0156 0.690
1218 0. 0157 0.695
1167 0.0152 0.673

P

a) calculated using eq. (6) and b) calculated directly from the
experimental values of D¢ and Dg
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Rothman HDFER LB LT, F2RIR L, bR, 1 ERTTRRLEL Cuk LV
"Cu DIBRBUZ EE I H B U CRHE LIcEd 7R S h T b, ABFE TD E Ol Rothman
LOEL DL TR bREL oo foec BT IORWT, BRI X - TH BN

R 5 BE OMBIGRE OBEEREL 0.78146 Y TH D, IHIL, 0<UK<1 #ERFTDHE, A

M THREI N 0.746 &\ 5 EQOER L OEHREEL L —HLTWAH W2 L5, DR
FEBED 1350 K IIEZBABRENBEVWEEZ DNARE THLY, Thibhdb b E hiHE
FUBHE OBREIC I < 75 5 7D, S B CHBUC W T E AR L 2 kB oE 5133
EREEBBTEDLL L AR LT 5B, TOFHIL, HOBCHBEROT V=7 272y BT
B4 2EBROMEY Y L—BT 5,

§4. ¥

S D Cu OBEHE ML~ —(¥Cu KLV Cu ) B XU Ge (Li) BREHRZHLIE,
Rk, WENRETH - 180 B CHBORMEHRABE LR TE L LD 5T,
S8, TORBAERRBEBORERFELFH LSHETILERSHH S,

AP ERRE N, “Cu kLU Cu OOHRBEICHETE NIE I ALK B I R TR
WIE faskk AR I JE < a9 %o

& % X ik

1) S.J.Rothman and N.L. Peterson: Phys. Stat. Sol. 35 (1969) 305.

2) BER—RB : BERMPTIEERE 12 (1979) 229.

3) M. Yagi and K. Kondo: Int. J. Appl. Radiat Isotopes 29 (1978) 756.

4) S. Fujikawa and K. Hirano: Proc. Yamada Conference V, Point Defects and
Point Defect Interactions in Metals, 1981, Kyoto ( Tokyo University Press).

5) S. Fujikawa and K. Hirano: BEHHEEHRE 15 (1982) 127.

6) J.R.Manning: Diffusion Kinetics for Atoms in Crystals ( D.Van Nostrand,
Princeton, 1968 ) p. 95. o
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150 MeVEF /SR E—24L ¢« X hLw F 4 —

(SSTR) ZEAFGE K O fE

MERTE, BB ez
FILEW « 58 W« REEER - Mt
HHEA « LW - mEE-T e s
WS — « FREA « ILEFAF « TR 52
B e EIBE - B AT IR R
BB « R

150MeV BT 7SV A=A « ALy F o — (LIFSSTR &8 ) ITBAE, HAMEME
DREZAED D L FARFIC, HFEBEECET - BTRRAIEBOT 2 N ERIE b — L%
LT\ 50 SSTR DEARFRTHC OV TCIILRTICBE Y2 B STV B0, 2ok, ZHE
ShIEZbBHDOT, CIRDLHFLVERERFTOFICT S, X, fFeTSSTR 1 bW D
HEnfc b — 2B ODOWTHEHET 5,

§1 # 3

SSTRIGYV =7 » 7 b/ IV ARDESF € — Lk, —RHCERL, KO/ LANKS
FCOM, PTG EHTHRCL > THRE — 252 F5—BOEREY v/ ThHHMN, —BO
EWY v/ LS TSSTR I RF MEEBE B2 LA Ty, U v 7% EET 5 ET
vv/ubavEEEL), TxAF-RES P, SSTRIZZ O x4 ¥ —BE¥EBYIC
FRA UlcB—x x v+ —H ) H L ( monochromatic extraction ) %8 LT~ %%

Dy 7T OBRITREFBEETIIFABRO L -2 « b T » Z7RROWTHRRE LA, 52 £
@Ké%@ﬁ%#%ﬁ%%ﬁ@ﬂﬁ%ﬂﬁbhoﬁml%&@ﬁb&b®%®%§%%ﬁ?%
AN—AZENBRCER Y - 20ERI TN URAERAC L 5Ty FERTT IR L &
i Lico

1 SSTR OBBE % /R Lco SHBOBBRECOWTIHIES K LVBEN D
5% SSTR YUY/ X 8ADRAEBHEA (M1~M8 ) RUKAEERAICL - THE S AT
%o

T B&E BEAKR¥
T BlE v=—HKaHt
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2BDF v H—EBA (KM 1, KM2 )€ — A ASRHCFEILE % 21t &2 5 & v
bh, SV ANUBERAG (PQ)IRR—2 e VIRBR R O ¥ —o8B8%K ( 7858 ) %
ZLEHLOEREND. X, HERAEROUBERA (FQIAHEIA TS, N
BERATIEHTIEDHD, £05HD 1R, BEF-SBERA (HM) (ZREERA O/SMBES
I HHETORAGHN5, fid 34/ (HMD, HMP, HMR ) i334%] 1 & @ /L AXREBER
AREZLTHD, BROBGEIBCS T bhl, HMD (B ) iX=44 %R 2 FIH L
TE—LZROETHADIDOTHAN, AFRCINZHBKLI-EFFR L TR &, E—alk
7 LABEHACER L TERbhAERCS, ASRICHMD 24 THb A A VWORHD
D HMP T, ARG IEREN BRI IND . X HMR ZIR O LRI, ©— 20—
EAHETLIOLHAVONRE, AHRIRAMA 41.25° ORAERA 2/ (M9, M10) , DUk
BRESH (Q19, Q20, Q1, Q2, Q3), 7 XAERHA 2H (SMI, SM) MBS,
X, RO L —sid+ 72 ABB (SE)DRLS>THOROALE, 3BOLT2L2BHRA
(ME1, ME2, SMEDRL-TY v Z/hblROMER, 2A0RAERE (M11, M12)&
3BEONBERE (Q4, Q5, Q6 ) TEFHEAMAANZ A -2 - (LDM)KRINS,

§2. EXHE
LIFic SSTR ODEARKFHD S bEELBDOIH DR OV TARANELFERLT 5,

2.1 RASHAOBHERUIY VY IDKRES

SSTR @V v 7 iR 45°, MIREE 0.8m D 8 BDRABME L L > THER I AT
Who 4, 8HRDORABHALETNY DRCHBZEROACL > THER S TWHIE/ AR
DY v I hEXLD. TORRILY v 7T, RABKANTORTFOBEYXE (0 ), RAEK
AEOBBZEHE (/[ ), RRAERADOAHSAE (5)
DIODEN) VI DERE LS, 5T, £HEELLT
KEHEAROLEHFADOS—Z b v iREK (v, v,)
52, Blp, I, pDOO> b 1 DxRDdAIMD 2D
DEBF—HBOCREI NS, (LKL, BRACKERK
BHBLHEIL, TORBIERCANLLEND
%5,) SSTRELOE—LDOBMOHBLIIZ Y, =4/3 D

#oX RABREOHR.
=SBKEELFIETE0OT, 8BORAEBRADRIC ' ;§§E§é=%),
IBAEFEDOS— & b o vEiE Fhic+ 538 Wl D [ : EhZERE,
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V=130 EFBo (E— AED U A ERGE OB <, B0 LT 50+ — 1k L
FEFOS— 4 b0 EBEE v, =4/3 ETihe )X, WEFAEO <=2 koY EBHE
v, = 120 £ LTHEF? & T oo #=0.8m & L, BRAOHEH sharp cut off UKD &
RE LT 1ROTFEERFTS &, RAERADOALSA £=10.631° , ERA RO HHZEH
EI/=1.218m 7B LN %, X, WRESOBRE*REbLITHR K, & L TR LERAGTH
WHNAE (K, =0.45) #{EH$T5L A=11.565°, [/=1.358m &ink (M1 Do E
FAOREZTC O ETTbhAIA, K, OIEHE o B SEHNCITEEDOERA DS i OR
EREE S THRDbALF TR DIV OT, B TEIENA BT ERA ORMR TS #38cm
FE DT LR T B (T DG E R—veF v TERSE ), RICEEIT
A>T BRAOHREELL, 70/ 5 ATRIMEPAWTESS M OGENTobhi. &
5 LTRE - eBESH M 248 - TEUEBIEIC L 2 BB TE 217 - 1o iR, RO OG>
LESE T COERM 0=21.5mm, K, =0.355, p=11.32° B’ bhtc, M& 1 ik
TATFIETEDOERTY, BIFRABERENELNDOT, 8RDIL1IAFTDR =L F v T%
FofEts > TMITL, Wk A - - EBRA ORBSS M ORIE 1T - foo BRIV Tk
DRCELVRE 2B EDTEREERB L O E v, 25 LTEbRICEES S fi & 2
LT, BuEBIEC L 2B E M Thh, BREREERELT 0=22.5cm, K, =0.2969,
ﬂ%iLmsﬂ /=1.3057Tm BB bhi, 715 54 TRANSPORT &L ATFIRHEICN T
HITIFE LVERELNTEDOT, 8HADBRADE /L« F v 7% EOMERE - TIMT LT,
ML@%%,SMR@I%@E%@L=w4nm&KOtO%%%kﬁﬁ%mE®Rﬁé.
IR T AHR B0 LRORAERA ORE AT 41.25°, AHSAIE 11.381° T
H5bo

X, Vv 7D 1EM (2 O0BMA DAL OROPREET) DN — 2BE%H 4K
R LTco (RDIFRDWTITHMIE 128 )
2.1 N z2EEEBE#HA (PQ)

SSTR ~DE — ADAHKFCI, =24kt 7% 2 BHA (SM) OIFFERASXEL DT,
V= AHED 5 T SMIRERTIHOE R LTl bty SMAET, T x/LF —
DEH = LPER S W T 500V AUBERA (PQ) TH b,

iy o(0=L500) s OHTOTEWHOBLE x(5)= 1(5)0 EEDZNTo 718
0

ITRAVF—DEBIREFIENLET, DBV E > TE -4 SMAATIENR LI WERICT
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(mysr)

(5;}

M

0 1 2

AN SSTRDNGO—HR 5~ 2B,

s(m)

BHIE, TORTr 2EFCTHLE
1o DA i BT IR
AMS5 M6 O U ER A
(PQIYBLONERTHSH, TOD
RRCIZ PQ O I A B I ESFICT L
n, M1& M2 Do BB 2RI
blesTr=00"D, ZTOEE 7B
B THENRHKD,

EZAMMSE EME OFEDXENE,
-0 LI v ERAETAD
T, PQ%& M5 & M6 i s i &
THDIRHELL, PQEM6RHFET
BE Ld e by, BEORE

TiE PQ OFFRAME OEFREEMHD 0.3m LR 2B BENr LT 5, (M5 & M6 O
BB 0.3528m THT5,) ZOFELEETIE SMOMEBET 7=07127'=0 LT5%F
ERATHEC, 7 B SMAED b5 — M TOATE THENLRD K, LOMEEREL:
B\, BAEDORITIESMD s5em#EH (2 DEEAS A LTS ) T 1B AT g HHkiIC

LThbo LORREEHT, TAIECLAFERITH & (& 28K,

PQOMEL LT
0

k=L6m3mﬂﬁ@5n50tﬁL,kmk%=-;-a? FHEINBETH D,

0

5|55 (m)

4

3t

2 -

1

0

o] 2 4
] o 3
M2 M3 KM2 M4

Aft=
#F5K

6 8

1 oD
M5 PQM6

kpg=1.653m""
kp0=0
10 12 14 s(m)

C3J ooc30 —
M7 o MBKMI M

<
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AGHEER OB h B LB = x v ¥ — G5 8BSE.

