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BAEAE 25 X 5EE L TW5 stretched high spin state (J,, Jn ' Imax DEERA R
W32, stretched high spin state IFRD X 5 B A - T 5,

1. WRAELIRREE DB\ A BV DI &b, stretched high spin state Z{F LKL F

—ZEHRMITIEEAE L DREESTLE D
2. BRIMMIEFERIC L - Tstretched state ZFh#d 2854w1IE, FEFED convection

current DEE ML o) ALV EEDOFE LTI b,

T L DI h B, stretched high spin state OFFFRIIR FREOBREL % 5 DICIFE
CEHTH 5o

SETDELSH, BHBETHILRD 180° B #Elc L > T*Mg, #*Si D J7=6", T=1
e D\ OhD stretched high spin state BRI ShTWBH2 ™, ZOMET 1R F—
1| 2R % % 1 AR ELIIC B ML) § ~ & LA S hCu 7L (HREEQ quenching o
Z® X 57 quenching 3IM1, M2BB %, (p, n) KIGKE->TRREREHET « 577
BBV BT T\, BIfEZ N HD quenching DBREH—HICHAL L > L5
BRI HED DTV %,

IRETYCalkkk\ T, B\ 67, T=1stretched state (3477E L EbhTxn’
BT Anderson 573%9Ca (p, n) “Sc KIS £ T 67, T=1 stretched state DFFELR
W EEBR AT -1 % O TARRICHLTE, 180° FHMBEFHAK - T Cadd
6=, T =1 stretched state %<2 &% HWE L1, L<EbhBLdIC, 180° HETH
HILBWTIE, 74 VAH T —FiRCHE~TT1 v <s bafiEs@EfEsh s, LicasT,

t A mravE—BI SRR AR



TAVXRI MAMEBRBIY - THEINS“Ca
D 67, T=1stretched state OIS LT
180° B FBELEBRIEFTHEEES L NT

& 5o

§ 2. EE&

FET BRSO B TR s & 180°
BTHREEREBY AW TTbhl, BIEZA
ST T %L ¥ — Hi80 MeV 11 5 200MeV % T 20
MeVREIFR T 7 HIL2WTfTiebh, il x ¥
— 5~35MeV D A7 b HB Bl SREEITH

AOCCI( ee')
=180

"1 E.=100MeV

|
| ..'A\i,\;‘\f

e

°| E=140Mev lm
b 'II.IiARW;\«IM
|
" l,wl lﬁl I*I W‘i
E.kovel ‘

F
b !
O

&

@ | E°=80Mev ‘M

- MAK,”.WM' 4

4 8 12 %

F1X ““Ca, 180° B|WFHEHIEIC I DA
7 hve ABEF T RLF—-80MeV
DAY pAITHEEREL - 70
HTWh, CHIZARY hat—2&
—PERIEAYF DI, 7
—oVEEEYLIEEFLEIEL TL

?.

Z)ﬁ’rowcabbéo :’ﬂ?‘?ﬁﬂi@ frec 0IEE&@

ol /‘%

E-=200MeV m _'"I h
‘;/ W%&%’Mﬁ‘ﬁwwww

M.wl | %*‘k “r’ |

5 10 15 20 25 30MeV)
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0.3%Thbo BHELTIE, BEX475mg/cm?, FifE 99.6 %D “Ca Dixhic, BFELErEE
DHESHEL KD 51D Be, BV ZF L VYRRV, BHRIARY b LOFHE 1 KR

K

§ 3. B

3.1 E—u5E

BONLART b LBRAFERD IO, - V5B LB %270 7
DT, HEHRENL SDOEEE 3KOSHEX THEM Lo ZDEE, MO H M) OLEE
LT, (r, @) RIGOBMETHS TMeV 2#RA L, 18MeV (T TN ERSLET 5 L
ST, HHERORE HIRD I, RIT, HBO -7 DWE L THY AR L RE L, HieikiEH
LOFGHRZELGNCART MR 5Pl —-7 THBTALOL, ¥— 7 DAE,
BEZCHIFIT YL 5 Tkl ¥— 7 DI DWTIE, 7.7, 85MeVIE & AL &
— I DOEHRD, SEEN Z1T7c > BT %L ¥ —16MeV L THELLWEEZXT, £
DIEH TRTOE— 7B VTHW I, ZDMEIIR 350 keVERETH 5o UEDID I LTI
7t otc e — 7 GEEO B R 2 KR g,

5 138 4.2
10 LOcu (e.e,) n F
6=180°

” E=160MeV

e .

o

10 12 14 i6 18 20
EXCITATION ENERGY(MEV)

HFo2X E—I5HOBl, ABHEFITRALF— 160MeV, REITRLIC2ADE -7
7, 67 stretched state DE[EEMENH B L — J,
3.2 HERHE
EBLTWAHIBRED Z VY 2 5FH 0k, ©— 758X > TEHELRICHIBRED
B, BRETFLERBHECL S TELRAMNE, PREFEZEBETI SR I -THEDLR
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%o SEDM@HICE\TiE, Rowe 5' Y1t X - THIZ &h1-Open Shell RPA (OSRPA)
X BEHERITI, FOKREELHVIPWBAR X ORAFOBERR 21770 > 7co PWBA
CEWTE, BTOBERKIANDERTLHIE, RFEZOELCH T AMIEXT -7 LIF
B WTiE, Rowe b 'WOEILBEA > TOSRPAR DL THIBIHAT 2,

OSRPATIX, EERECIER L ChiRRESF2HEERE FIZRDO L5 ESh %,

o=y ——
g a>,9«/n/9—ﬂa

( Yap(2) Al (1) = Zug(2) Agg(T) ) (1)
CoTa, BIIBMTEMERDL, ng, 1y (FEEREBC KT 2 EHELD EHETH 5o
OSRPAIZ, ZOEFEI L - TRETHDOHEEN LOTREBORAL TN Do AsD), Al
T — 2R AR, MREE T TA %, MEEETAD LS LEIhDE, RPA HER

ERU XS RO FTERPED L 20

(5 (2) =2 () @

COFBREM CERC L >THRIFLE— 0 p@BLN, BREBBHEB(W ; i)
KDEOWKRE 5o

B(W’:i—>f)=|§TFLV(]T)</IHWJT“V>|2 3)
CETHR, (JT) 3BBRET, KO L5 ICERSH 5,

Fus (JT)=TYi5(2) (ng—ng)t

Foa (JTY=T7 (=174 22,(2) Cng—no)?
RHEL, a>f, T=(2T+1)%, a—f=jo—js Thho e ullWT|lv >2HhikmE

BEL T4 VALYORABREFLT 13 OSRPAERETHWELYCaDhAERE H—
BT THRLF—o n, (29Can 1TDER™ h

(4)

reduce ¥ N cBE—RFTIERTH BELILEER, 1,3 Gillet 59 X o
2. TRD BRI HE R,
Ve = HE T AT IR S PR = H—pFrrnF—
W BRI F TR DWW TR B oE ", ", (Mev)
. . s 2 AR
%o FTHDIC, &2 HREEIZEM A 1fa, 0.0 0.04 13,4
2s1di&& 1f2p B YT (truncate) 2D 12 0.0 0.02 11.1
Lt LiciioTCa o 6 1RAERIE, 2ps2 0.0 0.03 9.0
1fq, 0.12 0.09 7.0
1dsse &1 £7/, OREIDORIT -ZEFERL, 1dss 0.76 0.87 0.0
BREATICL > CospRshse S LD 0.88 —2.38
) 1ds, 1.0 0.95 —6.2

Lt b EEREBC KT 5 FHEMD
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HERELTE, F1ROLOR2BOOEL oo HHE 1,13, “Ca OBTHAERT
Bohi 1" REBOFRT XL F—2HATILOCEDONTMETH S, HERR, T,
Gillet 5" DB EIC L - TROIMETH Do REMDB—KI T R F—& LTiE, Gillet
B RN B WA I EREERD DRD BRIV T COMGE 1 RiRT, Kkic, FHERE
WAV R OBRBE AR RO HL I TH B,

V=SPTSVISf, (r) (5)
rs HoE Gilletb' PRI BHD AT A4
CITPSRTAVAEYT, ALV SHK CAL, BAfirMeV,
RBADOHRYHEAETTH 5, VI°IMHEIEA yo 4% v Vi
16)
DI T, SEOHBERE L TXGillet 5 — 45 —22.5 29.3 6.8

CEoTELZBLRTWABENDNRT A =4
CALZRHW oo ZTDERE 2R R T, Tl felr)E LTL, ROLS e AV ARBRE Lo

folr)=exp (— <-2)2) (6)

LT e 3EREREARDL, LOED Gillet HIZAEL

#=171fm
& Ltco DEDZHHEFEROTIIERDOARE TR, B—KNFEBEROBHEMS & LTGHA
BEIFET VY vy VOBE BT, FDEE, oscillator parameter b 2\ TIZKR D 22D
EXHA L THE % 1Ts - 1o

1.89 fm - Gillet and Sanderson'®

’= { 2.03 fm -+ Donnelly and Walker '
“HRHEEEROTHBEZROKREDFBERC B VT, ERKFERFEHAERO/NIKOFHE 2 —
FERERSE Qi

§ 4. HERRUEBZE $3% Ko IASORET R L ¥ — DERE &
B CHERIE ny) & OB,
4.1 OSRPAD#E G ERME FF B fE =

OSRPA e & % 4 S TR 4 # it EopMeV) B (MeV) | B | (MeV)

DT 5 ¥ — DFHFRER 45 3

b=1.89 6=2.03 6=1.89 6=2.03

4~ 766 755 746  0.11  0.20
Micmd, Kbbnsrdie, 67 3= 7.69 773 765  0.04  0.04
MFAEIN S UMeVAHEIE 17~5" 2" 8.42 8.77 8.58 0.35 0.16

5” 8.55 828 814 027 04l
DI NTD S EMEDBHERE LT




#|AE BHHITEIC LS Ca, 6 stretched
state DB T KL F —,

AFfE oscillator param- 400q T=1

(MeV)  eter (fm)
Present calculation /14.0 1.89
CHERn) 13.9 2.03
Rowe et al. 14.5 2.03
Donnelly et al. 14.7 2.03
Gillet et al. 13.9 1.89

Ehb, COERMHEOEEELHENDHID
&, YKo isobaric analog state & L THEE
TRLALNRTWS 47, 37, 27, 57 kRDOWT,
R & BIER{E & O WB RATIR - To X OKS
BEHEIEFRRT, ZOEMS, OSRPA K &
BT % ¥ — DEIIZ 500 keV BE DR
ENHLHEEZIDL D, HARKIE, OSRPA K
L % 6~ stretched state DhE T % /v F —DfE
%, Rowe 5'"ic & 5 OSRPAFHE DI,
Donelly 5'% i X 5 i fo R T - Z2FUBR 3B
Ofi, Gillet 5'%1C X % RPA FHE Dl & iR
3o HxDFHE L Rowe HEDEWE, FICH
WE—RTF I 32 F-DEORVEEHD
EEbh 3%, Rowe LIZXHR20) THHh T
W B FERI K 5 TR IfEER VTV 5o

OSRPA

(b=189 tm)

B(L)

15

- ||

- .l.l

_ il

——
1

5_ 1

0 5 10 15 2
Excitation Energy (MeV)

# 3 OSRPA it % &L BHWERED
T r ¥ —o HBEEREn,,

oscillator parameter 6=1.86fm,

Wi, OSRPA I -~ TEE XNt 6 stretched state ~DM 6 BB 2 BRBRIEE
Fitrra 1dsr2> Fiasss 16770 B8 5 BRI T, WADFHESE Rowe b DEWE, £ HEERDE
CEXsboEEbh b, Rowe HikOak-

$B53E “CadM 6 BRI T HERRIE,

F1f7/2 1ds/2 F1d5/2 1772

Present b=189 0.535 0.013
calculation

GEEHny) =203

Rowe et al.

0.535 0.012

0.577 0.012

Ridge Rochester shell model code &

F o TEERRRBLZ AR L THEREZRDT

L‘Z)o
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4.2 PWBAICL 3 IASOERBAFLEREDHE
APHREBNTRO LN RERFBEOBREGE TCEX 202N DL IDI, YKD
isobaric analog state TH5 2~ (2T x /L ¥ — 8.42MeV ), 57 (855MeV ) DOIRAT

DLW TRERE & FERE & O R 1778 5T
ZOFEFEREANCRT, K& D, Himihig
ERADOEDEBBERTERFLEY R CHH
LTWBEEL D, I LB, K
A TEE SN 5 reduction factor 0.5, 0.44
DBENTHhTWE0T, BEZEBEIATY,
A

2
exp

reduction factor R=—;
Fi

T TR, XERBRTH LR BRET, Fi
FERAECIARRRTTH 50

5x10° —
2 57

F b=189

- X044,

2
1x10° -b=189 —
x0.5
24

08 16
Qeft (fm")

#HA4K “Koisobaric analog state 27,5
X 5 ETE (n,, 6=189fm)IC
L ARAF & EB & D HiE,

4.3 *Ca(p, n)¥ Sclck? 6
stretched state
Anderson 5'%13 *°Ca (p, n)*“Sc DEk
KEoT, HERDL S AT bz HIE
L, “Sc D = x /v ¥ — 5.56~8.8MeV
(“Ca D = x L ¥ —TiX 13.2~165
MeV) OEIFNCFAET HIED RV IRFBIC R L

CROSS SECTION a(8,T) (mb/sr MeV)

4.0

™ I'|'| ™ I'l'l 7T I'I‘I T \'I T l‘l'l']']r
40 40
Ca(p,n) Sc 12°
133.5 MeV

O P PTT P TT TP T T  T T TT

e}

24
LOWM
O I I P T T T T T T T T T T T T
36’
1.0

O P P P T T T T T T T T T T

o

45
0.25
O T T T TP T PP T T P T T T T T
51
0.1
I\\
[V nARRARARRARRARANRRRARANRARR
20 10 0
E, (MeV)

5K “Calp, n)ScEItiIKL 5 =
g p Y AT oL —
133.5MeV, #H#hlt °Sc Db
IRNLVF—Thb,



THE6XD L > infasfikfle, KboEAZ
5.5~88MeV &I KT 2ASHEEDL,
- =12 5.5~ T7.2MeV O HIRICKH A A5 AL
#H7o Anderson HiEZ DAL HMNE, 5.5~
8.8MeV DRI RBER (7 fy5, vdss ) DL
L L %67, T=1 00 stretched state TgiH
L, 6 OMEZIOFRSETIED 5T 5 &
FEZ T b,

4.4 180°EFHELIC K 3 6 stretched
state

LLE®D X ® 7 Anderson D ERIER LB &
%, OSRPA & X AT x ¥ — D HEEY
BHEW LT, 6 stretched state BWEET S &
Ebh sz x/LF—12~16MeV D HIE I

5a0°F 138MeV |
L 6 _
fo
nE \b=189 i
5x10 / b=2.03  x017
/ x019
!
2 !
F /
5a0°k wW2Mey
5x10° |-
10 et (frm ") 20
BT 138, 14.2MeV D ¥— 7 OIRKAF

L 67 DR C(hAERE ) O
"o

17

40Ca(p,n)4°Sc
T T

133.5 MeV

T 71T

T T

.