E— A AHRC PQE BT HUIASR T 71=0 L7850



C T B, WHESHEET,

_ pc(GeV)
Boy = ~02908 (T:m)
L ->THExbh b,
o inj.
§=0%
. stored}
e Vxm2Vy ==l
1st order res.
—-—2ndorderres.
——-——23rd order res.

H6X SSTRDOX—%Z b VBB & LB
B, 8B OREEREDRCL S
(VI, V,)o
B PQ AR £ TR Lo
(Vz, 14 )0
B RABRED T~ K0T
v TR OB \ICEEO

(Vx, Vy)o

CORED Y v 7 —HD n BB EEE 5
Rim Lico ORI PQR IR L
72 WRED 7 B b RIRF IR Sty A,
X, PQEIELIFREON—4& by
wEVET, M 1 T Lo AR
B 2EMPHETr,=1.223, v, =
1.286 &K% %, 58 6 PQ %%

2817

€200nsec
| [¢20nsec KM 1
" ,’/I Q\« KM 2 KM?2
T ’
. 100nsec BEAM INJECTION

€« 100nsec

-200 0 200nsec

l BEAM INJECTION

|<— 200 u sec ——>| PQ

SM
HMP

1

-100 0 100 usec

IR AN ABROBRER.
8(mr)
10 §=0%

5 2

77777777

LIcREE ) 5 el DR — & b o v HiRED 30
BOBEDOKRT % 3 KT TOHIBHE -
FIR LI, PQOERBHIE TR
DB BRI, B8 200 sec D IEGK

0 20 30 50 6
x (mm
5

i

FER AS - ADOMHZERIRDG 58X,

A L TED ¥ — A A5 100 #sec

RHEB I ALAEZEE~D SMOEE,
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BBLT, PQOEELRCYNIETE - 20O LAKE 5,

2.3 v H—-BHE(KMI1, KM2)

V=T 97 hbDBRFE—LF 2RDRAERA (M9, M10) RO 722E/BA (SMI )
AL, v 74 AEMA (SM) OPICY v JICASM S Do T R DY HEBLE D D DR
B oxy & ThHo ABINIE - A TPEIECE TRE LA LERETAEC KD, nElik
H D SM OALE TORF DIRALIL

x=zxgcos (2znvy+¢ )/ cos ¢ (2)
THEZbND, BEEEHE 22y, DBEBUCT\MEXIRS &, BT ORI x, CIFEEE ebn
L, TOREFII SMIERELTEbADLELIRD, ¥ v h—BEAL, v —sDAHRCE
Bl % — RS SMICE S 2 & %5/ SV ABRAT, € ADAMDK T 5 LHF
B SM T BRI bR By F o 5 — BRI OB ¥ 15 > CABEFICFEHE S SMICHE
ST AR, IREIDIEIE x, / cos ¢ 13F v /1 —BRADEVHE KN CHERE NS M
KIS\ RGN &L e b £ LTH v h —ERA DY b 7ot TIFEEE S M2 LR
h, thicEdbl-oTe—23b ) Y 7 OROLHAEIGIERENLDT, £OK, E—LISM
RS 2RI RBRBIDFLIL Do 2 OROMMBZEMICRG 25 £ — 208 & 25 8 KR
Lico % v h—EREAIE 2 EEEH & 38 HoMchigs, 56 HIISESCIR T 5,
SSTRTH2BDFy h—EBEA (KM1, KM2 ) AMEAIhTW5, ZhiZKM1 —SM
—KM 2 OGS EG CEERELEL I, S ANUBERE (P Q) Db AM T FiEE
REE G X IO NRIC LA TH Do ZORRIEMAZIBR I 28I, KM12DKM2ET
OO EL %Y # & FTHIEBV. T L TKML & KM2 O EfHERK SME EE T ERWE
Bannde VY 1AOKMERTLIX21=2.6 1T, TORINI154T2m THLND,

0.5«
2.6 @

BEROEBORFE,LL, TEFOMBICKM 1 2#& < FEIHEEKLVLOT, KM1&SMOFDH
IFERET 2.5497Tm & T AFI Lico KM2 OEXRD KM1, KM2 OMEZHT ORI LT
Wb, ¥3 KM1, KM2 OAAYTATN 6,, 6,, M3 O ERRMER H KM 2 R
FTOE#ALELTKML A KM2 O TOfTAIERRD L0 RICLDITIN%AE -
TKM1 OAOT(x,=0, 6,=0)& LIRRic KM2 HOTH (x,=0, 6,=0) &5
¥is 0,, 6,, L DfEXRDD, ZOFEERETTHHERLEL-T L=0.460lm, 6,=

1.01226, PELNT, kXL, ZOROFHETIE KM1, KM2 OFZKEELTO0.2m %

KM 1Hii& S Ml DFREES X 15,472 =2.975m £ THIERB W, 2L, o
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RE Lico X, ASHE ( SM O 5cm ) TOREHEOBRBEHX(mm ROAKSe & 6,
(radian) OBFRIIFTFIEFEIC L DEHEIRD HHFENLHREKT,

X=1796.4 0,
©=—0.3613¢9, —0.178¢ (3)
(E_tﬂéo

F v H —BEADBEIL C — LD AHRECFEIEY &2 SMIGESHShE W5 HR
BIfRL T\ %0 BRI L AUE, KM1 OfFIEA 6, % 0.01 radian & LKy, FHBLE DY
18mm BEN$TAERG DD, COMEIFE - L2ASHROELTAE X LHACITSTHLH,
PQAEINIBOEETEZLE A+ THD, E— LAHKRIE, PQo@Eic k-
T SMALE T 7BIEAFEVERY & 50, PQAYINIETE 7BRR) v/ ek hi:
ST Lemicinsd (B5K ) SSTRIWIHEK 6=0.01 DT X/LF—D '~ LT TAHE
naMn, PQRYINALEIE 6§=0.01 THIET 2 FENEITN 16 mm MICELF 5,
F o h—BHRACIDFEREOBENIZ O 16mm LD TFFEKEMALERH BDT,
KM1 DAL LT 6,=0.02 radian %M Lic, ZOR, PQAYIAEOE—AL SM
B LS 20mmBEMA TSRS, KM2 ORAMAIL 0,=1.0122 6,==0.0202
(radian ) &7cb0 X, F o h—BRADLEIRKS LTV B, A5 S TOFH4 88 T FO6
TR LT

X=35.9mm

©=—10.00723—0.178 ¢
DRI H 5,

KM1 & KM2 OB &AM 55, KM2 OBEIRFNAKM1 5 KM2 ¥ TR
735 DET ARG KM1 IO EBRTWd IR bV KM1 & KM2 Ol
5.9422m ThHAH M D, & OBEREEIZEL 19.8 nsec &7 b0 F v H—EBRADBRIEH O
AR TRIERLTH S, X, BREHOEMECOWTIACFHELVBRENR DD °,

2.4 ABEMA (HMD, HMP, HMR)

NEERA (HMD) i, OB Lz A A ¥F—GE L - ARESBESE R L, Y
VL E AR B ITRE YRS TWA, SSTRIX, Vv /% BETHEFHY VI
FDVH%KioTi$w¥—%%V,¢®l*w¥~ibl%¢éKIXW¥—K%Ltﬁ
Y Y I h bR ENEHRIRC > T b, £DHIIE, ¥, TOTRNVF—LE LK
Tt v,=4/3 ORBE BT THRC L THBERDSo THAF—ILL -T2 ba ViR

BRHE DRCE DS M EEDTE g”a BTy MEHEE M, 6=0 ORD~
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— % bo VvEBKIE v,=1.30 b, 0=—001 ORI v,=4/3 LB AR ITT

4
} ——1.3
0
(o I HRBE LT —5E == %01 — 333 BEOESABEL Do MABEEDH

LBy a<T 4 v VIR 2 R LR Z ORBERfEL 0 1HU LD hEvoT, oD
BRARAVT, 7877 1 v 7 FE (OESHE ) #BRBIHICKE LTRHLERD DL, TOD
BEAE> OPAEEREA (HMD) THh, HMDO#E % g=6.5m " & LIchRric b Bk
Hrhiml-Shso g& %o B ANEERAR ORT DOEE S EK

2
SRS a=0 (5)

DEK kS & g=k3 1 (I ZABERAOEDR ) OBIRICDHY, REBEE T O RRKEE
Bo(T), BBHEM¥E ¢ (m) LDOHKIE

_ Byl
a’B,,

(6)

g

DBk D 5o 112U, By R TEZ R TFORSHEITH %,

1 8 R e, Bl LTV BT & — A AL (x, 0) THBBE, ©— Al
HOREMCESTWBH, ZOBAOER () dMOBLE-—LDT RV F—CBKRLTY
Lo TOBFHE IKCTR LT, REHPFEHAOEE, Ml L — 2D XLF—ThHb, U=
T o IBbDOE—ARITI v BV ARFESTHWAESE, v I RAS & N € — AATARZE
TIEEEOBC D, COMTE, €
—ADTIIyAVALLTS z mm- eZRYYTA g emm mr)

.mrl BREL, COE—LMNHEKE 757 \

mmemr O BACELEC Lo & 3100
DB ¥ — AR FIHIZEH T 40zmm
vmr H 5 110z mm*mr T CTOREFF
ST\ Do RIOEMOBNY $H R EH =2