/ owiax020) A i

o1 ..}

(mb/sr)

o(8)

001}

| TSNS NS SO SN SN B
20 40 60

8.m(deg)

0Ca(p, n)ScIbict - T
M5 Xt TMeV A3 D e
BED AT & DWIA B L 5
27, 6T RAEL D HE'Y, B
5.5~88MeV, =Al¥ 5.5~17.2
MeV S 5T 5 Fa5 fio

oootl o 1
0

Be6X

W HE— I HEORRYBE Lico B2
mbhbhbIoK, BT xL¥— 138+
0.1MeV & 14.2 + 0.1 MeVIZ H#E§95 < b
SN =R 2ARFLET HDT, BINIZ
DE—IRFEB LI, TD2ADE -7 D
WRHRF &, OSRPA DFERAE A6~ D
PWBAGR L DHE 5 7 KicRd, 12I2L,
PWBA IZ & A HRA i reduction factor
0.17 324 0.19, 0.15 XX 0.16 H38TTH 5o
Kb,
state THAHAEEMED B HEE L DN S,
LhL, “CakkB\\Tsdiks fp RO
D 1o ($12MeV) BHED A HE 2 IHE
6~ stretched state (3 ( 1 f;,, 1dss ) BAAZ

ZD2ARDE— 7 H 6 stretched
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OM BB L > TOLBRENLDT, & ; . ' ' ' -
% H LT\ B =% /VF —FRIIC 6 stretch—  5x10° 142MeV
ed state X1 2KHIELETHETFHEZIN
5o (AU sdBORTFHTHS Mg, #Si
HWTIE, 67, T=1 stretched state (&

I

5x10°
1SFEFLaBREEATH W) ZoF

O TR, 13.8MeV & 14.2MeV D 220D

08 Qurrrr) 16 24
ed state E{RE L, 142MeVDE—7 % AN 14.2MeVODO ' — 7 OFIREF & 5~

: D3 HL ny) & D H#L
000 TS D BRI THIBS 5 = & &t PR (AR SOl

©— 7 DHT (3.8MeVDY —J % 6 stretch—

B Do BIZITH 8D L 51 5™ (OSRPAK F* T oMy

L AT 2 F —1F 13.8MeV IL X - Tt

B35 Z&EMTE S, 1220L, reduction 0% .
factor (2.9 XX 3.0 TH %, LrL, 57 5x10° - b=2.03
(13.8MeV) (2 67 &2 & A LT UHOTR D e
EFDFESN 0T, BTHEICE > T6 R L. N

L5 DKFNTE L fo2 L, 57 (138 % ettt “

MeV) O PWBA K L BTIREF (HZK6 X e g}@é%zgg (oﬁt;ﬁ_%y&? Z ﬁk&ﬁ Oiégo”

107) i3 6~ @ PWBA L X ATRIRF (Ikk

LIXI0*) RHNTH1 /18D A /DT, 57 (13.8MeV) nmrhiL@EpEsns &
B3EZIC Ve 142MeV D ¥ — 7 DROBHSEL LT, BIRD LS5 4™ (141 MeV),
47 (142MeV) @ 2 D0ERECEREGE L LTHAT 5 HELE L DR Do

—J5, “Ca OHEECRAEH R SO BB THBRENDAELSThTW5LE2T, “Cad
6~ stretched state M2 AL LD E—Z7AGBL TV 5EE2 5L LB TE S, (PNikkw
Tit 8=, T=3 stretched state BEAD ¥~ 7 G LTV ED BB INT 5% 0) ZD
E2WHEST, 13.8MeV & 14.2MeV D ¥ — 731 6 stretched state DREEMLH S L LT,
2 OOWREFOFIE 6~ DERENER E D HE 21T - Tco TNEFBIORICT o gor DEL
T, BHMRITERSYESERL TV %, b= 2.03{mODK reduction factor (X 0.36 +
0127, (p, n) R X > TRKD BT 048 KIEWMER 7> T b0 T, 2KD -7 %
217508, 6 stretched state DFEEEILIEA #9 2.5 MeV OB SB L TV 5HE WD



T I I I I T
13.8+14.2(MeV)
10 -
A
10° -
II
0% ’ u
1 | 1 1 1 |
10 20
et (Fm)
FI0K  13.8, 14.2MeV O v — JDOFHRHAE

FoORE 6~ OB MR (HEERIT 7n,)
& D g,

BRI A X 5 PWBAFHE LT e -7
Z DFER, WIRAT DL OSRPA # A1z
FrE R L TH- o, MERBIL TIXOSRPA
ERGCIREL DB EBEEDEVHEL Lot
86K, LLED reduction factor &% & %
TH<o

19

Anderson LDEHR &£ b —%K T 5%,

Z Z Toscillator parameter b &2\ T
fh Tk <o 87, I0MrLbME LK,
13.8MeV, 142MeVOE—-Z7DEBL LM
AT FTH 6 stretched state 712&45&,
b LTE1.89fmE DA 2.03fm DFHE
BLEDAEVDRV. THIHK LT, Anderson
DR B AW IER b= 1.89 fm TH B,

U EDE T ~10KDEHERIT, Gillet 5
REBhEEn ¥ ACIERTHLH, “Ca
D1"DERLSRDLEER 0, A1
RRFORS EOBHEEE ST, reduction
factor Al CIETH -7co ol D oI,
6k APFFETHEDLNI “Ca, 6 stretched

state @ reduction factor Ro oscil-
lator parameter b= 2.03fm,

OSRPA -

g np

R 0.36 £0.12 0.36+0.12 0.27 +0.09

2 ¢
Mg(e)
©=180°
E=180Mev

13t

45 foEFKICHT 0
% stretched state
E D& :
FFIbC, “Cal M 3
©sd BOEFHTHS :
Mg, ®Sim6 T, T=1 é
stretched state & ABf5e ) & 1t
CHBR AR L O V!
1050 LUFT, BIBBHC 35 N
W 180° B F LI & - o )

THR ST 2 Mg O A~

12 11
EXCITATION ENERGY(NEV)

“Mg, 180°ETHEEI LB 27 bY AHBEF
F L F =% 180 MeV o
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7 M RENRCTETY, Chas 2 X & e E1E BTHEKCLD sdBED 6,
T=1 stretched state ® ffh# =

$5E, Mg D DhEESLD BN DTS < RVF — DEBRME oy, FERRIE
6~ stretched state 27 Ic IO H L o3 o En & reduction factor Ro
. Eexp Eth R
EDbmnb, KiT, *Mg, 28Si, “Can 67, (MeV) (MeV)
_ N N 3) 14)
T=1 stretched state DT x/VF— LiE 2\g igé‘“ %Zg“ 83?

B OWTH TRICE Ll Mg & #Si D
SR EROWLEG TH LD LT, “Cad
MERBEROESLUTTH D, Zhid, ¥Mg®
BSi L HRTYCa D 1dy, BE 10 r
T LA IESLEVWHIEHD, FO | Reduction Factor
Feh b 2s,,, 1dsy, UECHEET
BEFh 6 stretched state Zhid g, . “pp
FAMOBBCESLIIEL, 6© 05| ClodMes T
stretched state DHHE A FHH T e SNig™

LeEELBIELTESY, ®Nig-

stretched state (X sd B8 LL4t+ N
DEFHCETHBISh TH Y, o 2 2 40 0 60 208

£ OB IR 5 ~5 LB Mass Number
122} 12K EFHENC L - TR S s stretched

89 14.49 16.9'4 0.53

wea 138 140 0.36

ERTU el ZORTEHI12K state DHREE T RBRT — X (ZEhEhKO
o N YA BER Lz, 2C 23), '°0 24), *Mg
g o BT N THEATT AL 3, 4), #Si 5, 6), “Fe 25), **Ni 26),
k- Ciilsbhle C05b, "Ni 21), **Pb 2100 L0, "Mg,

®3i, “Ca, ®Ni, ONi O} REFOEH
“Mg, #Si, °Ca, *Ni, “Ni DO BIIZOSRPALAVLN TV B,

RAEFOHERHFTE T OSRPA B3 A

WHRT W5, AP TE LR YCa @ reduction factor (X ONi L Dz k& WhDoD, fils
DETFRICHE~ND LN, Zhid, *°Cad 6 stretched state 2353 # LTWT, SEIOMHE
FCTREDHF AL EMTERM Tl ERIDELELDND, T1c, “Ca DREDOEER
BEH, APFFOBHRBECEVTELCEERRELOL, b sBHCL T DI LR ED
EhEZHN b,
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§ 5. ¥R

“Ca D 180°FFMIEETHALIC & - T, BT /L — 13.8MeV, 14.2MeV  Hiz H3REE
D= I BBHIS Wi, 2R HD E— 7 OFRRTF & OSRPA DR % IV 7o PWBA 1 X
LRHET L AT 52 E1E0D, 2KDE— 74 (1f,,, 1dgb )R ES 67, T=
I & stretched state & L TEHBITE 2NN H 5 C Ehibh o Toe AR THE LRI
TxAE =L, (p, n) G E5KB LB LNIME, OSRPA KX - THANCTHIN
LiEE B =T 5, 24D K — T 67 stretched state LRE Liz& %, reduction fac-
tor (% 0.36 TH - 1o

2KDE =7 D16 stretched state TH5HZ & %R L, reduction factor /N XU ERA
ERLICDI, LOMEHEEORVERETR > LENS S, F1o, stretched state D43 B
EFREED quenching & X FHATE 2 L5 kEmOKBEHAEEN 5,

e % X oy
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THEOBE KW (1) ®Cu
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The giant multipole resonances in ®Cu have been investigated by electron
scattering. The conventional method of multipole expansion is extended to treat all
of the data in (g, ) plane so as to deduce the multipole response functions.

The excitation energies and the widths of giant multipole resonances are
compared to the neighbouring isotones. The presently measured C1 component is

shown to be consistent with the photo reaction data by the Siegert theorem.

$1. &

WA BRI & LB EELERE, B bECKE TR T A bR TR D), &%
TR EASIBO BT % 0 F— (B ) RO (') 0 BBBKEE S EA< DR T 5002 L
p LABICR LT, BERRBETREMNS LB FHEERIBETAbA T ol 2
RIS HNDE LI Lo C, BREAKEOBICE,, I'OBREEEKEED £ 2AEPhS
CEbEZLA, FTROEXBOMEE H L SR RIT 50 LSS S h 5,

LB E LT, 84T R BEC s BRI S8R — 20 BE 2 L Tir 35Cu
RO, FHCHERS % B BT COE FHELER A 77\, B ARSI S\ T £
AT - T,

FLKECTFEL TV B CunERT — & L SEBLN-FRT — 2 L% I+ 20 b
ST, ARDTA VRI MABEREBO TA VALY AT o T4 v 7 &, KERED 71
VAEYDREELDOBIRDRG O, TH VAV KERC S\ TO HBIE L H 5, e 7
1V MNBINEBEXRIBDOT AV ALY AT ) v T4 VIO WTRBERBTEY 2 db
LIC07DT, KOCERAEH - LT 5,
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§ 2. EB&

kR TR S sk 300 MeV B TR B bl 2s 1 DO BT R % SCurcBAL, Bl
BEF A ARMETHEARY brA—2 (LDM) TEBRESHLIE, EEAEECHB383F v v
FONEARIE (S S D) THIE Lic, RV 28D & —7 > b DR R OME S
H1FCRT ChHbDx =% v FOMETE, EASRBEEC SCullpo b o TEL
LB AL EREMHRO T X NVE —SRER S 2 Fird, HLI R NF -5
BEITAE & M RO ¥ — 7 OMEE A R LT Do AREBEBTL E. = 20 MeVTOfE
kD, BIE LT R AF-—RETISNELOENHLNEL L50MeVETTH L0 9
L 0D EBR AL TIE, BOKTEEIVN VDT, BRE EF I B E =Ty
s foo MO EBREMCR TR 2 —7 o b E AV, CHEUTOREC &5, Bkl
HAWEREAIEEICA X\ &, L0 LB HO R HOBROD, B A SLIR SISO IR ICK &
, QB L, T D, WEETRIE HIER IR s SHTERS ( external radiation YERINEL T B
DERBLH, O, Z—47 v hOEIDHECHHITLDT, B BCELETHE AR E
EEC KL T2 — 7y PR L,

1 K ERHEC LS CuD A w1E ERTHERLLEX-T v D
FOHEDEBREBT (e ) K, K 5 & RO
D5 Bl EBR SR G 578 2D s B R &=y b Box -3
BOOEY T3, 2 CEDWBA KK X a %Cu 10. 1mg /cm? 98 % L L
ZEE 2 — KDUELS% v o, BEE b *Cu 80.24mg/cm® 99.9%

R®EL LC, Clic o\ TixGoldhaber —

#2253 EREHRO T ILVF —5MREE.

AStEFTIE— B BELA 0 T RAF e ﬁ%@@hﬂﬁvﬁ A=y b

i E,=20MeVT)

i (MeV) (deg) (MeV) (fm™*)
1 100 30 0.29 0.29 a
2 140 30 0.26 0.39 a
3 140 40 0.25 0.50 a
4 220 30 0.32 0.59 a
5 220 35 0.28 0.68 a
6 220 40 0.30 0.78 a
7 220 45 0.31 0.87 a
8 220 50 0.30 0.96 a
9 220 55 0.30 1.04 b
10 220 60 0.31 1.13 b
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Teller & % C2, C3, C4 &>\ T TT T TTTrTrT
“_-|2 12 3456788910
(X Tassie B #EL T 5, HKERE b
arb.
DEFHIAL, 2 ZBH Fermi 474 e
Cl C2 C3 C4
,0(7’)2 O 101
1+ exp((r—c)/2) (1) 5
¢c=4.214fm 2=0.586 fm J
EHRWIco ZOREO C1LES D CABE Wt
THEFAIN DB WEBR TER N T T
WA EDGh B,
BONIANT MVRIBHBESEL, R
U&MTllE Lo C MasEmmEE T X v
BB 21T I\ EEL A W R
d®e do ,,
deds, M7 ag, LR B2 D Q) 05 10 ()
BRdte T T Conid Mott BTEHE, 735 Yt

RS, ZREFES,
R (qetr, E, NI

1K CCuDHRETD gorr HIFH, -
DFE B ELFKENT, REFES L ThiIC

FE’!}“% Geft D {ﬁo

ThbHo N L - Tk
DI REBEB O oh
5_’%2 IZHIC%TO

st

“R(Gerr Ex)

10 20 30 4Qqmev)

Ex

(mv‘“f /\\*\'M.L‘*QM@\\/“QOO

1\ J W “:\‘M_W _Jovey 4
| AT o
J{]M 220Mev  45°
M\w\w 220MeV 507
W e 200Mev 60°

20 40

F2N KR LS TELNICNEREE,
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§ 3. BRTAERUER

HEOMARDE, qorr I L o TILEBIRD e © 7L F — KIFEDZEL LT B & DD
Do CDZELXDOCUD DRI XK —FIRICIE, B DESERELR S OO
EREENEIE LT B0 ER TSNS, SEIIHECCL, C20EXRIBICERL T, ThbH
DEEHRIEENS 11 MeV b 37 MeVOHIDERT — 21 >\C, BIFRl~S 2800
FIETHEN AT -1

3.1 BEBE—IHE

HEEBRBAT qorr, BRI KVF — E, O 2ERBIH L LUCEBBENAELOR 580 5%
FHELD R A FIH T %o

HOLASBET IR NY —, HOLHEATHES NREBEEICERTHEE NI o - Ut

© BELDLBS

@ BEAEBERIES
B HHEERCNLEEZLRD (UTODLHEM) o QWL 2mo s — 8 VI & 5 BA3E

-4
10
MeV')
8__
1
i l‘
NS
SIS

“(‘\\\ y ”‘*H\

‘
-
7 .