R EARREFRBOERDE X7 M v
JRATHBD, BROERE AKX E K
B OH L E—ADT % AFX—HE 5 -0 0 0
<, FEMOEEI/DNE VR IIMEVT

« A\

X

¥ 9K SSTROENRT MY v 7 REER
FAF =T, s bR HERDE o R I 5 R
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Boahbe T, MOHBLE—-LD

_G(mr)
W 4 %NS T B BT ARZE R 5 SE P
H0
b — ADEEMRDRG NS T /’
BLENBD, |
-40

FI0BICE Y H LA I BHD ol 7 N
LE—Awﬁﬁoﬁ}%ﬁbtocm i
Kb 543 AEEIR © — A ASFCBiE A \\.m
DR BE, EAEIAE < Do \ \
AN \

SSTRALOEHH LOFKI M, B,
BRoHLEDE 72 28E(SE ) ® .
wire EEHFOEENS 5cm BELTE FIOR WmMoOBLECRI IRELDE) X,
WICRRIL, ERBH I 1om ILBER FRILSE DRMZERN ORI
AR CORBMAOEELRE Lic, fTEBR I v 23—y vOKER, BHEEMN
e=T75zmmemr OB, LEROKBENRBEILLINIERS DT

By LER (SE) RUOXRNEBERADOMEBIRIRORC LTHRDbAT., SSTRMLOYE
— LD LITER 0=—0.01 DR CfThhb, Z OF, FEBEILY v 7 ORAIEF - T
B0, E- 2R3 Z0OVEREOEL D XRE LAASAB LTV 5, # 5T, E—20RHH
LY v 7 ORATIT S DBRBERTH S0 —7, VYV I/ hbE—arRHRCESRER LY
2 LEBRA (SMED XY v/ oMk 5 DT, SEXMM = 213 SME @ i i< oA
B\ X, SERSETY—AnHY M LICH LI BICRk BHICT 5 RICiT, fTif 2 Lific
HMD # B DENH 5. BEBZORKPIKEEIFEINEELDTHS,

§ 3. SSTRODOHE

BiER AR, PFHIOERCHT, SSTR b E— AR ETFTRSHE T5008H &
hico ZOBRRDEFERN v, —2v,=—1 DIRDEEIBTHLENG D 51cDT, M1 ~
M8 DRABHADT + =L K« 75V TEBMOBRE, X~ 4 — o viEBRAE(LI L5 E
Kk oT, $ABLEE L (G LRFEORELZER ).

TZTE, 74 =K e 25V THALIEBEDOR- 4~ o VIRBBBOHELZBN L TE<,
§ 2.1 TR, SSTROBHRAIZDSOL LD, 74 —NFI T v THEFIREE SN
LIZRRBDOE £ KO WTHEB A M OBELRT - Tholoo TDRR, 71—V I 7V TR
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LD K, 13 K, = 0.4745 & Hp o Toles X, BREANDOREES K E S
e B B SRS OB M 10.8 mm AP THEELGD 5T D%, BRARODHA
HZEREIR [=1.2841m i), TOBETERAORINMIOLE LIS, L, B¥

0.0108

E@ﬁﬁ%ﬁ@4Vf&ﬁn@k5&v#%%$¥%%p=m+E;§ﬁF=&MWMnK

TERERBD, T, WEO (1 -4 d)KREHVHE, (LKL, ZOXREBVLE /=
0.6421m &3 26) KFPHED<— & b ViREKE LT v,=1.278 33 b5, X, #HE
FHEo<—2 bo vIREEE (1 -4 )R&E (3 -2 )REAVT, v, =1.137 &b X,
Z OB OERH I RIBMAEE L §,=9.464° TR H2ENG DD, HOLOENT « = M7
Sy TEMALEBEDOR—42— o VBB T, BRI OELRLTHL, (vg, vy) D
ERFER L OWTIE, KO [ 150MeV BF /WA E—LA « AL yF+— (SSTR) DOEF
AB THANMENA TS,

§ 4. SSTRODMAEE

4.1 E—LWBE

SSTR D@ OREEER i >\ TR BTEHE Lic ¥ Adt e — 40, UL ABE10n secdDBERRFIC
13300 pps EEE T b BRI ) B LERIZ2000A TH »Tchd, TOH VAR K5I HIRD
HUER A 1 oA ¥ THRFDHENHK
176 7‘#7‘:“ L, 7%V AMEH 50n sec ~
200nsec DR Y =7 v 7 % RERHR
S CEEETAEIH L <, 100 n sec
UEDE =Dy =%, TRXNLF
—OEBLRME NI, X, THRAF
—IE 1.5% bl » C—HElg ¥ — &%
HIHLEELS, ZDR/K SSTR M
LOE—2D—HFEIB LTS
(HBUR Do §DETAH, 7SIV AER

SN () WMo LE—L8E 1pA OO

BT -1FERT1VT7 FDATH BRANY by OB LE—AK

N = 2 UUABE T SN RBN D, (B 1 m sec/div.)
D, 5%, SHLKFELVREBEIELET M Uy IREBEFS Yy sa ko
H5bo VRS DEE, KELKE VAT

BESRAEM LT\ 5,
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42 TERNE-ZNRY P .

SSTREALOMHOMLE - LDIT R VF AR bURFANLE/EC, LDM BT, #Hf
BEFHEAY MBRHIE Lico SSTROABDE —AD T RF— A7 bV ORHEE R
LR, XYV e M)A —EERBEEEM &SV ARERTELE THLRERDEHES

~(A) _ i i -
| 0.5msec | 1.0msec | 1.5msec | 2.0msec | 2.5m sec
0.5+ = = - -
(e s S Ty s s e T L e s S
_(B)—Z -1 0 -2 -1 0o -2 -1 0 -2 -1 0 -2 -1 0
(E-E.)/E, (%)
0.5t - - - / (
| 0.5msec | 1.0msec | 1.5msec | 2.0msec | 2.5m sec
Lo AN ..
T —I2 T _l‘ T é T _|2 T _I] T 6 T -12 T _I‘l T 6 T _I2 T _I] 1 6 T _'2 T -11 T (')

(E"Ea)/Eo (0/0)

12K BWMOHLE—AIZRAF AT FLORRBIZEAL
(A) HEHR RS N, PQ: 0A, NMD : 4.4A, HMP : 2321A, FQ : 12.7A,
B) ~E—DKXZ\K, PQ:0A, HMD : 4.6A, HMP : 2545A, FQ :25.2A,
H v FOAFR 1R ABREEBILIN TV, E,=130MeV

L, ZOBERBAZELIELNE A
S R ARBIE Lo 735 LDM HeHIR
D — MiEE 10 usec ThHbo BOHNTL
ARG M ORFEIHE12KNTR T, T
DORE OBEFIL, BEENE LTER
49.97 mg/cm? @ *Zr #fA\., LDM
FAE 0T IERE L, Itk, ZOTx
NWF—=ART ML, REIEEZT,
EF v VRVl s TDH T v MDD

BED LR BB RBIL L TH D, (A) I 12RO (BODHED ¥ — 4R,
K&l m—pRRLN5,(A)DHE
X Ofk e ~a —i348E\ .

DAY kL SSTR % BRI R <

E%&
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BLIEROLO, B, /~a =K &K
DYDTHDo BIEME LIBED L — L0
R 2 #ELEAN D ZnS TR I-DOHEI13K
ThH5o ADHATITEEREA0.1~0.2
BRETE -7 WAL MED 0%
LIEDBERL TS, X, =I5 LD
BT RAF —FEIRCIIEL Y v AR
bhtWwoRERCET 5, RO LY —
LAREKER B -DRZLBHEBIIL,
FNF—ART MV HFHNTD DA D
%o MR SSTR ~O ASKITF D2~
7 bUA), O LE—LD AT ML HTR
Lico X, BEEDHBCY =7 o I HHOE
—A(ZZNF—E0.1% ) #EERHCR
HLKEBD AT bLER LI, 2hb
@l*W¥~Z&7bw@ﬁl*A¥~ﬁ
MEITEDEREEONT NS, TOD
Mocid, ©Zr B TORBBEHICE 5T
ITANF-HBEELLETFOFENRKE
Vo X, OZr D 1AL (1.752MeV)
2, =2 D 1.35% FIRH BETHHN,
ZDHRGIINE Ve IR, ART b

HIUAR A) ABHE—2DTRLF—2Y
KV (Bl T RLF — E=130MeV
18 1.5%)
B) MOHLEY—LDIXLF—2A
-7 Mk GR12RIA) D T=1.5m sec
TR D
C) V=T v IbhbDO—LkEE
BRI IBE LIcBRED AT FL,
E,=130MeV(0%), 18 0. 1%
D) E,=1287TMe&V(—1%),
8 0.1%0
BCDIEAYY bOEEHN 1 D
CHEBILE RT3,

(A)

INJECTION

I _|2 T -|1 1 6 1 '1"
05[EXTRACTION
- (B)
0 t pesasys ..I i S 1
T2 a0
05k 0 °/c BEAM
i AE 0.1°
- (C)
o t poessptasagaces T T
2 a0
0511 % BEAM
| AE 0.1°%
| (D)
0 1 T“":.. T 1 \ T
-2 -1 0

(E-E)/E, (/)
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H1E ROELE—2DELXLF -R G DEE,

0.90E,~0.95E, 0.85E,~0.90E, # iy

oV=T v IhbDE—A

wo=0% (4E=01%) 132% 2.85% wzr (499, o)

B1o=—1% (4E=01%) 5.45% 3.00%

o SSTR 7B L — 4

CJPQ: 0A, HMD : 44.4A, 6.41% 213%
HMP :2321A, FQ:12.7A

(DIPQ :0A, HMD : 4464, 11.19% 6.49%  » sE—KEl
HMP : 2545, FQ: 25.2A

[E)PQ:0A, HMD : 29.4A, 7.34% 3.99%  #

HMP : 2712A, FQ : 28.1A

o= YT v I HBDE - A

(F)6=0% AEE-=0.2%) 10.68% sty
o SSTRIMBHOD L — A |

G)PQ :0A, HMD 15.2A, 8.11% ”
HMP : 2222A, FQ : 21.99A

HPQ: 1670A, HMD : 12.6A, 11.36% ”