— 7

10 20 30 40 (MeV)

EXCITATION  ENERGY

#3X  E; =220 MeV, 0 =35°THIEINLIEEREK, OE
Db 5D, OREDIVET,

RESPONSE FUNCTION




27

WAL D> T bEEZ bR S, @ISR ICEEEIRAED SO BFS-, B, WL
DEDOREODREVENREZL LN L,
O % FHIT 5 Hic, EALWREO ISEBIBCH LT, RDOA. B. #FEET 5o
A. BEEBESG D ISEBIBD g WEMITRTTEIA CHE LI RETD ge REE(HE
IKDE-TEENS,
D% DEBIC L > TZDOREDZ BT EMT LR T S,
B. #ILROISEBRED B, KA, hOT XV ¥ —Ee, BIICE > TEE S Breit -

Wigner o
I\
(5 E.
BW(E, Ep, I')= o 3)
et (7] F
S,

COREDFEL I DWTIE, BTH~<%,
KT, 13EAEBEED IO BG@u D 5 BT
C. &£AX7 T, Ekéﬂt—ﬂ%u%@fﬂ’iﬁ}ﬁ%b, THIZERQCE, , b, b’ )TEINS,
LARET %o
CITERT -2, BRROV OhOBERFBTHR TEXS 40 L35, BERLBLR
T HIDDRT A =2 (B a, LT RAVF —E 80 &, Q% E THEHBYRETS R
TA= L%, EFRBRT - AN L TWRYR/NEFEETY + v T EZ LRI OKDI,
R(qess, Ez ) =X ac; | Fey (gegs DI *B*W(E,, Eg, I')
+Z acyl Fey (gegs VI2BW(E, , Ex/, I')

+QCE,, b, b') ’ (4)
CCTAT A= 2 DET (HBOEX3DE(ARTIADEX 2 ) EDFRTH b,

S EHT T, CCudBHEI, FfE TR/ F— 11 MeV 15 37MeV DRNCHFAET 2 &%
ZONEROMSDERIBEE X fog - WIS ™ & &> THREDHER I N TN BT A
VYR MR FEREE (IVCL ), RO T 5 EBEO KRBT — 22 1 Lo
BCU DWW THHFHETLERBDNETA VAH T —HROT A V7 b ARIPIERFE ASLE
(ISC2, 1VC2), LM b, ZOBBRCHENPIHIRTEY, o < ShpE
TROEBRV LS TRRINTWETA Y AH T —BBEBTIHE ([SCO) e ERIT X
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o~

D2y h ABI0EDEBHRTE
, FoickBE AMEEEL T
ZOT, EH3UAD ST A — A%
FEr T - A HRLBEIT A X
5D BONTREREY AN
y b THELELD RS 4 RICR
4, 48D Breit - Wigner B3
BROERTERT — 20 L (H
BXNTD L&D Do o

DRI AT D HER & 1T ® EXCITATION ENERGY ()
HAEBRTEAMELE L, 55 ’
BB THRT S L LR
B, NERE TSR RET S 8T
A —23BpRIED 5T

3.2 SEEEH

3.1 DLEM Y — 7 s HETIRE
SNTREEDL D B

R( gest, Ez ) =R(ess, Ez)

—Q(E, b, b)) B o

CHET 5o HLSEERADISE ® EXCIIATION ENERGY tieh)
BRI qorr IRV TSI T3 4N 3 1OSER/ Y — 7 FEEOKRO A ~7 b

\ L 2FER, ¥ — D SEMEDBITRICAE S 1
BLEBRETO gers RIFEHEIC X T BDT, IS 1 KR L c&LEBRO T

LTEINhL EE L, KET RETD gesr WA HE > TEILT 20

FNF—E, D Rx(qess, E, Yt LT

6xl

“OMeV 30

[e2] o

I~

RESPONSE FUNCTION®Me

~

3

VOMeY 3

(=)

@

-~

RESPO NSE FUNCTIO Nvey™

Ry (qgess» Ez >=:§acl(Ex>\fyz(qaf)P (6)
LEANEEETT 9 FLT, ay #RET S0 & OTHT I ZEEBELRDL T 5o
BB DI IBIL L - TELTWAEELLNLD T, LEBES & LTIRBEED T
LEZLNBECEEBECL, C2, C3 ¥H i, MR HEUC R4 ZHRETD gers
RAFHEDICO L C2 L TR EAERLTHHEN T, ZDCL, C2, C3IDFHICL-THLA
1C2HME, COBSrE C2ZEADMTHLEEL LN %o
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10
_A Ex=15MeV *DATA o
S < 140MeV 30
Z z
—~ OB
a6 =
2 O A
W 56
¢ ©
i e
o =z
2 %
72|
i
1 (56' 15 20 25 30 35 (MeV)
EXCITATION ENERGY
o5 10 (fm?) 10™
Qett Tl 0
v 220MeV 35
F5N ZEBY -7 5ETRE I P
BEED BB WOR Cdetr, Ep ) — =8
QE,, b, b)) KT HEEME O
B, E,= 15MeV, Sol N
e
1#l& LT, gz xvF — 15MeV 9, //Elﬁ\\43\\t:ffi‘;‘;‘:f:' .
CRAVTEHEBRE LR LS M § |7 e T T
b2t T E—
Tto COREO, TORMET R F — t
T C2 B g < I ilg 2T i 3 ()

20 75 30
EXCITATION ENERGY
FOR 3. 20RD AT PARILETR,

L ED gD 56 KICHEMER L
THER DY AT PV TERL T A, &
TR ABO ISERIBC R LT E, RER A E LT LT, Breit -Wigner b0
FThhohbo

3.3 MR QLR

3.1, 320 FNENDBITHETE L NICHREY BT 2%, 2 2ORYERTHTN
CETe 22T, CO+C2 APV TE, 3.1 DR — S8R T, 3.2 DREREZBHRT,
EFCIBTIEPWTIE, 3 10ERY 2 S8R T, 3 20#REIMTRL T %, 3.1,
3. 2 DFERICF NG ERE IMEN L ZE D, 3.1 THULEAIBDISERRD E, KF
#iT Breit-Wigner BUICHE> LW HREBIEZEXMTHHLEEL LN, $fc, 3 1D LEHBY
— 7 BB AT C3 BERBAE L e o fehd, COZEMCL, C2ERIMBZRET 578
FA—4, Ey, TRKESHEELRVEBbh D, Mo TUTRBNLHEL R0 F - ROE
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o @Fam i, 3 1THE LRI ER UV %

<Mewwf 220MeV  30°

5 20 % 30 35 (MeV)

BT TS 1, 3.2 DR B,
1 ESRIT 3. 11t X% CO+ C2 Bisy, BEkRIT 3.2k X AC0+C2
B, 2S8R 31 XA CIE, ITRE 3.2tk A ClLE .

§ 4. BEEEREOHR
3.1 04—/ HEETEL N AEKRBOMEL % L F—, B, RUTRLF Bk
HERE(EWSROO %, & FHEAERIC & - TR DR BBEBZ NI %20 il

H3E SEELNISCuDBEREDFET XV F—, I, TxLF—BELFEMA L,
BEpEEAE 2ND P, ¢ ZnY X HOfE & O,

L= ISCO. IVCl1 I1SC2 IVC2

=K
Ex I' EWSR! Er I' EWSR| Ex I EWSR| Ex I' EWSR
5751 MeV) MeV) @) |MeV) MeV) @) [MeV) (MeV) @) | (MeV) (MeV) %)

62N j not 1.9 1.5 16
Ni sbeerved 180 60 115 S0 0 01344 104 59
Cu | 16.0 2.9 174 6.9 130 | 13.0 7.8 103|292 16.3 150

X 17.7 4.3 63

214 35  4p|150 60 497304 50 16

®Zn | 182 4.3

% o BHELERBT LA BREY
WX EERINI X AN D fE !
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K 3TN S, T2, PNidET# (MeV)
FLEBRIICI T SN DB gl B 35
WTETEbhbhTEL T, CLEGDE Ex
T ERCB LR TV F 7, ®Ni

R T, BEAIBHEEIC B 5Nk
RIEEBRIfTIehbh Tt 65T
22T, NI ISCLEXRIERIR 2
WG X 5 °Ni o B 57

LT\ 5o F7%Znod ISC O BRI 20
o BEC L > TELRIEY THD, femomcsm---

g T 2oL ¥F - ROEEBEEERE |tmomeT 63
B A AICEINKIC TN L KR LT, T
IVC1 EXRKBIIBRET AV AL YD -
KEILL-THEETHDT, ¥ZnD
IVC1EAEE 2 20 #BI 51T 5

IvVC2
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va

5 10 5 (Mev)
/A

8 2Ni, %Cu,*Zn® JUEDFhFL TRV
hTuw b, LL, 4E0%Cud @it ® El:\f“ﬂl'l(f@li Eﬁﬁ;ieﬁlﬁi?{;:gbﬁz%iz:

3 5 RN SRR Zn, FEENII B T R L F —, B

T, KT A =& P H BHR o ,
" RS TG T < IR CH Do

TLE1IODOB L LI, ONiD

IVC1d—2DIBLEEZ T D, F1%Ni O ISC2 BT 2 EBRM ST 5, 2 BT D
NTWARBI DN, MEDOEIFEDOTFHLEERMRDOHRI ANV F—LFE2 5,
D Lo L THER T > & CCuDBE AR it 3L ¥ —iT, SO DT, B
BORIET BEL DKL Tv 50 ROV TE, HPECEWSEREIRROR S,

COBREEDEE L ERBITE SBICER DA, FRATERIC R F o BEMELC &,
¥ o FRSIREED RBBFE LB B EZDRRE LTEL bR 5,

§ 6. EBRICEDHLE
S [l BT HELERCHED W LEBBC 95 CL RGO RE S %, HBBUGIC L 59
F R OB TR O £ MO M Bl § 50 ¥ FRIEETEREIL Fultz $ic X THES h

t2a(r, Sn)=0(r, n)+0o(o, 2n)+o(y, pn)¥ HEA L, BT M oW Hb
L S THEIREBFOREBA0° TOMSEEE %, EHRNCHTIRE IS EE 2
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T4 nf5 L TRDTo KRGO WERL, EBEBTIHERCNIVWOTETE 1 BB L
BEDTHHEFET Ho Siegert DEHELHVTE 1 DITFIEHR N H CIOFTFIERLE X,
1 RICR L TRETO qucKIEMEL 0, KERD gerr WHIGT 5 C1 RO RERB %G
Too ZOEHICLTRIES12100MeV30°IRT 5 C1 BG4 Bl 52 7 —4 LI I HIC
—E PR TR T, FIRHC 3.2 O S EBEMO R %, C1HSITBAMNERT, C2HIIHRT

/I A + + + R
(Mg/' 100MeV 30

3| Qe =0.29 fri”

N

R(QGH,EX )

15 20 25 30 ¥ (MeV)
Ex

BN SEOMITTHRLNL C IR CRAMITHE ) & BRKIEDO KR T
—2XDRDH 51 ClLES (—A888R Do BEMITIITEALHEED
RS

R LTe AEBRTEONIC 1S, XBRIGD EBR T — 2 % Siegert DEBE % AL THE X /e
BLECIES &, MERUBRE R NVF —KIFEDRBO TI—H LT 52 L0500, W
RISHR T ST E A% AR T 5 & & 009 hhibh 5o ¥ I BEERAVICI Siegert
DEBIIRCMONTW A0, ChBENVWREDBNLZ R LICHIEE 5 % b

Wi - ORI ER TRENT WA BB WESIC OWTE R b OB TIRET R
BITHDVNE VDT, BROSEBES 1 HOFHFLIZE AL EEZDRD, 5T, KiC
EHRTRINTO BEEN LV E T, B EENEEROEO R 000, o LISBEHC
X 2##. (instrumental scattering) K LA bDEFE 2B %, BEFHENIC L > TC1 T
RIEHCRNL BT, ChboBE,LET NS,
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§6. £ & &

SEOFEBC LY, PCudC1 RUC2 EAKBOFHE T * v F -3, BEEMEE NI, *Zn
DFIET HECHEAEL, FHTOBIEL > TOWEERG I -1 L L, ThbDER
ECBEORTE 24 2l 0IELOENH LD T, SEDERNM LI T XV F— LIEOH
BRGNS, B AREDB TR ZEFEROITHILARIBELLEZELDN L, 2O
MR S kEm A 152 B, BRI LT LRFEMCER T, 72 2EHT L4
D Do

Efe, BTRAEL TR COMRE C2 LK T 5 & hiHK/iL DT, AERBRTHELNL
E.=16MeV AR DEOR =7 BT 1V 2AHh 7 —-BBFERLBLELIBETER L,
EERRICHDNT A AT, BETENERT - T2 BAESMLBRR AR TD /N Fo vEEL
EBRECCulc ML CTHed CEndEh b,

& Z X oy
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4) HpERR A E s (AR ) (1980).
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RIETl ShTh50, %
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R\ BT R e 5 T B,
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STehd, ZTORFRIE L) D
RPN D, HAxDF
BRIIBREE Be D& L~
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B LTHb, Thicds
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. po &y OBGIEBERILAA LHELHIT, ps KOHKER 20O E= I &
HitEa R L, 20T 1 HO FORIC ROh 5 ILCHIET S b0 &£ 2 bR b,

SN, po i BARB T, bo LFFL CHAWERAMEL, SHICC— I OEETO
5 A% B Lleo ST R EBRIE I O\ TIT R 56

§2. EE&

KBTI 1 ERREBO RHBEBE AN F 0L =2 =TTt A7 ha At — 2 —DKRHE
100 EDS i (Li) KT 5o |

"B DEERIE 96.5 BIRMEO W K % S IR ¥ TES1 b T, B X310.0mg/cn? TH 5,

BOMEENR A B 0O0OFERIT, 27 bat—-2—-%20°% Tty bL, BTHI XL
F—E,=13~31MeV T 1 MeVRERTHEIEL, Ec=20~27MeV Tit 0.5 MeV Rl T
HIE L foo

oA Ec= 21 ~25MeV % 1 MeV R T, AL 30°~ 140° % 15° 72\~ L 10°fd
fmCHlIE L1,

HEF OBEMLSNC, Ny F v 7DOE&BICOVWTHIIEL, FORERIT, A TITER
RO 7759 NEBRbRAARED, "BEND L EORBHHD T, 4540 HE T
X, T NTOREBTELEBEOWMELT, Ny 7757 v KRELB N, L L, 75 L ED
AT %D BET O BEMD 2 BLTFIcHDT, 5 B iR % 58 51200 90D RIE T
ik, UBEMOZOBPIESR L,

§ 3. AERRELUEBR

ART b uA=Z=THESNIAEDEF A7 PVIRETEIOHE LR Lo T, 22k
WELVWD, BRI AV F-N1IMeVITORILLIDDBFTFARI bbb, T4750Y
Z e AR M ERBI, E.=25, 24, 23MeVOBTART bADHERTES o7 1 7
FLVR S AT IV DBI% R 2 IR T o T4 77 VYA« ATV DIED T, 3 DD ABETH
DAFENT AT P VEER, A7 ML N D BRI @ BT AT MLaN, H %L IX, &
CHRBL b A DT ARY BV BN, B N2 T, 5 2 BB SRIE 7R L e BB Y T IS U RARIE T 58 5
NHE5ERBa, b BRDD, TDFEM a, b HBET AT Muny, ny, @3 T, n—an,
tony DFFREEXLTT 4 77 VYR AT MRS Do DT 4 77 VY Z e A7 f L
HIRAEEATFIBEEEL-0T, (e, p)KIEA(r, p ) RISEEHR IR,
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MO T4 Ty LV R e ART b,
0 =90°ICKFBHE. =23, 24, 25 MeV D 3 2DBEF A7 i flEET
YEatleT 1t 77 LY A AT o FORIL E, =23, 24, 25 MeVORALT 2
R M NEHETE > RBBRANTORE 27 b VERD R,

B2 Do, Diu, PsD My TOZFAF —HPRINTED, ZD IR ALF—DFID,
D1 DINENE= T Ep D REVWE—IHAEDLR TV 5, 2D EEDT O TR NF L2
IZFE, =240 £0.5MeV £ 525, ZDXORLTHE Dpy, Pia, Ds & 5B L THIKT
HEREAZRD, 777 LIcODBEIHTH D, E, =21~ 26 MeV Tidps (ZIFF S, B
WE— 7% 2D% 5 T Be THEMND T R NF =Tl py ¥ pioy & ARED B W HE /5
> TLE Y,

ps CEbhIcE— 27D % VF -3 22 MeV & 24 MeV T, Hughes 7=bDE7 B 20.1
MeV & 23.1 MeV i, Bfs 8% RFo BHC 22 MeV D E— 7 2$6<, LSO FHERT
BT AHEDEEZLNAENOBDO L« 2F — A% I H - T 7o\ IR A LR
D B IRREI 1T < BT CHIBER 2 0 ~5 &, #lxiX°Be +p RIGTIR R AL EAFREND
5o

AOAITAE Y 30° /5 140° F TOMT 9&A, E. =21~ 25MeV T 1MeV [k THE
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Tagged Photon Measurements of “C(r, n), *C(7, p)
and “C(7, pn) in the Intermediate Energy Region

P.D.Harty?, K.Mori, Y.Fujii, T.Suda,

T. Terasawa, O.Konno, M.N. Thompsont,

Y. Torizuka and K.Maeda't

TSchool of Physics, University of Melbourne,
Laboratory of Nuclear Science, Tohoku University,

TTCollege of Arts and Science, Tohoku University

Differential *C (7, ngos ) and *C(r, pos ) cross sections have been measured
using tagged photons of energies 20 MeV to 100 MeV. The cross sections exhibit
similar photon energy dependences but differ in magnitude by a factor of about 5.
Measurement of 2C (7, pn) at 98.6 MeV suggests that most of the (7, n) cross

section is explained by this (7, pn) process.

§ 1. Introduction

In recent years attention has been given to photon absorption processes above
the giant dipole resonance (GDR) and below the pion threshold.

Among the various models suggested to account for the photonucleon reactions
in this region it is notable that the single particle direct knock-out model has greatly
underestimated cross sections for the (7, n) reaction. Models based on absorption
by correlated neutron-proton pairs have done much better in predicting the magni-
tudes and angular dependence behaviour for (7, p) and (7, n) cross sections.
In particular the quasideuteron model'’ which is based on the cross section for
photodisintegration of free deuterons, has shown quite good agreement with the
energy and angular dependences of data for 0?2,

Also notable are the calculations of Gari and Hebach®* , which use a model

that starts from the shell model and includes correlations in the initial and final



40

states, with exchange current contributions becoming dominant at photon energies
greater than 80 MeV.

High resolution photoproton data have been collected at Glasgow®® for several
photon energies. Peaks corresponding to different states of the residual nucleus can
be seen. At Mainz photoproton and photoneutron angular distribution data®"®
have been obtained allowing comparison of the angular dependence of these reac-
tions with predictions of models such as the quasideuteron model. For '2C other
(7, n) measurements have been made at Saskatoon® and for (r, p), data
from the National Bureau of Standards!®’ and Torino''’ have been published.
From these data it is notable that in this intermediate energy region there is a
lack of data covering a large number of photon energies.

Using tagged photons it is possible to collect the data for a large number of
energies simultaneously thus allowing any systematic energy dependence in the cross
section to be measured accurately. The recent construction of the 150 MeV pulsed
beam stretcher'?’ at the Laboratory of Nuclear Science, Tohoku University has
made such tagging experiments feasible by providing high duty factor beams. The

results presented here are the first photoneutron and photoproton measurements in

the intermediate energy region for tagged photons.

§ 2. Experimental

13) provided

The photon tagging system, which has been described previously
tagged photons of energies from 20.9 to 101.2 MeV, in intervals of 2.6 MeV. The
tagging efficiency was measured to be 50 %, using a lead-glass Cherenkov detector
in the beam to detect the tagged photons.

In the photqneutron measurement neutrons emitted at 63° from a 37 g/cm?
graphite block were detected using 4 separate cells of NE 213 liquid scintillator.
Photons and electrons were eliminated by the use of pulse-shape-discrimination.
Plastic scintillator “veto ” counters surrounding the cells reduced greatly the

number of cosmic rays reaching the detector, as well as eliminating protons

emitted from the target.
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The threshold energy for neutrons was set to 6 MeV and the efficiency curve
for different neutron energies was calculated using an efficiency calculation,
TOTEFF!* | which has been shown to compare well with experimental determina-
tions for similar detectors. This curve was checked by measuring the deuteron cross
section at low energies, using a heavy water target.

Neutron energies were determined by time-of-flight ( TOF ) with a resolution
of 10% FWHM at 20 MeV, worsening to 20% at 80 MeV. The electron beam
was limited to 2 X 10° electrons per second in order to keep the accidental coinci-
dence rate below 5%. Background was determined to be 7 %.

Attenuation of the outgoing neutrons by the target and plastic scintillator
“veto ” counter was calculated to vary from 10—17% for the graphite target and
for the deuteron measurement range of energies, 11 —12 %.

The 2C (7, po-s ) cross sections were measured at 55° using a 288 mg/cm?
target. As detector'a proton range counter was used. The counter consists of 12
plastic scintillators which are used to determine the proton energies by the energy
loss and range of the protons through the scintillators. Electron events can be
discriminated by their lower energy loss and range. The optimum value for the
number of electrons was 6 X 10° per second. The signal to noise ratio was estima-
ted to be 14 to 1, giving a background of 7 %.

The *C(r, pn) cross sections were measured by using 8 X 1 cm thickness
plastic scintillator proton detectors in the path of the beam. The first scintillator
was used as a “veto” to eliminate charged particles from the beam, whilst the
other 7 were used as the target. The coincidence between electrons from the tagg-
ing counter and the protons was made first, so that a narrow coincidence gate was
able to be used. This allowed a beam intensity of 3 X 10° electrons per second.
The neutron detector was at 70° to the scintillator targets. Background was found

to be of a similar level to that for the single neutron measurement.

§ 3. Results

Double differential cross section spectra versus nucleon energy were measured
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for both the neutron and do

proton experiments. From aﬁ( pb/Sr) L 1ZC ( Y ] F%)~3)9=55°
these data the differential §12C ( Y‘ n0~3)6=63°
cross sections for transitions 07

to states of the residual 801 %

nucleus, up to 5 MeV 701 {’

excitation energy were 60t %

determined. These data

are shown in fig. 1. The 507 % {{{4{‘

reason for including the 40T % %

transitions to the first 30t % ;{;

three excited states is 204 % %%

that at higher energies 1ot %&4 FI—LE‘LP

the energy resolution is W"ﬁ—;—r—i—pﬁ

not good enough to 30 40 50 60 70 80 90 100
distinguish separately Ey(MEV)
the peak due to transi- Fig. 1. Differential cross sections for

2C (7, pos ) and *C(r, ngps ) at
detector angles of 55° and 63° respec-
tively. The error bars are statistical
only.

tions to the ground state.
In fig. 2 typical spectra
are shown for the proton
and neutron cases. The
excitation energy of the residual nucleus is shown on the horizontal axis.
In fig. 3 double differential cross section spectra for *C (7, p) and ?’C(r, n)

are compared to that for *C(r, pn) at 98.6 MeV incident photon energy.

§ 4. Discussion

The main features of the data shown in fig. 1 are the difference in magnitudes
of the (7, pows ) and (7, mys ) cross sections over the entire energy range and
the apparent change of slope at 60 MeV for (r, nos ) and at ~ 75 MeV for

(7, pows ). Calculations based on a quasideuteron model predict magnitudes for
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the photoproton and photoneutron cross sections that are roughly equal at 90°,

with only a 50—60% maximum difference at forward and backward angles'®.
The difference in magnitudes of the experimental data cannot be accounted

for by the different detector angles. Angular distribution data for *OC7r, p, ) and

%0(7, ny ) at 60 MeV'® suggest that at these measurement angles there should

be only a 60 % difference between the cross sections.

The factor of 5 difference

between the (7, po; ) and ’g)
(r, ngs3 ) data is unlikely B ] 2c( Y,P) E,=649%1.3 MeV
: =55°
to be due to uncertainty in % (a)
the neutron or proton cross 35
section magnitudes. The g
D (7, n)p cross section = o~ 4 . b,
P Q .20 1000
was well reproduced using n C(r,n) Er=64.9¢13 MeV
] (b) On=63°
the same neutron detection % 5 1
o
system. Also the cross g
sections for (7, ng,; ) Mm
20 10 0

at around 30 MeV are in 30
EXCITATION ENERGY (MeV)

agreement with previous

GDR data of Jury et al'”, Fig. 2. Double differential cross
section spectra for *C (¢, p) and
2C(r, n) at incident energy

is accurately determined, at 64.9 MeV.

suggesting that the magnitude

least for low energies. The
proton data is also in good agreement with previous measurements.

The changes of slope seen in fig.1 suggest that a change in the dominant photon
absorption process occurs at these energies. As there are very few data for similar
light nuclei using photons of 30— 60 MeV this behaviour has not been observed
before at such energies.

From the spectra of fig. 2 the peak corresponding to ground state transitions

to the residual nucleus can be seen in both the proton and neutron data. However
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the “s-shell ” peak that (a) IZC (1.P)
has been observed in 41 Ey=98.6239 MeV i
1 =55°
quasi-free scattering 3 Gp
reactions at 17.5 MeV o 2
RE; :
excitation only seems %
1 1 t 1
to occur in the Cr, p) 24 (b) ‘ZC(Y,n)
data. The peak observed g— Ey=986:39 MeV
‘ <34 8,=63"
at higher excitation % 2.
energy in the neutron = HW
(@]
spectrum may be due {-})J S SR e i o 2l 2. M PO,/ B
12
to neutrons emitted by n 41 (C) C ( Y. Pn ) 1
0 E,=986+39 MeV
the (7, pn) process. 8 3% 8h=70" +
O
The data of fig. 3 24 -
suggests that most of 1‘%
the (7, n) cross ‘6:0 4:0 T 'OL ' o
section at 98.6 MeV EXCITATION ENERGY (MeV)
excitation energy is Fig. 3. Double differential cross section
spectra for *C(r, p), ®C(y, n) and
due to the (7, pn) 2C (7, pn) at incident energy 98.6 MeV.

process. The measured

(7, pn) cross section shows no structure but increases monotonically with excita-
tion energy of the residual nucleus. A similar behaviour is exhibited by the Cr,
n) and (7, p) cross sections. The (7, p) cross section is much larger than
both the (7, n) and (7, pn) cross sections suggesting that many protons are

emitted by processes other than (r, pn).

§ 5. Conclusions

The data presented here suggest that the *C (7, pys ) cross section is a factor
of 5 bigger than the 2C (7, n,s ) cross section over the incident energy range of
50 to 100 MeV. A previously unseen change of slope occurs in each of the 2

cross sections at 60 MeV for (7, ngs Jand 75 MeV for (7, po—s ) suggesting a
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change in the dominant process of photon absorption at these energies.

Evidence of an “s-shell ” peak in the 2C (7, p ) double differential cross

section spectrum at 64.9 MeV seems to be missing in the corresponding *C (7, n)

data at the same energy.

Data for ?)C(y, pn), (r, p) and (7, n) at 98.6 MeV photon energy

suggest that most of the (7, n) cross section is accounted for by the (7, pn)

process at this energy. The major part of the (r, p) cross section however is

not explained by the (7, pn) process.
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LEs)End, 1/3 0 5/8 @ 6(1) fzfg  Scan mode ©—20

20 80°
(LT t,—fE & L8 RBENICED T Csin 6/ ) 0.9063
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B 3% Results of X—ray and neutron diffraction

on ZrOg,Dy,;.
Atom  Position Site Coordinate Occupation 'Temperature
probability  factor
X y z B (A?)
Zr 6(1) 0.33324 —0.00008 0.24993 1 0.28
1(f) (o) 2/3 1/3 1/2 0.465 0.46
O 1(d) (A) 1/3 2/3 1/2 0.730 0.59
1(a) (B 0 0 0 0.788 0.37
D 6 (1) (ty) 1/3 1/3 1/8 0.06 0.57
t 1/3 0 5/8 0.60 0.58
00d3s 133
) I o i
2242
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Neutron diffraction spectrum of ZrQOg,D,, .