HMP : 2225A, FQ : 33.21A

DELZLE—BBDOH T v NEDEH T Y MCHRT BBERT Lo Hiee LT, V=7
Y IBBDE — A% "FE=0.1% £ A— b LCEE “Zr OEMCES LS e 0us

bR LIze SSTR LD E=LL V=T 9 IhbD E—ADHDER, No—DRELSHER
B ThEL, E= 0.90E,~0.95E, DFIRT3HBLLT, E=0.85E,~0.90E, OHIKT
F1BUTTHb. KL, EpBE—J DR NF—, X, RIEHE LT IV EHGL
BEIRLED, V=T v 7DE—£4& SSTR DL~ 2DMBREBEDEFR LI - T,
( Z OBETIHERREN DFEDBIET XV F -5 OEIG XML TV 5,)

BAE, SSTROLOE -2 HWTATEBEMEEOT 2 F FBRATOATV 5, ZOXK
BT, HBRSCE > Tr Ak Lo E=0.2E,~0.8E, HEROBFHHEEL T
50, SSTR DL —ARZD LD BT X V¥ —HE O BFHE-> TWhil, Thid sy 7
T35 v REDo MIORRT, HIBBMHSAENE LTI0 @R Ay % B - &t
BENABEDEIRXLVF BTN SSTRHELDE—ALAREA L TWEERGD 5T,
SSTR DE—LWMHH LREIFTKTH £ 2% BEOETF WX THHIHKRLLETROT,
INLDET X AF—F L, SSTR hHLDEHE L —ATIERRL, —KRE—LHR, E—L4K
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7 N RERAMBECL > LI T X VF kRS bDEEZ DN, £ T, E—
ABERICADDITY A — &~ (C1~KERE2cm, C2~KERE3em, C3, CA~KME
3cm, BB 4cem ) 2HE IR LEMBREA Lt ZOR, SSTR 26D E—ARH
FRDETFNANF —FFE2HUERD L, Ny 77T NIk 1073 SESTEEHED "Au DR
ERCEBED o5~ - BELLD, FRICIE LR o o

wie, SSTR MBLDE—ADITRAF = AT pMLORHIZELIE OV TR~ 5, BiEY 3
LB LRI, ©— 2 AHRRC SV AIBERAY IR IES L, va—2v,=—1 D
AEHRBOBRE - LR ETRIEND, oTHREDETI A, BEALEDEE PQIELTICE
EXfToT\w5, PQEAVTRE-LAZAH IV, XV F-DEVAHE -4
mﬁﬁ%ﬁfk%kﬁﬁéﬁ%,A%E—A@I*wﬁ-ﬂ%b%éK@&HQ%T@EE@
¢§<k50ﬁof,:@%ﬁm&§&4f%%bt%ﬂ@®MEMIXW¥—TE—AﬁW
DHEh, REDELE > TROB LI X VF—HMELS b, BBRBMOBLE—-ADT
FF —BALOERBIZ IR Lico RBIZEERCHIET 50 & h bORERITB R B~
ﬁ%ﬁLTvaﬁﬁ~@%ﬁ%#f%%%mévﬂﬁan5%%&b,%%,%ﬁmﬁ%ﬁﬁ
DBETHD, cl2L, MO LI X VF—DFEENT 0.2%BETHY, 3L ALEDEBRTIIM
B bl EEL LD, HISKITIT PQ R BB L 158 ORSE & FARHCR L o ERONT
FRdhwn, ToBErE, OB LT XL - ORFRZEBIT R b/,

43 TIigHVZR

E—2DT 3y 2V A((x, 0 )NMHEEECRTSEE—-LDKREE) T —LDWRERE
LTOEELETHD. HEDELIA SSTRIBTI v E VA« EZ X —%HXLTHRVDT
BEORWEAIBIZITbA Ty, SSTRAD MgO B v —4 « =4 —THIE Lz —
LAOKEIDPLEELLERTE, PQEHKLAVKT S5ammeemr BELEZ LN DM,
EBROBENEL, FLVHEISROMEL R RTI b,

§5. % & B

Bll, SSTR OXABRHW I OHINI L~ 2OWBERODWTHB LI, AL THRN
ToARIC, SSTR IBE, ¥HORIEMH&ILEI FUHETERYT - TWAAR, ST LK
BEUTEE LTWA LIRSV, LA LAEND, MOH L E— AOWEIX—IG#HRE D H%K
H5LDTHY, X, BN v T OFEROT — 2 EBESHEA THEHDT, SHOMEERE I
FRHIR %
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N 1 23 4 1 2 3
_EEE«: A PQ 0A ' 7[®) gaD%'LA '
° _ HMD 15.2A .
(°1a) HMP 2222 A HMP 2321A
-05r  FO  21.99A -05-  FO 12.7A
“ + ¢
'
-1.0r -1.0F
QO 2 3 0 1 2 3
C) PO OA ' " Cloy PO 0AT T
HMD 44.6A HMD 44.6 A
HMP 2545A HMP 254 5A
-05F FQ 25.2A -05F FQ 25.2A
¢
bttt t oy $o
-1.0F 1 -1.0+
0 1 2 3 Ky 1 2 3
(E) PO OA ' " E) ﬁBD%LA '
HMD 29.4 A .
HMP %312;\ HMP 2712 A
-05F FO 28.1A o5k FQ 28.1A
4
"ot t b
-1.0F H * “1.0F
° 1 2 3 4 1 2 3
(G) PQ_1670A " ' “[(H) PO 957A
HMD 12.6 A HMD 29.4 A
HMP 22.25A HMP 2572A
-05F FO 33.2A -05F FO 33.4A
b
bt
-1.0F -10F t

BB WMOHLE-L2D0Z X VF-RUP T xAF —IBORRZE(, (E, =
130MeV ) MERRILFMEIR % R o PQ RBHRE Lis\ R, RER& SR
WO Lz x v F =0 FHa0, PQRBIRLICEAIX, MOHLY

—ADIXNVFE—IITE L\,
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SSTR DT OBMET, BAMIEEREE, BEL 0/ 7 25X RFEL TRV LR T £
N F TN RR DS 4, FRLOT Y T LD IEY LT\ oW R E
(B EkA et ) B B LE T, SSTR I =HFERUAKH 2oL 955
CDF A DB I HETER S LENHEE Lo & BEEBBELET X, = H1F—
27 FOBFEOE B LT e WEETFHELS v — 7, SFEBEBE Y v — T O
CRALBHLEFET,

K21, N—% baVIRBHOHERE
OB 72 28 o, s KR ARFBBEDRL 2 (so), #(s1), A 0 (sy),
0(s,), THFAF—RE 6 ORIIT 1 KELLORH T

2 (sy) (xlx) (x|0), (x]@) x(s9)
0(sy) | = (o]x) Coled, Colsd 0(so) (1-1)
0 0o , 0o , 1 )

DOEEN D Do UBEOHBEICLERITIIER LD TICRT,
o HHAZM (&)

1, 4,0
(0,1,0) AT (x), SEII (y) 360 Co
0, 0, 1

o FWENWA (RAfaIVT v, BHEEE )

x A y Fi
cos o , psinag, p(Cl—cosa) 1, pa, O
—%sina, cosa , sina 0, 1, O
0 , 0 , 1 0, 0, 1

o REEm (AM (IHS A pI7UT v, BREADHMEEE p )

x Jim y FilA
1 , 0, 0 1 , 0, 0
Ltan/S? 1 0 —Ltanﬂ 1 0
p 3 i p ’ i
0 , 0, 1 0 , 0, 1

¢©l$w¥—K%LVl$w¥—(3=0)®ﬁ%%%ié%ﬁm@6m%%?é%%u
HETLILEDIL L,
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L 2ODRAERADOTEAENOROPEE T TR 1BMETHE, 2O 1BMOTIIE
Fix

1/ 1 0 cosda , psina 1, 0 1 /
M), =
! 0 1 *i_tanﬂ 1 —%sina, cosa —;“tanﬂ, 1 ) 0 1
1 1\/ 1 0 1 pa 1 0 <1 /
(My )1 = ___1’ 1
<0 1>< p tand 1) 0 <'—7;%anﬂ 1 0o 1

(1—2)
E1ho SSTRY v /3 8EBEERFHOM THENL Y v/ 1ADN—4 br VIREIE 2K
SEHIE v, REFE v, ETHE, (1—2)ROTHIERSE vy, v, OEKIE

cos-—zngyz ,  Bzsin 2nvs
(Mx >1=
_ in 2n vy cos 2nvy
g, T8 8
(1-3)
cos 271 ,  Bysin 2y
(M), = 8 8
v __1_ ‘0 2nvy cos 2ryy
gy o8 8

DB B Do 1L, Bz, By E TEMOBRE (BRETHREL ) DN— 2 —BKTH 5,
(1=2)RE(1-3)XEXELWLELLE

cos 27;”’”= cosa+sina tanﬂ+%(—sina+ 2cosa tanf + sina tan?g )
2mvy /
cos —¢ —(1—atanﬂ)+—p—(atanﬂ—2)tanﬂ (1—4)
"ELNb,

ZIT, vp=13, v,=12 LLTHHL
£ =0.185545 ( = 10.631° )

%=O.761475 (o=08m&THE /=0.6092m)

&fiz)o

FoFHETR, ERAOTTIHATHE UBE TH HRER CRES NER L5 sharp
cut off EWEAVTWAER, EBEORADSECIIRA DA T TIRERSE DA D - T
Lo TOBEIL, y HEIOBBHRDITIIN
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1 , 0
2 o (1—-5)
<—%tanﬂ+D(l+Smﬂ)Kl , 1)

0% cos® B

Lt toti L, DIXERAOHMEBER, K (IREESOLADAGERDOTET

+ oo
ke | g o Cime)

Ly
X oTHEENE, ( LITREBND B,= B, L1540
RIS 2 E 8 LB 0Tl @y, K, =0.45 & LTRIEAROHERZITO> &, =
11.565°, /=0.679m HEbh 5o
BOEEEE I L B HE T, BRA O (BB OENAFTSRERRE 58 hHERAD
BHET, 52 ORRSS ORI T ORF OMEX AR THAEL, a0 (x,
0o) &#mo (xy, 0,) %

GG D) e (o G o

CRALT, Fam s BEEOGAES (M) | ko, (3 BALARD. ST

BRGOALEA g 2B L€ 5 L, BRADTABRSELTINL, N— X~ ViREHK
Ve, vy DERSNDERILDHE f & [ ZRDIUIR .