58

§ 4. BRIWBE

L EDEBAE, Zr0.,He BEU Z1042sHos F O
HET t—ME® 5D52 &, $h ZrOoyDoy 1 D
DETFII t, —fELBENCHED TV 5 ZEBH LD
O P

ZETH 3RO Zr0g,Hoy OREESA Z() B R
DN RALL 5 ZOREREE—- FEOWT, o,
w,, @, O3 DOREFAARE L, B/ Rk TEIER
Lo fitting 1T -1 ThEThOES Z(0;) 1%

#5K Structure model of
Z10Qg.4Dy.. Full and open

o—LyVlgEE L, FOEMEBE o BRATA—LLE triangles correspond to
t,—and t,—sites, respecti =
Ltro #D8E%, Ko, =129meéV, ho, =ho, =136 meV vely. Small circles marked
N _ . as A, B and C are o—sites
TRLBL fit Bzbh, BER=2{Z(0;)0s occupied by O atoms, and

large circles are Zr

Z(0)ea1 )2/ ZHZ (@) ops}? 12 3.0%&Te-70 86
atoms.

i HE AR & RRME S & IR Lico
wy=w, bl ool LT 2 EMELE
L, ZrOg,Ho, OAF BT OHhL
c/a=1.60 HEMHEL1.633 L D&
<, t—NBHROTATHWEZ LEA
T %o
Zr—O—HR &L H~N5 HWT,

TiOg;Hoy DRBFEE—FOHE 1T -
fro FORERIT, BTRIRLILLD
86meV ILE—2 %%, 100 meV
KREHRR BT, & ORITHET
t—pEL DL O—FRE LA TS
TERFRBL TN A, Thi, Hem-
pelmann 5 9® ¢ —Ti HOHFEF &

Z(w) , arbitrary unit

50

FkCTH50 # 6 Fitting of the observed Z(®) of
“»r 5t Zr—O—H & Ti—0—H Zr0,.H,, with the calculated curves

of Z(w), Z(0,=wy) and ¥ Z(w;).
hO HE T OR7 2%EE, BT % =



IWF — —vs. — & B KRR T Rifmh
e LTRAE ISR 5,
8 Xk CaF, B&BEAFE LY FD
t — LB H 5 HRET O R IRE) =
ANF—AJEHR Ty FLIHDT
HHH,

Z1r0y4Hy,,
fEiL, CaR B AKRIHDOT — 21T
I—F®LTW%, LAL,
TiOg3Ho, DEZFNHOMEL DIX
% D& < PdHge6®, PdHoge?!
D fecc &RBHDO—NMNERLHDHLH
CRTHECE LAIW EDbh
%o

Ko, Zr—0—H (D) #dhrh
D ZrEFMEECOWTSND, B
3ERIRLIEELS I, Zr0n,Dy,
O Zr OFRFALETEE O N T
(1/3,0,1/4)THhHb, —7,

ZrOO_ZS Ho.e @ﬁ“%

Z10gq D Zr JRFALEIX (0.335,

0.0017, 0.2486 ) ®EFE I N T
510, Zr R EB O NIRRT &
D BT (0.002FE ) LTV 5,
FOBERIIDIRF ORI L - TH
KLz &%, ToERIRLTH
%50 2% D, DUDEREFIIEEET
OB A BT LR LEIE
Zrg I OJRF & 36 LCHEE
LS5 EuWEE->Tw 5,

arb. unit

59

Z(w)

+
M‘WW e
ﬁ w»{.’..
B

Energy Transfer, meV

7K Frequency distribution curve Z(®) of

eV

EXCITATION ENERGY ,

TiOg3Ho. -
TiH,
0-15F LZrH,
ZrOg4Hgy ®
ZrOp25Hp 6 ®
010k ‘ o~ xR
AT'Oo.aHo.l 2
~o xR /
\\\
PdHgos O~
OPdHg¢
005 ’ —L
2.0 2.4 2-8

M-H DISTANCE , R(A)

28X Local mode excitation energy —vs.—metal

hydrogen distance. Experimental data of
Zr—O—H(@)and Ti—O—H ) are plotted
in comparison with the data of CaF, type
metal hydrides (O). Two curves indicate
the R™*2 1 gnd R™ ' dependences.

The data of Pd—H?2 are marked with
.
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A Cryostat for High Pressure Works in
TOF Neutron Diffraction

Kazuo Kamigaki
The Reserch Institute for Irom, Steel and Other Metals,
Tohoku University, Katahira, Sendai 980

An apparatus was constructed to apply the pressure to the sample situ at
low temperatures. The pressure cell is a piston-cylinder type, the material of the
cylinder is Ti-Zr incoherent alloy. The cell is cooled by direct contact with the
liquid nitrogen tank. Heat flow to the cell is prevented by plastic blocks inserted
in the thrust rod and in the base. Temperature of the cell is kept at about —50°C

in consumption with 0.51 /hr of liquid nitrogen.

§1. Introduction

A piston-cylinder type high pressure apparatus was presented in the previous
report!  for the time-of-flight (TOF) neutron diffraction. The cylinder was
made of Ti-Zr alloy and the diffraction lines from the cylinder itself were
suppressed perfectly. The TOF analysis of the neutron energy was done at fixed
diffraction angles through the slits cut in the binding ring. The maximum pressure
attained was about 20 kb at room temperature.

In low temperature-high pressure apparatus, the massive pressure cell must be
insulated thermally from the outer parts and cooled down effectively. To achieve
this, a considerably large-scale apparatus was designed for angle dispersive neutron
diffraction?. In some cases, cramped pressure cell was used to attain the
efficient cooling®*, In the present apparatus of TOF diffraction, n situ
application of pressure is intended and the cell is coupled mechanically with the
outer frame. Blocks of plastics are inserted as heat insulators between the thrust
rods and in the basal frame of the press. The high pressure cell is cooled by liquid

nitrogen contained in a tank touched on the cell. A steady cooling to —50°C is



aimed at 20 kb.

§2. Structure of the cryostat
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The present system is designed as a combination of cooling device and thermal

insulators with the original apparatus?!).
The outline of the cryostat is illustrated
in Fig. 1.

The hydraulic press is composed
of parts (la-1d) and drived by a pump
(maximum pressure : 700kg / cm? and
discharge capacity 0.11 /min). (la) is
the ram : maximum loading is 20 tons and
stroke is 5 cm. (1b) is the top frame,
(1d) is the basal frame and (lc)’s are
the pillars, 50 cm long and 5 ¢m? in
cross section. (2a-2¢) and (1d) form a
vacuum chamber : In the top plate (2a)
the thrust rod (3a) is equipped through
a vacuum seal. (2b) is the upper chamber
made of brass plate, and (2c) is the
lower chamber made of aluminum plate 2
mm thick, flanges and aluminum plate are
Both incident

glued by epoxy resin.

neutrons and diffracted ones pass

through the aluminum chamber. Small

0 i
I
L .
IC S
2a | b b b 0
L R== >
2b — NS -~ T—3b
Eﬂ F § *E;\\Bc
<] I‘Q\ N L
NTHER
4
I
/ S 5 |.-3d
"I/////;/'// 2o,

Fig. 1. Low temperature - high pres-
sure. apparatus for TOF neutron dif-
fraction. Explanation is given in the text.

black circles illustrate the cross section of O-ring vacuum seals.

(3a-3d) are the parts to drive the piston and to insulate the heat flow, most

of steel parts are made of heat-treated tool steel. Thrust rod (3a) is 2 ¢cm diameter,

its bottom end is expanded to 3.5 cm. (3b) is a block of phenolic resin 3.6 cm in

diameter and 4 cm long, the compressional strength is about 10 tons at room temperature
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and reduced somewhat at lower temperatures. (3c) is a guided pushing rod to drive the
piston. The lower insulator (3d) is made of phenolic resin 5¢m in diameter and 4 cm
long. Details of the pressure cell (4) were described in the previous report ! .

The coolant is contained in the tank (5) made of brass plates, the capacity
is about I'liter. The tank is joined with the top plate (2a) by rubber tubes to keep
some flexibility for adjusting contact with the cell. Temperature of the pressure
cell is monitored by an alumel-chromel thermocouple (6) inserted in a slit.

The cryostat is assembled in the following way : at first, the cell (4) loaded
with specimen (7) and the lower chamber are placed on the base frame. Then the
assembled upper half is fixed on, the contact surfaces of (4) and (5) are glued

with silicone grease and the fitness is adjusted at low vacuum.

§ 3. Performance of the cryostat and discussion

The performance of the cryostat was tested for liquid nitrogen in a vacuum of
10~ mm Hg. About 2 liters of liquid nitrogen is consumed in about 1 hour and the
pressure cell is cooled down to about —30°C. Then 1 liter is consumed in about 2
hours to reach —50°C. After that, temperature is kept around —50°C by supplying
0.5 liters every one hour. After the evaporation of liquid nitrogen, temperature
is raised gradually to —30C in about 3 hours.

For the practical operation of neutron diffraction in the Laboratory of
Nuclear Science, the preferable interval to supply nitrogen is about 3 hours. In
such operation, temperature drifts 10°C around —40°C, and the problem is to extend
the interval of supply.

The weight of the high pressure cell is about 10 kg and the heat capacity is
about 1 kcal /. The heat of evaporation of liquid nitrogen is about 39 kcal / 1,
and 2 liters of nitrogen is capable of cooling the cell down to —50°C. The actual
consumption of liquid nitrogen is reasonable for the cooling but somewhat large to
maintain the low temperature state. This will depend on room temperature and the
degree of vacuum.

In the present cryostat, the maximum of pressure is limited to about 10 kb at
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low temperatures because of the fracture of the bakelite rod. The important factors
affecting the performance are the thermal conductivity of the plastic block and its
mechanical strength. In ordinary plastics the conductivity is about 1/ 100 of the
stainless steel but the mechanical strength is about 1/30, and about 1/3 of heat
conduction is expected for the same strength. In this point of view, some strong
plastics such as fiber reinforced one e.g. glass-epoxy resin are preferable and a

good performance will be expected to 4.2 K.
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Photospallation Reactions of ®Cs and ™ La by
100 MeV and 200 MeV Bremsstrahlungs

K. Sakamoto, H. Toramoto, Y. Hamajima,
K. Okada and M. Dohniwa
Department of Chemistry, Faculty of Science, Kanazawa

University, 1 —1 Marunouchi, Kanazawa, 920, Japan

Spallation yieldes relative to the '®Au yield from '*Au( 7,n) of 26 to
46 nuclides of Sb, Te, I, Xe, Cs and/or Ba and La from '*Cs and '*La
targets irradiated with 100 MeV and 200 MeV bremsstrahlungs , were radiochemically
determined. The isomeric yield ratios for '*La and '*'Ba from the ( '*La +
100 MeV -7 ), "La, "Ba, "Te and ""Te from the ( '*La+200 MeV -7 ),
and "I, '""Te and "°Te from the ( '®Cs+200 MeV -7 ) were also determined.
The 1sotopic yields from the (7, yn) reactions decrease exponentially with increase
of yup to 5, and show no dependences on energy and targets studied, indicating that
the reactions of a few neutron emissions occur at energies lower than 100 MeV.
When the product yields from the ( 7, xpyn) reactions were plotted against (x+ %)
for each x (isotopic distribution), a regular variations of the Gaussian distributions,
typical of nuclear spallation, was observed. Isobaric mass distributions and .charge
dispersions were deduced to extract characteristic features of these reactions. The
isobaric distributions obtained for photons of 100 MeV ~200 MeV from the dif-
ference of those for the two energies are very close to symmetric one peaking at about
8 amu from the target masses. Nuclear charges are also dispersed symmetrically with
most probable N/ Z, of about 1.3 replaced by about 1 amu to the neutron - deficient
side from the beta stability valley in all the cases studied. Parameters included in
Rudstam’s semiempirical formula were examined by comparing with the observed yield
curves. The P values of 0.45 and 0.65 chosen for a better fit to the 200 MeV data

on '®Cs and '*°La, respectively, were larger than the predictions reported in the
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literatures. The magic number effects of %972 are evident on mass distributions.

§ 1. Introduction

Energetic photons interact electromagnetically with atomic nuclei and result
a diverse of photonuclear reactions. For heavy elements, and at low energies, where
the de Broglie wave length # is of nuclear size, the incident photon interacts
with the nucleus as a whole, and the excited nucleus then loses energy by evaporating
a small number of particles according to the well known compound nucleus picture of
nuclear reactions. It is these energies that reactions are dominated by what is known
as a giant resonance : photon absorption via excitation of electric dipole vibrations
of all the protons against all the neutrons in a nucleus!’ . The excitation function
for total photoabsorption goes through a broad maximum a few MeV wide. The peak
energy varies smoothly with mass number (A), decreasing from about 24 MeV at 'O
to about 13 MeV at 2°Bi, which are approximated by ¢A'? ; a varies somewhat with
energy and A. Cross sections at peaks are 100~300 mb, and those under the peak are
given by 0.058 NZ/A MeV - b, the sum rule”. In the giant resonance region,
mostly simple processes such as (7 ,n), (r,p), some (7, 2n) and fission (in heavy
elements) take place. For heavy elements at high energies, and for light elements
at all energies, the “direct” nuclear photoeffect become of importance. In the energy
range of 30~150 MeV (above the giant resonance and below the pion production
threshold), # is comparable to the intranucleonic distance in the nucleus and absorp-
tion of a photon by a proton-neutron pair, termed as quasideuteron, is the main pro-
cess?). The cross section of this process, 0, , is then related to those of the photo-

disintegration of the deuteron, op.

NZ
072 LT Op (1)
where NZ represents the number of neutron —proton pairs in the nucleus A=N+Z,

and L is a measure of the relative probability of two nucleons being close each other

in comparison with that of a free deuteron. The value of about 10 is assigned for L in
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accordance with the experimental data®®. At higher energies, when # become smaller,
the incident photon interacts with individual nucleon, and production of one or more
7 -meson and a recoil nucleon become appreciable. Particles produced in these initial
interactions would have enough energies to escape the nucleus, and/or initiate a
intranuclear cascade followed by evaporation step®®, just as induced by particle
bombardments, and the processes then lead to emission of a large number of nucleons,
and to production of a variety of residual nuclei (spallation, fission and fragmenta-
tion). With the picture described, photonuclear data might well be explained.