O LUK fE f=11.215°, /=0.6529m »Ebi il

27T, (1=3)RCBbATN— % —BK 8., By 1L, VI DR TOE-LDKES R
BRDLEELBETHD, 20, H5HE s CRIBRF OFHEBED L ORI

2 (s) =1V Fz(s) ez cos ( 2zny,+ ol(s) ) (1—-8)

Ll h Cy FRAGAEE) . 0T e (3T 3 v 2V ALHINZBTHINOKE M OHE
BeRET 5. 2 OORAEKAOTEECRT S fy, By X C1—3 )X b A EKA
~DOAHE A § L EAZHE | RO LBCARICRDLENR KL, ZOMEE f2(s0),

By (50) ET Do X, TD fr(s0) 1E az(so), 72(so) &IIT Twiss R EHH

2
CRIT R, Fh ORI n=J%£L—@%%ﬁ@6o(yﬁﬁmﬂbfkﬁﬁ@@%ﬁ
Hnsro.) C o, Uy S ORNEETE a=0 LiHDT, 1alse)=——t—— BRI

ﬂx(so)
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L, ﬂz(so), ﬂy(so) MR FE T Twiss %ﬁbiéf*i%$k¢tﬁ5o EE;:%'&\@){—\:'\ §; TD

Twiss [EUT s, HD 5, & TORFIERY (A B)==((”x)’(”9)) P
Wiss i So 51 & ) c D/ \(olx), Colo) =
E#:
ﬂ(Sl) A? —2AB B? ﬂ(80>
a(sy) = —AC BCH+ AD —BD a (sy) (1—-9)
rCsy) C? —2CD D? 7 (54D

CEoTROBENREFKS, FAKKR LN — FBEBDEIL O L TRDIEDTHS,

W32, TRILE— BB (7B ) S/ ULRMEERE ( PQ) BE

n%ﬁ@,§ﬁ§ﬁ¢®§ﬁspoga(a:iiﬂ) K SEDS fUC B0 b T

0
EE x(s) ELEE, x(s)=9(s)0 THEZLAEND, ROBEFEHFECL -TRDS
HAMEL, 9, AFELDBIADT, 1ALTARARCD E A1T52ME 1 R LI HET
HET 2, SOBE, SHHIEA ST 2ERERISHEOERA L TN RSB HRZEHE, Th

KPQTé%om@%mﬁ@ﬁﬂﬁimi%ﬁ%l,m@%@50ﬁ§%k(ﬁ=§LE@H

b, 0%

B,, WBME S ) L4z,

IR DBF
cos|elt ., —sinler, 0
— |k|sin |k 2, cos k|2 0 (2—1)
0 , 0 , 1
FEW DIy
cosh |&|/ T%Tsinh |£|7, o
|k|sinh|2|Z,  cosh|&]s , 0 (2-2)
0 , 0 , 1

TEPINE, COBRKLTHELL 1 Bofidlx

Cxlz), Cx|6), (x|o)
Colz>, Coled, Calo) LT
0 , 0 , 1
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AHET 7=0 & 355 FHEREY KD S TTEX

x (x|x), (x]6), (x|8) x
= | (6]x), Colod, (o] 0 (2-3)
b o, o0 , 1 o)

T =0 B, chn d OECL TR THEES b OfEERDNTR ( RIZITHIE
FORREENT VW S,) §2.1 TRDEY v/ OEREAAVT (2 -3 )XEMNE, &
=1.6533 m™ A8 AR AS ARG 2 FEHEOEE L LT 6=—101780 OBRAL
RED, FBEOE s CRTD 2 BEUE, ASE s, T(x=0, 6=—0.178) & LIROR
s KRG BIREL 2 (s) KELVML, Soivh s F TOTFIERLIEL, 7(s)=— 0118 16)
+(x18) RO AT I Vo

KE3. vnvra v IERE
9, RABRASBORL LBV v I/Dra<T 1 v B HET 5, COHGDI 1
<F 4 o VKT (1 —4)R% 6 TREST5EC L > THRIBKEEERT,

/
1 i a<_>
dv, 4 —sina+2cosa tanf+sina tan’g 0

80 =x _.<%V) D)

sin (=5~ V2

a(L)
0v, 4 (atang—2) tanp 0 B
et .<2n ) = (3-1)
—sin Vg
8
Lt B F L, RSB MRE B DR — L R AT AT (1 — 4 DRT

990

D (14 sinfg )
o cos®p

LEEDZIET, RESZITOLELD D, ‘
o (HIEERER) & | (BERAREEOYS )T o KL ->TRRD,,
p=p, C1+48)

tan g — tanp— K, (3—-2)

sin%sinﬂ
=1+ 0o 0 (3-3)

()
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190

1 8l
0 9 o 0§ p? 0§

a . .a .
sin 2 sin g 1 sin 2 sing

= - log+———— 0, 0
2 0 0
(1+6)sin<i—ﬂ> po (1407 sin(i—ﬂ>
2 2
(3—4)
RSN, a=45°, p=11.215°, 0,=08m, [4= 1'32057=0.6529m, v=13

PRAWAE, 6=—0.01 fHETX

ov,
00

ZOEIZ SSTR MHDE—ADEHH LICHERED 1 Bk dbfEiz/o\ .

wIT @%‘56&750) 7T 4 9 JBREECOWTELZ D, thin lens TP EH V5L TUBE
B DR s Bk A — B OTF TR ERA O SRR oW R A 1 & Tk

x

10 (x|x) (x]0) 0 0
h h
- 1 (o]x) Colod - 1
Y I3 1A (3-5)
10 ]y e 0 0
h h
-5 1 Col) Coled | \ = 1

LEIL,
(1-3)REMBELLT

=-—0.2596

h h
cos 2wy = (x|x)+7(x|0) = cos 2,,,,10_{__25‘3 sin2zy,

h h
cos Zn:uyz(y‘y)———z— (yl?’) = cos Znuyo——zﬂysinZEVyo (3—-6)
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5T,
%2 sinz?lmzy 6;0 (sinZnuyn-l—h—zﬂl cos 2nyy0> (3-7)
et Lovg, 8;;‘) 3, FREFNUBERA N EWEEO <~ & o VIRBBRO 7 0= T 1 v

78 Cy HRRDWT AR Thb, WRERAI LS — & b o VIREFHOEDO/NS
W ( Vp = Vg, Vyivyo)ﬂxé}, (3—-7)H)RE

ov, G'VO ( kg - )

a6~ as \!T g cotimm

dv,  dv,. hg :

Y = Yo Y —
55 55 <1+ 5 cot27ruy0> (3-8)

LKL, hE LTPQOME h==k1=0546 m™ #RALTAL L, ALH2HBILE
THB LD LK NEWER G D, 2% 0, URERATTAVF-CLDTRA-Z brY
REHAZIRLOCHE LT EH, TDI/ BT 1 v JHREIIDNS Vo
ﬁ@%@Eif%btﬁLm%ﬁ@T\%mmmmiofﬁbnfvéﬁ,ﬁanu%
BBHEC L 3 ETABERA OBRKRINE S kDI, COFET RS 7 AT, NEE
WA OB USME—ROITIITEHE S b X, NREMANTOR T OEB KRR

"+ RS (22—y2)=0

¥ —2kixy=0 (3-9)
2L

pi=—>t 2By (3-10)
ZB"O 0x r=y=0

TCEZ LN ADTABEBMAALOTD (2, 6 (=x) ), (3, o (=y) ) MLIHDT,
Ik ( 3 —8 )RAMTHFHEABERANTORTOMBIRE D, X, CDOTaT T A
Tk, vv/u bt vESic ks x ¥ —BkoRc, BFHIMRAERAYEBT 5EC,

U=—888;5Ee4 (GV)/ o (m) keV (3—11)

FOIZxAF—%E5E LTHELTW5,



305

e~ % X Ak

D RIIIESIFE# SN 1 [ 150MeV BF/SINV AL~ AR b Ly F + — ARG
(19804F4 F ).~

2) TR RN TE A ( 19814E 6 H ).

3) EILEBBMb - PO seEE 15 (1982 ) 137,

4) SE Wil BIEPRHRS 15 ( 1982 ) 144.

5) WHAIEZHFEEMENe 5 [150MeV SV A ¥ — A Z b Ly T + — [RIAIBRG RS IIEW)
(1980 7H ).

6) T. Suzuki : KEK—74—6.
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150 MeV BF SV 2 E—2Lez b L
v F +— (SSTR) 0@t R

B
HHEA S8 MK - FLEH
JER - REEIERS « BIREE

§ 1. (FL&IC

150 Mev%ﬁ%ﬂwx E—4 e« ZAbVyF v — (SSTRODEBWERABRMN Y =7 » I LOE=
130 MeV, /L AIEI0ns DEFE — 2% AL THEERL O 5T 5 (SSTROBESHE
B ROBERE B L TRBI0RELEBR ), TOBE, ThITRUTOREELHD
DT 5 oo )

@® SSTRY v/ (RABRAR 7 « — A K7 5 v TR AFRE)) hHR O ShoE
Fr—s0k& %R LAER (SEE) D THO £— AMERERBM S 2 HWTHIEL
TSR, BEFAO L — AMESHIGMTH L ELDD 5T BRYE — ADEEHFO I DT
5 mBETHE LMD, MOML E— AR Z OIHING € — AD AR IR % H
WD M LB AT E T b LB L Bhe, BEAMO C— LRSS BREL LTI,
AKESHEEBEFEADO N -4 b o VEBOMEEHBLEL DR MY — 2] H LECED D
HLFEAIBL LT, 2Q,—Q, =1 O 3KRDEAIBADD, 2T, Q@ Q XThE
hARFEHRx) RO EET B(y) D

Qy

R—2 b vETH 5,

Vv ITDXR—Z o VEDQ,— o inj. }So

=0%

Q, i k0 % U v I OBIEA E  stored

. i & Qx~2Qy=-1
.5, SSTROBAR L, BIfFS , - 1st order res.

—-~—2ndorder res.

(v 2B ERA (PQ DS
DRI ZEACIRE > TRENT %,
Fio, BHEE - LD RXLF R

EROBECL, ABREREEDO o o S TR, 7 ¢ - KTy TERD
DREED A BIERIT T RV F — B o E, EERDKHD HRABET 5,

——~——23rd order res.

Qx
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CERRIDMNBIEBET 5, ABERAY KL TN TWRIC S ZOREBENE 55 ET
BRIz DICHEARTPIED 1 KICSSTROBIEADOFEMELYRT, £ — 2B H UK
BfFAN 2Qy— Q= 1 DIBROFHCR S HD b %o

FLTHEAZ, VY7 DBBRDRABKAD 7 « —/V N7 7 v 7RO CURAIERAR
O HAZMREA R TIHERC L) - 20 B LEEOBIES D GRS A 38R E b DR
NIIBCRDBEC Lico COBEOMEAOBEYHEBE LIKEEYE I KKRLI, 205
B IV R RO B R, BREE MR 7 — v K2 5 Y 72RO
72\ WTCHIE U BEBSR O BB 5150 DRD - BB R & 7 « — v K7 5V 72 B) 3ok
BT RS & DBED T hn bR i, TOBRDOEIFRRC KT, MOEL E— 20
FESAEDOEHI TS mE THY LIERER I NI, L EOFETIF LW #ETT TR
fTlebh T 59,
C)Ssnwvﬁ«@%}E—Aol%Kuﬁkz%@1*w¥—@%ﬁoe-A%k%?6
tbi, ASHEFC PQ R I L T € — A0 ASER Y B B REC R SR TV B0 & ORBLE
72 PQOBREERII E — 7 {ET 1600 ARE (E.=130MeVEKE) THHD, BIFRBROFERT
OREMBEE TEREZWMT EAFTDEID L S TUETTHHELDD - To, AFNMERIL, RRAERK
FMDOREIDVBRAIhEEBEr—22bD v v obo VB (SOR)DMEES T 4+ b -
T VH = (FRT LV ES 1223 )% AWTHIETS & & L D HRIRC AN, ZORKCP Q%
BT 5B L D ASRENME T T A0, BERRPQOBBOBACHEL > T2RED 3
RO FEA B 7 FEY) B & — A D BO AR EBE HANCIEN - TY v VTR b b C
EDERTHELEEZLNRA (B IHER)

©, @coFEHRIFL, VY I/OHBERRAED AT A -2 — L LTRFHEL BV FHE
CEDNTH DD LD IELEELHENDLILELR DD, T, SSTR TIRBEWESN BT
NI ER EAEBT A2ELRBO DN VO THIBR L5 U — A B0EME/ Nz 5D
DEMRFANDLEDLD bo

CDIHREAF) VY IDX—-2 bo VERUEBRE - 20R% PQOIKERLEL I
TRE Lo FRRE, X—% bo vEOT xVF —KEHER CUBREREA (FQ DRI ERE
DB FI,

ABRETE, ThOLDBERBRCOWTRNS, iz, 2HBDF v h—BHAKMIL, KM2)
DOWBORMMNE LA BERAOLBAIEF L - 20REAZIE L TRDIDOTEOERL Hb
BFTHRET 5o
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§2 N—%bOvHOAE

2.1 AmAFE

VY ITDON=2 ha v Q) k, VvV EO—EAPIETH&RET EOEFO B,
(=0, 1, 2, = ) ERDBIFRDD Bo

%; =azcos( 27 Q.1+, )+ X (1)

T, ay, ¢ 3ThERPHEECBILZEFON=& b vIREOD IRIE R ORI T, XiX
R—4& ba VIRBIOFLOEETH L, BEFAYIO -2 bo v Q) 2WTHFEKT
BhHo LIWoT, "= bavHurRDHIDIIT) VI EO—BTEREIZEDOET -
LADFERPET T L Ve COME (x;, 3:) OWEIZHBEZ LD ¥ — ApREERA N
THHHTHSORETLED AT (LY XOERHET 2.3m) THRIL Tile- oo OB, ¥
— L F o —BERAEAGEWTY VIIRAS IR DD AKFEFRD N — X b o VIREIOD ik
18 Cag ) M5 ecn b FEFWIAE LV, (F o h—BEAXYHACTAH LIS EDOIRE () 38
L5 Thbo, ) ELBEEHHOEE (a,) L, & (y,) OWEXBEHICT 5 1DICHI0.6 co
Clio CORDRAT 4 TIVI 24V (STL) #AVCTARYE — ARCEEROHEE 25
e TY VI OKFHCRDICAHT Lice (ZOHETIE ayOfinx CH I ERELT 5 HTH
Kish oo ) TORRICN— 2 b a VIRBIOIRIEX KX 5 LA E— LT Y ITHEE S
FRAETE T ALY 2 2BBA (SM) R FBERLTEREbRAToDICN—Z br VE
O PUEIIFITHE LS/ HD SOR ARy PEB Tz, 4 ED RE TIEAS € — L0 FE AR i
KBEITH-Tco (PQOMEERMERILE LI RXVF—ILLNREIDH, )HSOR ARy D
IEF L, ©— AfEBERES (BM4, BM5, BM8) #BEI R TEEBIL — A5 KkA KL Z &
L FHN e Bz O WMEMBAHRTEL AV BB E S L e W L h T
BB ER 2 ROTFNBERETEERL Tl ote VY IDNRT AR R TRHEA
B DR LR, COAR—RMRAERA RO AR s L TKREHEE R 2Ex v 5
Em DEEINLFELRDD 5 1o BAE, Toli—KE 52537 4 =2 —HhPRE 5T iss
DT TR ERYRT Z LRV BMEAERARO BHZEMRIEERECT + — 2
K75V T HBOBWESE ) L0 1 aRERST, 8129aThiiBbh b, ik, itH
D E SR 18T 4 — 2 =%, ORAERAHED BBZ2HE, OFREERODO#BSRD A
HAER UMK, @ETOEHERMN, QEFOV VIDAFATH S, UEOFEALSOR
2Ky NDIBEFEOE D ECD I WER DY 5 DT, =& o VEOFEITREEY £ D
T HG T, F2 KicllEDRAR AR Lico SORDEMMBESHETE W LILES ¥,
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= ) e D PEFRZE (42135 2MDFEBE AT
E 6 ARBITRARY 4x~p(1/cos(G:+6)— 1), 9,\,% (2)

— ORBIT )
e _ T _ _ \\‘\\\\ EET D, T, yOWERZE (AT
)
LENS _\\\\\\\\ IR R P C o0 T 715 0 B0 2
P\‘

0,b55HE
4y~p+tan(0,+6 )0, (3)
TELINE, SEOPETE, L=95
1 em, p=80cnTH 5720 (2), BIAD b,
1$/¥/ .
V 0 © 0,0 BRI, RAERA (M2) R
(o]
B =42 b e vERRDOEEYRNTKRD
Fo2X BT Y — LDMEDBIES .
ﬁﬁ‘&mﬁf%‘éo
ax,ygax,y /ﬂx,y (4)

TITC, a3 —% ba VIRBORKT, SEOMETY e, =50m, ¢,=6m TH 7o,
N—Zz bo VERR R RABERAD 74—V K75 VT RROBRGICREBI OWCGHEL I
DEEIRCART, FTECAVCARTHEORERL L5 pOEIE, D>V T01%, 8y
DWTC2 BRETHL (FI1NER ),

K(2), 3), WhBSOR A » hOFEDO FHS N, MEREL KDDL E, dx~1m, 4y~
0.2m &7c b 1ok, 799 VELETD 2Ky bOMBEDFTHALR DEZET 0.5 mBETH 5,
2.2 BWAHE

(RE AW TREOREEL =2 b VY HEQ)ERD DD RO BERE 2 TRAH a,
X% WHET %o

xi'—xo‘COS<2ZQl‘ + ¢)— cos(¢)
%, —%, cos(27Q + ¢)— cosl(¢) (5)
(1=2, 3, -weee )

A WD R TORA BT Q. o %EETSE § DMK LTERAHET 670
ORI f; (@& LTKE D, TZTC, Bigd i KT 5[, QPIETEbEL DRI BT
L QOIERKD B <=4 b BV, ¢ BB, FBLRIEREDF = 5 ) Dl
Ca, Q, ¢, X "\TF7A-2-21LT

H=12(acos(22Qi+8)+X—x)* ©
DI 2 Tt Kb B T < 4 b oV HR AL e COREARE | R, 02
DD FHETRDIFERIT B 2B TRIE—B L (HE5RBR ),
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B (a)

FREE SPACE =1284.1 mm
RADIUS =826.1 mm

M4 M6 M7 M8  Mi M2
L ﬂ inininl
Y 10 S(m) 15
W (b)

M3 M4 MS PQ M6 FQ M? M8 M1 me
oL [ ] [ 1 1 ara.ri 1 1 [1]
0 5 10 S(m) 15

FIK Vv ITDX- ﬁbm/%ﬁo
(a i FITE R D A iRk, (b) FQ % bk (Irq =18A), (c) PQ RU'FQ
%W]m([FQZISA, [pQ(t 7@)—'3760[&)0
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B1E -2 o vROBITHER,
(1) Ipq=0A, Ipq =0A OHBH

8@  a,(m)  Q ¢,(radian) X(m) LEAST SQUARE VALUE (cm®

—0.1 5.5 1.290 3.403 5.3 0.0002
0.0 5.3 1.290 3.384 5.2 0.060
0.2 5.1 1.288 3.380 4.9 0.015
0.4 4.7 1.282 3.417 4.6 0.023
0.6 4.4 1.285 3.362 4.3 ~ 0.0
0.8 4.1 1.282 3.369 4.0 ~ 0.0
1.0 3.7 1.282 3.359 3.6 ~ 0.0

2

0% ay(em) Qy ¢,(radian) Y(m) LEAST SQUARE VALUE(n®)

—0.1 0.4 1.134 3.465 —0.1 0.0001
0.0 0.5 1.131 3.535 —0.1 0.002
0.2 0.5 1.130 3.5639 —0.1 0.004
0.6 0.6 1.148 3.446 —0.2 ~ 0.0
0.8 0.6 1.158 3.114 —0.1 ~ 0.0
1.0 0.5 1.156 3.107 —0.2 ~ 0.0

(2) Ipe=0A, 0=0% D%Ho

Ipq () a,(em) Qx ¢,(radian)  X(em) LEAST SQUARE VALUE(m®
5.4 1.290 3.361 5.3 0.037
5.4 1.293 3.364 5.2 0.005
10 5.4 1.297 3.352 5.2 0.005
15 5.3 1.300 3.326 5.2 ~ 0.0
25 5.2 1.309 3.287 5.1 0.021
30 5.2 1.311 3.297 5.1 0.005

IeqA)  ay(em Q, ¢y(radian) Y(em) LEAST SQUARE VALUE(n?)