However, the photonuclear reactions yields have been investigated rather still
poorly both theoretically and experimentally, when compared with those of particle -
induced reactions, though the groups of Itali and Brasil, Sweden and USSR,
and others have published a series of papers on selected photo - reactions on a range
of target masses induced by bremsstrahlungs of the maximum energies up to 2 GeV?.
Also attempts to describe the general trend of photonuclear cross sections or yield
distributions have been made by means of multi~ parameter semiempirical formula, as
first given by Rudstam for particle- induced spallations!®”. The empirical formula
with revised parameter values reproduces the experimental yield within a factor of
about 2 to 3!, but the predictions are poor for the yields of nuclides close to the
target and restricted to high energy spallations as is the case for proton - reactions.
At energies higher than a few tens MeV, the photon sources are bremsstrahlungs of
continuous energies ; this makes the experiments and the theoretical analyses tedious
and difficult.

The present study concerns with an extensive measurement of the product nuclides
from target nuclei of two mass regions ; one of '*Cs,'"La, ™'Ba and "'Ce, and
the other of * " Rb, ™'Sr and ®Y (nat. =natural isotopic composition), irradi-
ated with bremsstrahlungs of maximum energies of 100 and 200 MeV. Simple reac-
tions such as (7, n), (7, p) and (7, np) are expected to be due to giant resonance
occurring up to 30 MeV and to quasi-deuteron mechanism operative up to in excess
of 100 MeV at most. In the energy interval of several tens to 200 MeV, only

quasi-deuteron process would be the main mechanism, though the threshold for one-pion
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production is about 150 MeV, as noted above. Therefore, with irradiations by brems-
strahlungs of the two end-energies of 100 and 200 MeV, one may look at relative
importance of the two mechanisms ; two-step cascade evaporation mechanism niti-
ated by the quasi-deuteron interaction at high energies and evaporation mechanism
initiated by giant resonance at low energies. For this purpose, measurements were
performed on radionuclides as many as possible with aids of radiochemical technique,
and the characteristics of the isotope distributions and the charge dispersions of
the reaction products were deduced. The results were compared with the existing data
on photon- and particle-induced reactions of targets and energies of wide ranges,
and also with the predictions of the Rudstum’s formula. One of our aims in the pres-
ent study was to see whether any differences from other reactions exist or not in
the yields of the proton- rich isotopes of xenon and krypton'? . In all of the reac-
tions selected in the present work, xenon or krypton isotopesb are expected to be pro-
duced together with the isotopes of the neighbouring elements. In the following, we
describe our measurements and results mostly on '%Cs and '"*La targets. Those on Rb,
Y and Sr targets are reported separately in the companion paper'® and a comparison
study of the yield characteristics with other reaction data is given together in the
latter.

The measurements of the stable isotopes of xenon and krypton produced were also
intended to add more data on the photonuclear yields, and both the photon and proton
irradiations for this purpose and the installation and the performance testing of a
sensitive noble— gas mass spectrometer system were performed, and their results will

be given in a separate paper.

§2. Experimental

2.1 Target preparation
Commercial CsCl, La,0O, and LaCl; of reagent grade (Wako Pure

Chemicals Industries, Ltd. ) were used for target material. Anhydrite LaCls,
the melting point of which is 860 °C much lower than about 2000 C of La;O;, were

prepared from LaCly+7H;O by heating with NH,Cl. The compounds of low
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melting points were preferred for xenon extraction by heating of the irradiated tar-
get. The target materials were dried at 110 °C in a vacuum oven before weighing,
and about one gram each and a piece of Au wire (0.6 mmX5~10 mm) for beam monitor
were placed in a quartz tube of 1c¢m in diameter and the tube was sealed under reduced
pressure. Gold foils of 40~50 mg/cn?, copper of 300 mg/cn?, and/or nickel of 13
mg/cn? were cut into 10~15 mm square and were scotch-taped on the back and forth
sides of the quartz tube for another beam monitor. And, 3 to 6 tubes were stacked
and placed along the beam path, in a water-cooled target holder (Fig. 1).
2.2  Irradiation

The irradiations were performed with an uncollimated bremsstrahlung beam
from the 300 MeV  Electron Linear Accelerator of the Laboratory of Nuclear
Science, Tohoku University. The electron beam of energies of 100 (+ 10, —5) MeV
and 200(£20) MeV with 40 mA (pulse width 4t of 2.5 #s and repetition R of

300 pps) and 20 mA (47of 3.0#s and R of 300 pps), respectively, were converted

(A) Over-view Beam current N
integrator

Electronic
micro-ammeter
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Beam exit me)BeO Pt converter I
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i L b ._Cm ........ |---
=1/ y f : H
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Fig. 1 Schematic drawing of the irradiation system.
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to bremsstrahlung with a Pt plate of 0.5 mm in thickness in the water -cooled target
holder shown in Fig. 1. The conversion efficiency of the Pt converter was higher
than 95 %'®. The electron beam current was monitored with a ferrite core monitor
calibrated with a Faraday cup combined with a current integrator and also a small
Pt plate placed in between the electron beam exit window and the Pt converter. The
beam size and position were monitored visually with TV cameras. The photon flux
was monitored with the Au, Cu, and/or Ni placed in or attached to the target
tubes. Durations of irradiation were 5, 10, 30 and 240 min, depending on half-lives
of the product nuclides to be determined. Secondary neutrons were monitored with
(n, 7 ) products in the targets and the same materials placed on various off -beam
positions of the target holder during the irradiations, and found not appreciable.
2.3 Radiochemistry

The yield determinations for radioactive nuclides were performed by non
destructive gamma-ray spectrometry described in the in the next section. But to a part
of the irradiated targets, the radiochemical separations shown in Figs. 2 and 3 were
applied. Soon after the irradiations, the target materials were dissolved in dis-

tilled water or in conc. HNO, for I, Cs, La and Ba separations and in conc.

IRRADIATED SAMPLE (CsC1)

t— H20 6N HNO3
— Carrier Carrier
— Conc. HCI 0.1N NaNO,
— NH2NH -H,0 CCly ‘ Xe EXTRACTION
s, pptTe EXTRACTION o e reoal)
H,S a(Il- orlrg.
pass — 6N NaOH H,0
ppt. SbySs to pH7 i: 0.5M NaHS0;
—NalB(CeHs)ul  gack  exracTION
T
ppt. Cs[B(CeHs)y]
B ]— 0.1M AgNO;
ppt. Agl

[7 y - SPECTROMETRY \

Fig. 2 Chemical procedure for Cs target -
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IRRADIATED SAMPLE (La,03)

[~6N HNO4 Conc. HNO4 — 6N HC1
- Carrier ~Carrier — Carrier
- 0.1N NaNO, I hum. HNO4 — Conc. HC1
Fcc
6N NaOH 4 CENTRIFUGE T a2 -H20 yo pxTRACTION
| —— (onto 1q.N, cooled
La(OH) 5 org. ppt. Ba(NO3)}, ppt. Te sup. - charcoal)
= FGN NaOH H20 LH20 Fconc. HC1 = HyS
CENITRIFUGE 0.5M NaHSO; [~ 6N NaOH I Conc. HNO, pass
sup. BACK EXTRACTION  CENTRIFUGE — FeCly ppt. SbpSy
dil. Hel N (3 mg/m1) 7
to pH7 aq. org. P — 6N NaOH
Na[B(CeHs)y] [~ 0.1M AgNOg 'ﬂvazcoa CENTRIFUGE
|
ppt. Cs[B(CeHs)y] ppt. Agl ppt. BaC0y sup.
r— Conc. HC1
[~ NH,NH, H,0

R pet. Te

A

. y - SPECTROMETRY

Fig. 3 Chemical procedure for La target.

HCl for Sb and Te separations, and the volumes of the solutions were adjusted to
50 ml or 100 ml. A 20 ml aliquot was then pipetted for an individual isolation pro-
cessing. Known amounts of the carrier solutions each containing about 20 mg as element
of Ba?*, (Cs*, I, TeOf_ and/or Sb®* were added for chemical yield deter-
mination or hold-back purpose. For iodine, the standard CCl, extraction method
was employed. Radiocesium was precipitated as tetraphenylborate from the aqueous
phase of the iodine extraction after adjusting to pH 7 with NaOH and, for La
target, centrifuging off La(OH)s. Metallic Te was obtained from an aliquot of
the HCl stock solution by adding hydrazine monohydrate solution on heating and,
for La target, was purified by scavenging radiolanthanum with Fe(OH)s; precipita-
tion. Antimony sulfide was precipitated by passing H,S through or adding thioacet-
amide to supernatant solution of the Te precipitation. Barium was first precipitated
as the nitrate and then as the carbonate after removing La as the hydroxide. Lanthanum
hydroxide precipitated from an aliquot of the stock solution was used for counting.
All the final precipitates were shaped into a disk by filtration with a standard
sized filter chimney or into a point source of about 0.5 mm in diameter after filtration.

Radioxenon was collected on charcoal at liquid N, temperature by heating the irra-
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diated LaCl; target with a gas burner or dissolving the irradiated La,0O, with
HNOs;. The collection was aided with aspirator and He carrier. Chemical yields
of Ba, Te, Sb from the La targets and of Te from the Cs targets were deter-
mined gravimetrically after countings. Those of I, Cs and some Sb samples of
the forms of Agl, Cs{B(Ce¢Hs)s} and Sb,S;, respectively, were exceeded 100
% due to rough and rapid separations. The yield determinations for these samples
and for radioxenon on charcoal were performed by comparing characteristic gamma - ray
peaks of %I, (s, "8™3b, '*™Xe and also U98me with those from the chemically-
unprocessed targets irradiated at the front and back sides of the processed one.
2.4 ' Radioactivity Measurements

Radioactivity assays for both chemically - processed and unprocessed targets
were performed by gamma-ray spectrometry using a 80 cm® ORTEC Ge (Li) detector
coupled with a Canberra 4k pulse height analyzer (PHA ) and a 68.2 ¢’ ORTEC
Ge(Li) detector coupled with a NAIG 4k PHA. The energy resolutions of
the two detectors were 1.8~2.0 keV FWHM at 1333 keV. The detector effi-
ciencies were obtained with calibrated Amersham standards and "“Fu sources of the
sample size. The product nuclides were assigned and evaluated with the characteristic
gamma - ray energies and the half-lives. The decays were followed for at least
one month. An example is displayed in Fig. 4. Gamma- ray spectra were analyzed

manually and/or with an automatic peak search program by Komura'®.

keV [Ty, Nuclide

R 159 (320 1-123
i~ E e 203Bs4d Xe-127g
E N —e———— 603 (15d) [-124
=1 103 sy Te-116 644 5n) Te-119g
5 Ee 720 bsm Te-117 - 573 f6.8¢) Te-121g
Tn, E - 197 £.89d Xe-129m
‘g g \

B 188 {16.81)
3 Lo, Xe-125g

o 601 (358 1120 303341126

1 | ! 1 1 |
0 1000 2000 3000
- Time (min)

Fig. 4 Examples of photopeak decays during two days period after the end of the
irradiation. Samples are the chemically isolated fractions from a '®*Cs
target irradiated for 30 min with 200 MeV bremsstrahlung.
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2.5 Yield Calculation

A yield in the present paper is a radioactivity yield defined as the produc-
tion rate of a nuclide from a certain photonuclear reaction and expressed as the ratio
of the disintegration rates (dps) of the nuclide per gram of the target element and
of 'Au from '*Au(7, n) reaction per gram of the Au monitor, both at the end
of the irradiation, thus normalizing the yield to a standard amount of photons passed
through the target'®. The cross sections per equivalent quanta for the photonuclear
reactions in '"’Au has been reported by de Carvalho et al.'” for the energy region
of 1.0 to 5.5 GeV, Andersson et al.'® for 1 to 7 GeV, di Napoli et all®
for 0.4 to 0.9 GeV, and by Lindgren and Jonsson® for 75 to 900 MeV. The
results of the (7, n) cross sections are discrepant by about 25 % amomg the different
laboratories.” According to the last authors the excitation curve for the (7,n)
reaction starts to increase rather slowly at about 70 MeV, and the values at 100,
200 and 1000 MeV are shown to be 205, 210 and 220 mb per equivalent quanta, respec-
tively. The yield data in the present paper might be converted to the cross sections
on the basis of these values, if necessary. For the yield calculation, count rate
(cps) of a characteristic photopeak at the end of irradiation was converted to
disintegration rate (dps) by dps=cps+(1 —e ")/ [+¢,  where / is the abun-
dance of 7 -rays per disintegration of a nuclide of interest, ¢ the detection
efficiency for the photopeak, 4 the decay constant (sec™') and ?¢, the irradiation
time (sec). The yield (Y) was then obtained, relative to the '®Au yield from
¥TAu(7, n), by Y= (dps/g-target) / (dps/g-Au)+Y, , where Y, is chem-
ical yied. The specific activity of '®*Au was obtained from those of Au foils
taped on the front and back sides of the target tube and/or Au wires in the tube.
Alternatively, the values were obtained from those of Ni or Cu foil monitors for
economy. .The conversion factors from the Ni and Cu values to the Au’s were experi-
mentally obtained, and listed for 100 MeV on Table 1, are the activity ratios of
(dps/g-Au) / (dps/g-Ni or Cu). The values of the factor deduced from the three
durations of irradiation are quite consistent within statistical errors for any of

radionuclides measured in Ni or Cu, and an average of the monitor data from Au,
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Table 1 Activity Ratios of Monitor Products at 100 MeV.

(A) Au/Ni
Co — 58 Mn — 54 Ni — 57
. (4.85 + 0.22)E1 (9.25 + 0.42) (1.06 + 0.05) E1
- (4.49 + 0.20) E1 (8.54 + 0.39) (9.68 + 0.44)
10 min (4.75 + 0.21) E1 (9.04 + 0.4) (1.02 + 0.05) E 1
30 min (4.58 + 0.21) E1 (8.62 + 0.38) (9.46 + 0.44)
(B) Au/Cu
Co — 58 Fe — 59 Mn — 54
. (1.65 £ 0.10) E2 (7.56 £ 0.61)E3 (4.49 + 0.44)E 3
5 min (1.84 + 0.11)E 2 (8.51 + 0.66)E 3 (4.48 + 0.45)E3
‘ (1.93 + 0.12)E 2 (9.23 + 0.62)E3 (6.01 + 0.48)E3
30 min

(1.83 £ 0.12)E2

(7.82 = 0.70)E3

(5.48 = 0.37)E3

Cu and/or Ni was used in the present calculation.

quoted from the latest issues of the data tables 2,22,

Relevant nuclear date were

Some of the data used are

given together with the yield data in Tables 2 and 3.

2.6 Correction for Precursor Decays

Some of the observed radionuclides are not shielded from decays of their pre-
cursors. One approach to see any effects of the precursor decays is the comparison
of the yields from different durations of irradiation. To reduce possible cumulations
of the precursor effects, the measurements of radioactivities, and therefore radio-
chemical separations were performed as rapidly as possible after irradiations.