0.6 1.120 3.336 0.0 ~ 0.0

5 0.7 1.099 3.410 0.1 0.002
10 0.7 1.096 3.457 0.1 0.003
15 0.7 1.096 3.256 0.1 0.008
25 0.7 1.109 2.966 0.1 0.024

30 0.7 1.114 2.926 0.2 0.022




5| g U
£ \f\/!\\/luul 10 111
\ 1]
20— * oo —_ e v o
i I £ Lilsk
I L s Al
1 | Al
ok 111 ’ W
| | | | | | 1 [ | 1
-2 0 Ym) 2 -2 0 Y(m) 2
Sl ¢ 7o g .
EFLN 77 T e NN
NN \
20— ] L] ° [ . L ] ) Y
\u i -/ ¢ \o \o E_ I § Z \o \o 6.
e |. '/ * \ \. ./ \. \. \.\
\ / \ o+l N NoL
of- 11 / LoV : ; L
| | | | | |
0 5 10 0 5 X(cm) 10

X(cm)

FAN BT E—LOMEBEOHEELR, KEHADMEXIIAFERD - LDOMEND
B too (@) Ipg Z 5A A Tw TTEL ERTHEIE, [pq=0A, D)ABE—LDT X
NWFE—ZBEIRTHEE, [pq=0A, Ipo=0A,

2.3 AEHER

BIEIIPQ, FQOBIKERIE o, [rq ROAS € — 20 EBIERA(0) % 2L 2B T AT 7%
57120 Ipg DIBEITESE 2500 A F TEL X TME AT - Fohd, 1000ALL E T SORARY
FOEDRIEUTFT TH- D TIIRBRLTEV, (< 01D0HHLRUEHATHR LT
Wit ) SOR AR v bOMEDOREM R EOLOHEI DL THANIRT, -2 A
VEOBEEELZE S RICRT,, Kicid, 2Q,— Q,=1RUQ,= QDKM IR 1o W
D Qy HADIEHD XX SOR AR v FOMBOBEBREC LS LD EEXLLRD, RIAER
FOLPREENTOWAROR—Z bavEBOT 3 VF —EKEE (T 03T 1 v 7 FB(8Q/80)
i, 0Q,/00 ~—0.3, 0Q,/00~—0.2 THiH, WEBMDRDII/ 0 <T 1 v 7 FBUTE
hHREBERTQ, KBIL T35, @, cBLTIERERE . CORRE LTE, HHEER
FOWBMOBEENE L b, 74—/ KT 7V TR I-ERAD RIS, €
D hRIRHAMANEO TV THIE (1/R) B - T b OB, BESMmITR S (LDBIEF
KEMNABERA & REB &Y 35, Toms (K5 L)k
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(b)

Qy S

120 (a)
1(PQ)=0A 120
I(FQ)=0A

115

120 125 130 Ox 110 -
O I(PQ)=0A .
o) =700A
A =1000A
| | |
1.20 125 130 Qx
(c) (d)
o ay| o
o+ o+ -
1.20 1.20+ . a
_ & a
a0a a
[ ] a

1.15 115

1.10 1.10
0O K(PQ)=0A 0O KPQ)=0A
le) =700A (o) = 700A
A =1000A A =1000A
] I | ] 1 |
1.20 1.25 1.30 Qx 1.20 1.25 130 Qx

5K X— &b o vEOAERR,
(a) ABHE—2DT XNV F-%ELI¥ D, TRAF —DHEINC A - TEREID FHa~
BET 5,
) 6::0%0 [FQ@%{tkcﬁ‘ﬁfiﬂféeED@ﬁm/\@WZ)o
c) 6=0.5%, (b) &Rk
(d) 0=1.0%, (b)& Mo
BE R T LS BT,

i
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kzst—Z—% sec®p (7)
TELEIND, CITh, pRERFR, RAERAOMERCAMATHSS Vo NEEEIL
VY IDIaTT 49V EREA BRI LDT, BLhHERBREYBBRROHRICLD HD
BESBTELLBbhb, '

VR ERA O SERY f(f,=—f) &T5LIBERAICE D —% ba vE(Q,, Q)

DEALE

1 _ B .
Q;, y= = cos 1Lcos(ZnQM,y)—?’j,-i—ism(ZnQM,y)] (8)

2
THEZBbRBY . TIT, Q. fo BENTNERARPRET HHI0 -5 b o v BROER#K
AONBLREIAR—2 bu VR THD, FQIEAFHAICH LTRR (f, >0), PQ
R (f,<0)THHhb, BEINEFQRUOPQRLABIFROBE ML BT 5,
TS ERADRIRE W TWARD Y v /D a <71 v 7 R8T

9Q, R
29 B <(hByt g5, >
_ 0B _ € _ L
g—axy’ ¢~ pc R——2_7t
TEbEhB %, T, Qy
By : )Y 7 OBESROES S
. $>0
b BFOEHE "‘/r//’/’
L Vv/oRE gf~\\
R OBED R 55\\
Thro 1< SR VI —Bbics Tl g3 ~$=0
wEHT. WBEREDBRIT ¢ TEbIh 5, g3>925>91=0
ORED 4Q,/4Q, <0 Thbh, BFROBEIE Qx
FIUBERANBRNEERE W LD .GR #6E EEREC LS 0~ 4
6 RBROPEINIC I =T 1 v 7 HFEE MUK v 7 BRED Bt

%WE@@W%%&@%%@%&%K%%&~ﬁLfvéo
UEDEMND, BEINI_—& b v L) Y 7 ORELY HHBRERNDLZ LOHMKRLIE
ETRHbhlEBbh b,
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§3 EBERE—LOEEHADEOAE

ER -2 0BEHFOEO BEL § 2 TH~I- SOR ARy FOAEDRIE &R HET
fTlsotco 12121, & OWEDOBIII AR 2A0F v h —BA (KM, KM2) #Bi#EL Th
HIcHBEFE— LY Y I HREBGRAET 5, ZORDE—LARLDZBEIZEDSOR
PEBBRINL0TIADLDERE—LDOAEIPWETE S, 74 b VY —LEDS
ORDEED BB LD &, TV EDA T I ASHER 2msec DREIBRATRE/RE DA A
> T 5o BME & AWTHOLEEL D A% BRI 5 EW L 3L F —0D v — L% % > TAS

HTE BRIh-SORDHR, % 8R(b&M, £ Y ¥ 7 D sl

DHHEDREOREBL Tt = 2D A% BH LTS ORDKFETRDIEN Z D ERIefEL
IRXAVF—=DE—=LnLD SORILED VYT IED - TV 2HDHER I NI Lichis T,
AHBEHRO © — 2 0BEFRIOEBORECL, BRIZNIZSORD Y H Y v 7D MIDH S %
FV 3 hUE T B 750 B hic SORD filk BTRICR o 55 8 ICERE — 40 B=E A
DIE L PQOD BIBEEN (Ipq ) D BIEA T Fo 127 L8 BIC R L X SORD B AT H 5
£1, RoldNCilal~(c) & Bic 2 FB HIC 77 » 1 R0 BEAR Lice A BEROERE
D RGBT AL B 5 FREEENCETH Do Tpg=800 A MBETEEHAD <— & F o v iEE
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B ANGE & - CTEREH RO ¥ — AEDRIAD -

Twbo ZOHME, NEERAG (HMDC, H
MPCOBBIRS RCL B BAIH R ETL S
e §2 THRANIoN—4& ha VEDOH
EDD, Ivg= 800 ADRFENFE N 2Q, — Q, =

1 D 3ROIEBHOFFECDHSH T LD DD %o
Lich =T, ZoHBRY v 7 OBWEEN 20,
— Q. = 1DFLIBIR b B BT R SRE R
FAOIERERBC L DR GHEEREBTHL L
Ezxzbhb,

HMPC (3 A%t7> & 100 zsec ORI h 5
23V AR T TR DR AR B A 375,
SSTRZ Z ORIBIC & 0 EHRERAHMDC O
B % AHEO R T B TRRICR T S hThb,
BTN AR IR DER DD, TORBD
FTHHEUOBEERH BT B b5 K TR
MEcfTlchbh ThisWicdThHEEZ DR
5o HBIK PQRUHMPCORIED & 1 3
VI HTRT, PQOIEERME [oqh Lrps D
RV v 7 OBE S HILRER EICk 5, GEIR(a)
ZORF, NEBERAOKBOFTHE LT
b HT2DIATE IX(DID FRCHMP C % Bhi
THLENDH b, (HMPCORIRD 214 I v
HPQDEAIVIETHRAZELEZDR
AMSED IETIIT R bieh - foe ) BIE
KD 3 RO IR T & 5 RRC R RRI 7o 55
D¥BLHE LA TIbh A i b E e HMDC
F O HMPC O EHAE Inc, Iec (E—21fH)

#9

w
o
o
o

I(PC) (ampere)

2000

1000
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I(PQ)

I(PC)
/\
>
5
e

KPC)

I(DC)

] 1
100 200 T(musec)

K PQXUHMPCOBRED 21 I v T

_ /?//

- Ee =130 MeV
(§=0%)
I(FQ) = 33A
510 1020 1530 2040
| 1 1 |
10 20 30 40

I(DC) (cmpgre)

DBGRA TN D I ER E — 2O EES A FIOK FERE Y — L DR H/MC T A5HMDC

DIBEBDIRINC D Ipe & Tpc DIER §=0%,

& HMPC D ihBEE IR D Batho Hlho LBy
7 VRT - vOEREHT,
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FQ=33ADBEIEDID [5qIDWT
80 B Lo WEESES FI0RIC RS, PQ
D BREHD & — 7 EEEAL SR 5 & BE

<

g JE AR A BT BRI LT S T

- A DBRESH T B £ 0 5 Fibic ik HM
40 |

PCO v— 7 BIRMESZE LicFuLich
Ee=130 MeV v (B9Ma, bR ),

8=0%
(8=0%) FUROBEHEOEENHEINDIRL
740 A I(FQ)= 33 A
[ o ABORZR FHE L R FURKR

1

0 L '

1000 Fo E#IT . Tres = TA0A & L1-FHC PQ

BB BYE 3 Heon OB BT B D FIREEF D Tres F TIE T35 KRR ZFE
Zlo LichoT, MFETRS—HL T 5,

LLEORERMN S, Tpo=800A M TRI 5 — AROBEFTHOHEIME20,— 0, =1 D
3D MBS ( B ABERAD ) SERBICLBIERI SN LD TH LI LDHEIOD
Nl Fto, 0=0%, Trq=33ADHBHIIL [1o= TA0A DR BE A H IR EICHHED
b 1o .