Also, the precursor contributions to '*Cs and '*®Te in the La target and
1208, 1, '] and "'8Te in the Cs targets were estimated from iterative chem-
ical separations for the aliquots from the same target solution?®, From a two-
body Bateman equation for a beta decay for a parent isotope P to the daughter D,
the number Np of the D nuclei, at the time tc¢ of chemical separation is given by

A

No,zg = 5 * Moo (e7F Te— e to'Te ) 4N 4 e~i0 T (1)
p— 4p

where, Npo and Npo are the numbers of P and D nuclei, respectively, at the end of

irradiation. At the time t©nm of radioactivity measurement, the number of D



is then
No,z, = Np,zq e 4pl Tm- %) (2)

Ap

:ﬁ—{ exp (—p e 7+ dpe 7¢ >_-1} setioTm, NP,0+ND,O’8_A’D.%
D~ 4p

.

Here chemical yield is assumed to be 100 % . The counting rate Ap.  of D is ex-
pressed as

Ap,c = 4p*Np . * €p 3)
and the primary yields Y (E) of P or D are

Ao _ 4ANg

Y(B)=—"% =75 (4)

by definition, where ¢, S and A, are the counting efficiency, saturation factor

and radioactivity, respectively, at the end of the irradiation. Then one obtains

2 Y(E), - S
AD’Tm ZXDY ’ND,rm . ep _ I:T—LA_ {eXp(“ lp' Tc+ ZD' Tc)—l }%—L
D P 7
+w_] e_lD’Tm . XD' €p (5)
D
then
AD,Tm edp Tm 1 =X YCE)p - Sy + V(B Sp 6)
epe Ap Ap Ao
where

2
XE—X—[—)—_PTP{exp(—/IPTC—i—/IDTC)—l }

For a shielded isotope D; with mass number j of the same element as the radio-

isotope D; with mass ¢, the primary yield Y(E)b is given by

. ) ) . Ji ) . e N
VU= Ao/ ¢+ §§= Al g/ e+ sh= S0 Nore (7)
D

Here Y is defined to be a saturation- and apparent decay —corrected radioactivity

ratio of ¢ and J.
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Fig. 5 Correction of precursor decay by iterative chemical separation according
to Eq. (8).
(a) X vs Y for primary yields of **°I,'*I and'*I
( '¥Cs+200 MeV ~7 )
(b) X vs Y for primary yields of '*'#Te
( '*Cs+200 MeV -7 )
(¢) X vs Y for primary yields of '*Cs
[ '%La+200 MeV -7 ]
(d) X vs Y for primary yields of '*'8Te
( **La+200 MeV -7 )
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Thus, a plot of Y versus X, that is 7., results in a straight line, whose inter-
cept gives the primary yield of the product ¢ relative to the observed (independent)
yield of the product Jj.

The results of the iterative separations of iodine and tellurium from a !3Cs
target and cesium and tellurium from a '*La target, both irradiated for 30 min with
200 MeV bremsstrahlung, are shown in Figs. 5(a) ~ (d). Here the observed yields
of 1, '¥Cs and "°™Te were taken for as the primary references. "*™Pe is not
shielded, and the observed yield of !'*™Tm is bactually the cumulative yield. But
the precursor !°I (T,,, =19 min) is produced much less than *™Te, and assumed
to affect little to the primary yield of “°™ Te.

2.7 Results

The measured yields are tabulated in Tables 2 and 3. The distinction of in-
dependent and cumulative yields are noted as I and C in the tables. The values
corrected for the “fed-in” effect are indicated by daggers. The errors given are
statistical, including uncertainties in background subtraction, and counting efficiency
determination both for the nuclides of interest and the beam monitor nuclides. Those
due to uncertainties in nuclear data, and weighings of target materials and precipi-
tates are not included. Errors introduced from correction for the “fed-in” ef-
fect from the precursor decay were large for some cases. The “fed-in” effects

expressed as the ratio of (fed-in amount) / ( primary yield ) were 0.22 for =

Cs,
8.08 for '*®Te for the '*La target, and 0.06 for '®I, 025 for '*I, 0.78 for
'?%] and 2.96 for '#8Te for the '*®Cs targets. The data for the remaining nu-
_ clides are not corrected for the “fed-in.” Also the “fed-in” effect during irradiation

was not corrected for. The correction for chemical yields were most accurate in Te

and less acccurate in Xe, I and Sb due to small photopeaks of '**™Xe, '*I and
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U8mah in unprocessed targets.

In the tables, the results from different durations of irradiation are -listed
separately. Large discrepancies exist in some yields. For cases of cumulative yields,
a longer irradiation time would result a larger cumulation from the precursor decay.
The discrepancies among the results of the independent yields are difficult to inter-

prete, but do not affect much the general yield patterns disscussed below.

§3. Discussions
3.1 [Isotopic Distribution

The experimental vields for '2Cs( 7, xpyn) and '87La(7,%pyn) are plotted
against mass differences (¥ +) between target and product nuclei, isotopic
yield distribution, in Figs. 6 and 7, respectively. For the yields from 100 MeV
irradiations, the data are expressed by open marks and approximated with the dotted
lines. For those from 200 MeV irradiations, the closed marks and solid lines are
used. The yield data from different durations are plotted separately.

The yields of the (7, ¥n) reactions on the Cs and La targets decrease ex-
ponnentially with increase of % in both the 100 and 200 MeV irradiations. A
slight shoulder appears at »~5. This may indicate an evidence for distinct contri-
butions of giant resbonance~evaportation mechanism at low energies and of quasi-
deuteron—cascade evaporation mechanism at high energies (see the discussion for
charge dispersion). An interesting feature for (7 ,¥n) yields is that little differ-
ence between the two irradiations was observed at ¥<5. For the (7,xpyn) yields
for y =1, the observed distributions (yield surfaces) for any separated element (i. e.
each x) are featured by é similar Gaussian form. The shape of the surface of the 100
MeV is somewhat asymmetrical, enhancing at the side of fewer particle emissions.
This feature seems also to be caused by the low—energy mechan‘ism. The slope of the

yield surface ridges (peak heights) of the 100 MeV is steeper than that of the 200

MeV.
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" Es
o
; ——~ 100 MeV Fig. 6  Isotopic distribution from
10 E" |\ Cs '3Csss (7, xpyn) reaction.
o —— 200Mev e xp . .
o The experimental yields shown in
i \ Table 2 are plotted against the differ-
10° 3 ence, (x+¥), between the target mass
E 'X=2 133 and the product mass for each =x.

The open marks and the dotted lines
3 are for 100 MeV irradiations and

the closed marks and the solid lines

LI llll"l

sb:X=4 are for 200 MeV irradiations. The

data from different irradiation times

Yield relative to "’Aulzn)"**Au
<)

are plotted separately. Triangles

LI ll"lll

denote the yields of Cs isotopes,

10° E \ stars of Xe, diamonds of I, penta-
= RN .
= Te’! N gons of Te and reversed triangles of
C "
n L a Sb. The data points with ‘m’ or
1w
10°E b \ ‘g’ are for the yields of isomers of
3 v
- ‘079" metastable or ground state, respec-
N 0t tively.
4
1 1 1 1
5 10 15 20
Number of nucleons emitted
(x+y)

These features (peak mass, Ao, and peak height y and slope of the ridges b)
of the '®Cs and '*La targets at the two energies are compared in Table 4 together
with those obtained by Kato and Tsai!® with 20 MeV—bremjsstrahlung form the same
accelerator.  The decrease of the surface ridges was approximated by a form of ¥V =
ae™® | and were found that the extent of the decrease with increase of the irradia-
tion energy from 200 MeV to 250 MeV is not very insignificant compated with that
from 100 MeV to 200 MeV. The differencs of the slopes for the '®Cs and °La

targets at the corresponding irradiation energies are small, but the average numbers

of nucleons emitted from !*Cs are slightly larger, thence the slope is smaller, than
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Fig. 7  Isotopic distribution from '#Lag, (7, #pyn) reactions.
Circles denote the yields of La, squares of Ba. The others are ex-

plained in Fig. 6. Data are listed in Table 3.

those from !®La, the effect of which is expected from a magic nature of the latter
(N=82). Peak masses for each product element are quite similar for both targets and
show a slight energy dependence, decreasing with increase of energy. The width, FWMH
of the yield curves obtained in the present work are almost same ( 5 ~6 amu); 5.3~

5.4 amu for ( '¥Cs+100 MeV and 200 MeV), 5 amu for ( "*La+ 100 MeV) and 6
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Table 4 Peak and Slope of Isotopic Distributions.
Peak position (A,) and height (Y) were approximated by Y =a « exp
(—=bAy), giving the slope & of the surface ridges. The correlation factor
7 indicates the goodness of the approximation. The 250 MeV results

were quoted from Kato and Tsai'9.

100 MeV 200 MeV 250 MeV
Product
A, V) Ay V) Ay Y]
1%3Cs target
Xe A128.7 (6.5E—3) 128.0 (6.0E—3)
I 125.9 (2.8E—4) 124.1 (2.0E-3) 123.0 (1.1E-3]
Te 123.7 (7.8E—6] 121.6 (5.8E—4) 120.5 (2.9E—4)
Sh 118.3 (1.6E—4) 118.0 (1.9E—4)
______ S Y R
b 1.21 0.38 0.35
1% 1,a target,
Ba 133.9 (3.7E—3) 133.4 (4.2E—3)
Cs 131.0 (1.4E— 4] 129.5 (6.0E—4] 128.5 (8.7TE—4)
Xe 129.2 (5.8E—6) 128.5 (2.0E—4)
I 126.3 (1.6E—17] 125.4 (2.9E—5] 123.0 (9.2E—5]
Te 122.7 (5.3E—6] 120.5 (4.0E—5)
Sh 119.5 (1.3E—6] 118.0 (1.2E—5)
______ r | osr | oses | oges
b 1.35 0.60 0.40
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amu for (**La+ 200 MeV ). The widths of the 100 MeV reaction are slighly smaller
than the widths of the 200 MeV in both targets, but insignificant. However, those
of the 250 MeV are reported by Kato and Tsai'® to decrease with increase of ¥
(4Z=2, —Zp); 1.0 of 1, 58 of Te and 5.0 of Sb for '¥Cs and 5.7 of Cs, 5.0
of 1, 34 of Te and 3.8 of Sb for **La. Kato and Tsai'® ascribed the decrease
of the width to the restricted neutron emissions at high y at these energies. In our
view, the conclusion is not certain because - of insufficient data points in their work.

The peak heights of the distribution curves of the elements especially distant
from the targets increase rather drastically from 100 MeV to 200 MeV, but not
for '®¥Cs from 200 MeV to 250 MeV where the yields rather decrease by a factor
of two. The latter remains to be confirmed experimentally. The drastic changes of
the slopes and the peak heights from 100 MeV to 200 MeV suggest the relative
inportance of the quasideuteron mechanisms in energies of 100~200 MeV. The con-
tribution of the pion production mechanism for a 250 MeV irradiation might be ap-
preciable in '*°La, considering the increase of peak height and then the *smaller
slope from 200 MeV to 250 MeV. But no increase of the yields from B Cs, if
the observed trends be real, is not easy to explain with the pion mechanism. Alterna-
tively and more possibly, the expected high probability of quasideuteron formation,
Lin egn. (1), in magic '®La would be responsible for the changes at these high

133
Cs, as noted above, would be a conse-

energies. The & values higher than those of
quence of the restriction of nucleon emissions due to the magic nature of " La at
energies of several tens MeV up to 200 MeV.
3.2 Isobaric Mass Distribution

Isobaric yields from (7, *p¥n) reactions for ¥=1 were calculated by summing
the isotope yields for every isobars using the isotopic yield curves in Fig. 6 and
7 to complement the unmeasured ones. The results for the '30s and '*La spalla-
tions are shown in Figs. 8 and 9, respectively. The dashed curves are for 100 MeV
and the dotted ones for 200 MeV. A clear difference in the yields for the two en-

ergies is shown in the product masses Ap lighter than (Ai—Ap=x+ y=5) from

the target mass At. The difference between the yields of the two energies are drawn
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Fig.8 Mass distribution of ***Cs spallation Fig.9 Mass distribution of **La spallation
products from (7, apyn) for y=1. products from (7, xpyn) for y=1.
The dashed and dotted curves are The dashed and dotted curves are
for 100 MeV and 200 MeV, re- for 100 MeV and 200 MeV, re-
spectively, and the solid one is the spectively, and the solid one is the
difference of these two curves.The difference of these two curves.The
curve with one-dot isdrawn symmetri- curve with one-dot is drawn symmetri-
cally relative to the right wing of cally relative to the right wing of
the solid one. the solid one.

by the solid curve, for which photons of energies of 100 to 200 MeV would be
responsible. The yield distribution is very close to symmetric one, peaking at
about 8 amu respectively from the masses of both targets. In Figs. 8 and 9,
a curve with one dots is drawn symmetrically relative to the light mass side (the
far side from the target) for a reference. The widths of the curves for 1**Cs are
somewhat broader than those for '*La.
3.3 Charge Dispersion

The N /Z charge dispersions were derived in the mass regions 120 <A <131 for
the (!3Cs+100 MeV -7), 115<A=131 for the ( **Cs+ 200MeV -7 ), 123 <A
<135 for the ( '**La+ 100 MeV - 7), and 115<<A4<136 for the ( !**La + 200 MeV
-7 ) reactions. The fractional isobaric yields were obtained on the basis of the
measured values and of the total isobaric yields described in the preceding

section, and plotted against N /Z in Figs. 10, 11, 12 and 13. The symbols



102

T lllﬂﬂ]

Ol

'
w

T T

FRACTIONAL ISOBARIC YIELD
S 3

*  Xe
4
g 4 g "= Te
’:‘\*g v Sb
g

| d
*
L]
3

*  ae
a
/

N/Zpl132)

N/Zol1.365)
] NIZq(1.418)

Fig.10

T URRRLL

—
o

T ||l|l|||

T T lll]”l

ol
o

T T T

FRACTIONAL ISOBARIC YIELD
o

1.3 1.4 1.5
N/Z

N/Z Charge dispersion for
1%805+100 MeV -7,
120==A<131 (Am=125.5).

m+g

N/Zp(1.34)
\} NZo1370) AN/ 24 (1.438)
|

Fig.12

N/Z Charge dispersion for
139,3+100 MeV -7,
123<<A<135 (Am=129).

1E * Xe

- a2 a ]
=) B = Te
3 [ "sb
> -1

10 &

© =
(14 C
é L
o N
(]
T s
- 9
z C
O d
5 3
3 10
ﬁf = N/Zpl1.31)

- N/Zo(1.358)

B N/Zy(1.418)

| o
1.3 1.4 1.5
N/Z

Fig.11 N/Z Charge dispersion for
133Cs+200 MeV -7,
115<<A<131 (Am=123).