SOR DHREMED [pq( ¥ — 7 ) H 1000 A BT 5\ CTHEA & e 5 DI Z DR S B A D
BBOTHHE L iR b BRI b T 51ed T, Tpq (E— 7)) PELHE KL H EH
OSBRSSO FTHIE L ARERIC I DIERRE TV 5EF2bh b, (HERBR) NBE
AL SN T BEIC S [y OWEIMCHEE > TSORBEENLHML T 5F,D, #
& P SORD HEEO BIMH T N TABERODOKEIC L D5 SR Shic 3RDOKEE
LB DTN & bbb, DAL LT,

(1) RAERAROTUBERDDOBBEDEROBRSC LD 2RI 3RDFEEIIEIR ET

Who
(2) FRLEEE PQOEIA—F L TV WD RASF E—A0E 7 & 2EBA ( SM) THEL

2000
I(PQ) (ampere)

AT b,
3) PQOMMIDOBILIcEI DY V7D Twiss Y OB L DERE —LDT IR Y
ABPKELIL->T %o
KENREZLLNAMRSEDPETE TN LA HEID D LI TERD S,



§4 Fouh—

41 HEOBEH

F o h—EBRA (KM1, KM2 )iddmE A3 4#920
mr, EEH20cnTASDHIE 100 nsec DR
IhB NV ABRATHEL, ChETIhHLDE
B D REH O R I AL BYRE TR SR oD Ry e ZE L
a7 EZ X —TRET HHELC L DFANTNH,
BRGA NI S h T 5 RGO R IR e 2 b h
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—BHADHISDORHMNELDAE

B2 F o h —BRCRO BIRCE O
RIf9ZE k. 100 nsec/div,

110 r—ﬂ'—) (a) KM1
2| |5¢“ﬁg&
E .. ...
5]
< . .
‘e 330 >
Ll . 100
\ \ * ]
200 400 600 800
T(nse;)
2 120 10 (b) KM2
E .L" e,
' . 330 >, 100
| ] I 1
0 200 400 600 800
T(nsec)

B3R F v h —BHEADKSBORHENE L PEERDILD LAY, SLHTHRD
REEI R O3 A8 (nsec) % RRHCR Lico
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CDEEROBEN LB L TE0E I DERANBRh Tk sico £ TAHE —LDF
v — ERIFC X B RAAZIET S IC L ) RSO R RINE L F~ T,

4.2 RABRHFERUER

* o —BRA BT 5EFEEOEB T EH 40 (~20mr ) 2T BT B DD FERx)
FREAEER LI LA >T, F o h —ERACEE(x,), HE0, )TASLILET
D BREA D R )i

x=Cxlx)x,+(x16)6,+ (x18) 40 o -

THEbIND, T 2T (xlx), (xIOXERAHONLENEE TOBEXTIERTH L, b
HIXNE—DBEFCNTS 40 DETERADOBBCHATE 00 ERA X @BEOETD
ﬁﬁ%mﬁThWMﬁ#%%@w%@ﬁ§ﬁbﬁéo&ﬁ@m%@BM5%mbfﬁkoto
i, BREALHRTS 44 3 v/ % 8nsec T OF L5 LIk WETHERA M0
T ORI B 2 IREREY B I, BRRE 37 E=2 —h LOBEREH =T, #
BRI HE S hic € — 2D MBORMNZE A R, FRER S BSORENELO EE T
F—H LT BEA DD b, |

§5 F &

BTFE—2hbDOSORFHWTSSTROBERB # 1T Tco TOMR, 2Qy— Qr =10
SRDIEEIBLFCABEHAOBEBICL DFIERI SATWLHEIHLNCILD, TOH
BOHBMH L OACLELRSUDNESHRRMUATO BT -2 L TRODNI, £, E
— ADREBOIEMD FRD FC Bt d D RG TR IeWEL LM i ez h A RO HT
SBOMEHE LTS QO bo * v h —BRADOBSOIENAELE HIE L IR, EE
WOREMNLEE RS —B LTV 5 HEIER S N,

e % X ik
(1) 4% eft - BEHHIFEHRE 15 (1982) 144.
(2) EILEHIM - ZREPHFEHE 15 (1982)
(3) EILEBifl - ZEBTHTFEHR 15 (1982) 137.
(4 SLAC REPORT No 75 (1972).
(5) T. SUZUKI : “Tune Shifts of Betatron Oscillation and Their Correction in
the Synchrotron ”, KEK— 74— 6.
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150 MeV St 2 3% %¢ &  BAE:

BLERRE, B A LRV K**
FEHTTIE « 5F FIE « FRRA.
ETL A « 5 AR /N LI IESE
HREE - EHKBE - BERER
R AT iR
P. Harty™™, M. N. Thompson™*

§1. B

Foxix, 1981 FEL DNFEREBEOBERFGL, AFE2 ALV XORBREIAL 1o
ZTORER, BEC R THIf LIEEEY R L,

T, NTEZBEBROBRBEERCOWT O Y RT & & i, RBPhicd Uich
AR O ZDORKC DN THRET 5,

§2. B B

BEFRAEH 2 -7y A RS &, BFIHBRGSC LD r BERHEL, EFIZD
BT RNF—HKIED, OIS CHRCBH INS, ZOTcd, WALWART RLF
—DBEFROTBRNPE— L2 -2 ERREKT 5, ZHhDEREDGIERA TENT 5o

S BERACASFLIBEE—205 L, BEFRX0EDRCI > TRIGT b, BEEL
TEINCETFRES TRIEINZDO T XV F —RRES N D,

TRREEL, EROOBHCEIMIRIGS -7y NERST S, RIGIK Z ORI S hic
FIER FoREF, BTFRUBROPHETFRBSETHE IR 5,

OB, BTRHBLET (hHT) BREBLODVETRREEYE L2 LD, ED
BIDBRIEHZOERZ L r BE2BEH Lo ERETH ENTE S, ThILED, Rit%
ODEBI LI rBOTXAVF-HPRETE S, TNH 1 ROERILTH %,

§ 3. FRFEHEBOHES
AHBFRIT, "NAE—LAAP Ly F o+ —UhbL0HEREY— LT, RKTFRAF—(12150
MeVTH B, CNETORBICEBIAE — L&Y, Toa—747 577 %2-30%, AHETT
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#1N KFEREBEORBOSAHN, FHEEFHEHEL LIV,
SSTR : RN AE—LARNLVy Fy—, EC : EFHHg,
FC:7795—hv7, P D : BBTHaHZ, ND : st FRHS,
RT :8BHs2—-7 vk, T &4 r, CB:avi)—rray7,

F/LF—130MeV, EBIH~10nA TH 5bo
LIF, B KM OWTHBT 5,

3.1 WHMEHA #1E HTERERAOE,
B BTOREEC—LARSWTLE
WAT, BREL—AKLitLTh5b, * ¥ 7N aoF
DM A H 2 R, FOEIELE] wom R 50 mm
— Tt bt [ 200 mm
) 153 iy & 647 mm
BEFOEHEO ST, AHNET 5 o< W B 7 kG
ITELF-D1/555H4/5FTD60% x K B It 140 A

THbo MHL150 MeV DASE T %
NE—TEREFTILO DD, 30MeVh D 120 MeV ETOBTFHHHT ST, RABOE T K
BEAST Do LA T, ZhHLDOEFORMME LA, 30 MeVih b 120 MeV £TO 7 &R
ALz h b,

KD, BHERB Lish > BFELI V2BLTT 7 77— hy TREUP NS,
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RADIATION
ELECTRON TARGET

Eo

F2M T EHSERO O,

BEE 2 — 4y ME /1000 B EHOBE IO &ETHLH . BREEEEIEERT, 4KD 4 —
7o hREETE b

BHIN 7 B34 7 bl L TERAANED IR, TIRCEINICRIGZ =5y PR
4%,

3.2 EFHREHXR

BEFHRESRRD, ERERAOEAACKE I NIRECEFRIESL, ToBACEBMI N
T 8D NNy 77 v THRESRLOEBHRING, TORESH 3 KRT,
BEFRHEBIEI5mm, &X 100mmD S IAF » 7 vV FL—2T, ZORIEF+ VRN
KEIDRLSTNA, T, TXTOF ¢ VYEABRFELVWIX LT —BEES> LORTH
DTHbo

Ny J7 9 THRHEBIEIIOMMD I AF v 7V VFU—BT, BA4F v VXNLVDET
BHBEH N—T5, BFHREEE AN 77 9 TREBORRHE Y LD LD, rifik
EDRy 7759y R ERT 5,
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,::::::://}Aeenu MAGNET

HIXK BHZBRIIORER,
el~e32  ETHREE, Bl ~B8 : /377y FHi%E, FP : HAH,
ERIIBBETRHBCASTLETFOMETH 5o
3.3 RICHFRtis
3.3.1 BFRILSS
BT-seHigE, 280 4 EBM
e 1EO EREED LRSI
5oChﬁ,%4@K%?i5K
6 BREI NS,
AE BB, -, BE

YR TIAF v v/ FLU—24
T, ZTOKZZ(L45mm X 45mm
X 2mm7Th bo
EBMEBIET 7V Ly vV F L —
£ T, £ DO KE 2180mm X 80mm
X BT 120mm TH 5o
ohb 3o RKE AL S

FAK RIEE =7y b EBETHRIBEROEEN,

EC L OB TRBHL, O A AF—HRET Do BIE AR T O RATRF — (359120
MeVTHh 5, %1z, JERHEL EREBROM ISR, RTENZT5,

BT, RIG2 =4y b 530cmo ERECE 2 h, VLAEAE23msr THDo

Hoxld, BFRESORBLEEEO YA 7o ha v E AL TUT - oo AABRIT3MeV T
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BAE AT, BELAVEI RS
SOMUEBELZRET S Lic & 512
DTl -Too BHONICAXT b
DEI%EE S B RT, & ORBRD
5 !
1) ZREoREHBC LD, 7
Wi LDy 77597 Rk
TR B Lo
2) #HBO T 2L ¥ — SRee
FRR2BTHH &
DF T SINCIY gl

|
3.3.2 HHEFRHSE Jfﬂ

COUNTS

512

TR, Wik v L 10 20 30 40 50 MeV
ENERGY
— ZNE213 %14 ¢ E A L FIfE
B> & v 7T, D SR EE 00 %5 @&%T%lﬂ%ﬁf?ﬁﬂﬁ Lz, Bfom#Elo 2
mm, BX100mmTH5b, B EiE ERRHARD AT b v,
T 3BoORKFHELE D, EEoME & 5
DOMBEZI0mm DBEID T VI T T RAE—RNRT F L,

HhHo HEMIRT L, CORBOEMEIC 4
KD THERGELES L TELET 5o
PR LTI, NE 213 0 Rk A Rre  ~2EUTRoy
BT, WMORWEENBR TR, T Ly \ o
BWHDET DL ENTE D, PHETDT R/VF —
i, B r WA LT LR ETFEDOTOF
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