T T TTTT00 rrrm

T T TTTTIT]

FRACTIONAL ISOBARIC YIELD
IS

10°E
E N/Zp(1.31)
- N/Z,(1.365) A N/Zy(1.438)
13 14 15

N/Z

Fig.13 N/Z Charge dispersion for
1397,44+200 MeV -7,
115<<A<136 (Am=125.5).



103

are the same as those in Figs. 6 and 7. The solid curves are of visually fitted

ones to the obtained plots, assuming a Gaussian form. Noted in Figs. 10~13 are
the medium mass of the products Am, the atomic number of target Z,, the nuclear
charge Z, at the beta stable valley for Am, and the most probable charge Zp corre-
sponding to the peak of the derived charge dispersion.

For the two targets, the value of N/Zp of the 100 MeV is larger (closer to
N/Z,) and FWHM of the 100 MeV is much smaller than those of the 200 MeV.
The N/Z, locates in between N/Zp, and N/Z; ; the most probable charge locates
on the neutron—deficient side by about one charge from Zo.

These results suggest that the final product distribution would then be deter-
mined mostly by nuclear nature of the products, not of the target. A cascade step
initiated by direct interactions would result in emissions of nucleons possibly with
n/p=~ N/Zi =~ 1.4 followed by neutron-dominated evaporation. In the 100 MeV,
the cascade step would be initiated by photons of several tens of MeV and develope
in an extent lesser than in the 200 MeV. As suggested by the mass yield distribu-
tions, photons of energies of 100 MeV ~200 MeV are responsible for almost pure
spallation in which cascade process developes quite well to leave the nucleus with an
.energy low enough for Coulomb restriction for proton emission. The evaporation process
following the cascade may lead a stabilized distribution of the product nuclei. A
more full discussion is presented in the companion paper'®)in terms of the parameters.

3.4 Systematics

Some regularities in the yield distributions were shown to exhibit in the above
subsections. Such regularities have been reported in particle - induced reactions
and photonuclear reactions at high energies®'®. Rudstam'® has systematized the regu-
larities observed in particle - induced spallation reactions in the form of five para-
meter formula for charge distribution and mass distribution (CDMD) ;

6PR2I3

U(Z, A)Z 1.79 (ePAt_l )

explPA—R| Z—SA+TA|*?]

for a given target A, producing a product with charge Z and mass number A, where

~

P, 6, R, Sand T are free parameters. The parameters P and R define the slope
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and the width, respectively, of the mass - yield curve,

0 the total inelastic cross

section per nucleon, and S and 7 the position of charge distribution. According

to Jonsson and Lindren?, the parameters for photon~induced spallation yields is ex-

pressed as
P=1460E, ™. A,*% for
=766 A, % for

$=(—0.81+0.184 InE,) A,
R=d' 4
§=0.486

and 7=0.00038

for the bremsstrahlung with the end —point energy Eo (MeV).

E, < 600 MeV,
E, > 600 MeV,
(mb/ equivalent quanta)

with d =118 and ¢ =0.45

To find a fit to

the present results, a calculation for isotope distributions was performed with the

R values given above, and ¢ and P as free parameters. The values for S and 7

P &
---0.3 0324
— 0.45 0.703
---0.6 1.506
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For the remaining parameters see the text.
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the experimental Xe pattern. See the text
for the other parameter. The symbols for
the experimental points are the same as
those in Fig.7.
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were obtained to be 0.466 and 2.66 X107, respectively, by solving ZP=SAm—TAm2
with the results of the N/Z charge dispersions for !3Cs and !*La with 200
MeV (see the companion paper” for the Zp dependence on A.) the best fits were
searched for by adjusting ¢ to the xenon yields, and the results for the '¥Cs and -
199La targets are shown in Figs. 14 and 15, respectively. The P values of 0.45
and 0.65 for the 200 MeV data on !¥Cs and !*°La, respectively, seem to be a
good choice, though the equation for P above gives 0.26 for '*Cs and 0.25 for
1%9La. The fittness is better for the large 4Z (=Z; —Zp) but not for 47 <
1 ~3. The 100 MeV data are not able to be fitted with the Rudstam formula,
because of a large contribution of pure evaporation mechanism.

3.5  Isomeric Yield o )
Table 5 Isomeric Yield Ratios ([ '**La+ 100 MeV -7 ).

Ratio
. . Nuclide ¥ La ' Ba
The yield ratios of
Spin m 6 — 1/2+
. . N _ &
some isomeric pairs were me Parity . 9 _ 3/94
asured, -and are given toge- m | (4.00+£0.30) E— 4
5 min
ther with statistical weights g | (3.55+0.25) E—4
. (7.98+3.55) E— 4 (1.24+0.11) E— 4
Q2R+ 1) / (2Ig+1) in 30 min "

g | (1.82+0.10) E— 4 (3.49%0.16) E— 4

Tables 5, 6 and 7. The iso- Yield

) 1.13+0.11 0.36 £0.03
. . . Ratio ( Y,/ Y,
meric ratio is defined as the atio (Vo /¥ )
2l +1
. . . B e 13/5
ratio of the relative yields 2l +1 1/2
Ym of the meta- stable (m) Note : The yield ratio for 'La was calculated using the 5
min result because the 30 min result is largely affected
state and Y; of the ground with the decay of '*™La (24 m).

(g) state. The yields were not corrected for precursor decays except for — ‘Te.
For this reason, the yields obtained from 5 min and 30 min irradiations are listed
separately. The isomeric ratios from the 5 min irradiation are given for'> La, since
the decay of '*™La (24 min) during the 30 min irradiation is large, as noted in the
table. The ratios for '“'Ba and ''°Te are of the weighted means. The (Y /
Y, ) ratios in the brackets given under 200 MeV are those of 250 MeV obtained
by Kato and Tsai!'® from a 1 hr irradiation of '®Cs and a 2 hr irradiation of

*La. The target spin and parity are 7/2+both for '*Cs and '**La.
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Table 6 Isomeric Yield Ratios [ *°La+200 MeV -7 J.

Nuclide ®La ""'Ba 120 Ty 118 T
m 6 — 1/2+ 1n/2- 1/2-
Spin (1)
2 — 3/2+ 1/2+ 1/2+
m | (4.40+0.32) E—4 (1.22+0.15) E— 3 (2.01+£0.47) E— 6
5 min
(1.82+0.19) E— 4 (2.03£0.3) E— 3 (1.57+0.36) E— 6

m | (3.46£0.26) E—4 (1.12£0.05) E-3 (3.47%0.43) E— 6 (1.22+0.12) E— 6

30 min

g | (2.84+0.29) E—4 (1.14£0.05) E— 3 (6.05+059 E— 7T | (1.0740.09) E— 6
Yield 2.22+0.29 0.89+0.06 5.73 + 0.9 1.15 % 0.14
Ratio (Yn/Yy) (1136 E—1) (1.862 E—1)
2lp+ 1
A 13/5 1/2 6 6

T Yield corrected for the precursor effect from '*'I (2.12 h].

Note : Yields of !*'™&Ba and !°™8Te are, respectively, affected with contri-
butions of '*La and ''°I decays, but these contributions might be small be-
cause of the lower yields of '*La and '**I compared with those of '¥ ™& Ba and
1emg [ regpectively. The yield ratios for '*'Ba and ''°Te are of the weight-
ed means. And the yield retio for '®La was calculated using the 5 min result
because the 30 min result is largely affected with the decay of '¥™La (24 m].
The values in brackets are deduced from the Y / (Ym + Yy ) for 250 MeV
by Kato and Tsai'® .

There seems to be a correlation between the (Ym / Yz ) ratios and the statis-
tical weights, rather favoring the high spin states closer to the target spin in all
the cgses except for '°Te from ('**Cs-+200 MeV) and for all from the 250
MeV cited. In the *°La reactions, the (Ym / Yz ) ratios for '*La and '*Ba
increase with increase of bremsstrahlung energy from 100 MeV to 200 MeV. However,
the ( Y/ Yg) ratios for '*Te and '"°Te from both '**Cs and '®La with 250 MeV
reported by Kato and Tsai'® are smaller by an order of magnitute or more than the
present results with 200 MeV. It has been reported that the isomeric ratios of
912t g 116 18 120G) gnd MO STn from the '’ I reactions increase with bremsstrahlung

end ~point energy?? but that the ratios of *“*Sc from the *Sc, 'V, “Mn,



107

Table 7 Isomeric Yield Ratios [ '3Cs+200 MeV -7 J.
Nuclide 120 I 121 Te 119 Te
0+ 11/2— 11/2—
Spin (1)
2 + 1/2+ 1/2+
(9.62+4.02) E—5 (4.31+1.02) E— 4 (2.08+0.48) E— 4
5 min
(4.12+1.72) E—4 (3.43+0.79) E—4 (2.16£0.49) E— 4
(2.26+0.17) E—4 (1.21+£0.09) E— 4
30 min
(9.59+0.60) E~ 57 | (1.71+0.01) E— 4
Yield 0.23+0.14 2.36 £0.24 0.72 + 0.05
Ratio (Yn/ Yg) (9.06E—2) (0.1933E— 1)
21yt 1
_ZTg-—F—l— 1/5 6 6

T Yield corrected for the precursor effect from '2'1 (2.12 h) .

Note : Yields of '2°™&] gand ''"*™ETe are respectively, affected with contributions
of ™ Xe and "'°1, but these contributions might be small because of the lower
yields of '*Xe and ''*I compared with those of '2*™€I amd '°™E Te, respec-
tively. The yield ratio for !°Te is of the weighted means. And the yield
ratio for '»'Te was calculated using the 30 min result. The values in brackets

are deduced from the Y,/(Yu+Yy) for 250 MeV by Kato and Tsai'® .

Fe, ®Co and ™As are independent of the energy®®. The (Y, /Y, ) ratios also

seem to be independent of the distance of the product nucleus from the target, as was

127 )

seen in the '?"I reactions®? .

This and the correlation noted above suggest that the

emitted nucleons carry off only small amounts of angular momentum from the

target nucleus.
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Spallation Yields from Natural Rb, Sr and Y Irradiated
with 100 MeV and 200 MeV Bremsstrahlungs

K. Sakamoto, M. Nishio, M. Dohniwa, K. Okada and Y. Hamajima
Department of Chemistry, Faculty of Science, Kanazawa

University, 1—1 Marunouchi, Kanazawa, 920, Japan

Spallation yields, relative to the '®Au yield from '*Au (7, n), of 17 to 25
radioactive products respectively from Rb, Sr and Y of natural abundances irra-
diated with 100 MeV and 200 MeV bremsstrahlungs are reported. The isotopic
distributions, isobaric mass distributions and charge dispersions are described and
examined with respect to the spallations induced on the other targets by photons and
particles of wide ranges. The isomeric ratios for 858687y and ®Sr determined are

discussed.

§1. Introduction

Extending mass region of the photon-induced reactions reported in the preceeding
paper’’, yield determinations were performed on the radioactive products from Rb,
Sr and Y of natural abundances® ( ®*Rb 72.17%, ®Rb 27.83% ; *'Sr 0.56% ,*°Sr
9.84%, ¥Sr 7.0%, ®%Sr 82.6%, ®Y 100%) irradiated with 100 MeV and 200 MeV
bremsstrahlungs. The characteristics of the isotopic distributions, the isobaric
distributions, the charge dispersions and the isomeric ratios were compared with the
existing data on photon- and particle-induced reactions of targets and energies of
wide ranges and also with the predictions by Rudstam’s five parameter formula.
The present results on the targets of composite isotopic abundance like Rb and Sr
somewhat restrict clear distinctions of the nuclear phenomena, but serve to extend
our. knowledges on nuclear effects occurring in nature such as cosmic-ray induced
spallation and on productions of radionuclides useful, for an example, to medical

applications.
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§2. Experimental
2.1 Target preparation
Commercial RbCl and Y,0; of reagent grade (Mitsuwa Chemicals Indust-
ries, Ltd), and anhydride SrCl, prepared by heating commercial SrCl,- 6H,0
( Wako pure Chemicals Industries, Ltd. ) at 110°C in a vacuum oven were used
for target materials. About one gram of the material was introduced together with a
piece of Au wire (0.6 mm in diameterX 5~10 mm) in a quartz tube of 1 c¢cm in diameter.
Several of the tubes with monitor foils of Au (40~50 mg /cm®), Cu (300 mg /cm?)
and/or Ni (13 mg/cnf) cut into 10X 15 mm were placed along the beam path in a
water-cooled target holder.
2. 2 Irradiation
The irradiations were performed for 5 min and 60 min with an uncollimated bre-
msstrahlung from the 300 MeV Electron LINAC of the Laboratory of Nuclear
Science, Tohoku University. The details of the irradiations and the monitor
reactions are described in the separate paper! .
2. 3 Radiochemistry and Radioactiwity Measurements
Soon after the irradiations, the targets were subjected to radiochemical process-
ings shown in Fig. 1. The principal chemical procedures are almost the same as
described in ref. 1 for the Cs and La targets. But for bromine thg oxidation of
Br™ was aided by IM KMnO,, and krypton was expelled to cooled charcoal by heat-
ing RbCl or SrCl, or by dissolving Y,O, in 6N HNO;. Chemical yields were
determined gravimetrically after counting, except for Se, As and Kr. For Se
and As radiotracers of "°Se and "®As were added before chemical separations and/or
reactivations of the precipitates by 14 MeV-neutrons after the separations. For
Kr, radioactivity ratios of ®™Kr to ®Sr, ®Sr and/or ®Rb were determined with
the chemically-unprocessed targets irradiated together with the processed one. The
obtained yields were ranged 60~80% for Sr, 11~92% for Kr, 60~90% for Rb,
75~99% for Br, 63~98% for Se and 85~95% for As.
Radioactivity measurements were performed by gamma-ray spectrometry using a 80 cm?

and a 68 ¢cm® ORTEC Ge(Li) detector of 1.8~2.0 keV FWHM at 1333 keV
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and a 500 m* ORTEC low-

IRRADIATED SAMPLE
energy photon detector of (Y203 SrClz RbCL )

545 eV FWHM at 122 keV,

. ) conc. HNOs Carrier Carri
both calibrated with Amer- Carrier 6N HNO3 a.:”eéc(
hum. HNO5 1M KMnO. NHaNHy HO
27112
sham standards and 'PEu cCl
it Extraction ppt. Se sup.
sources of the sample size. Centrifuge aq. org. B
ppt. SrNO3)2
Th duct lid Ho 6N NaOH H:0
e product nuclides were 2 Centrifuge 1M NaHSO0s CH3CSNH:
_ _ NaOH | Extracti
assinged and evaluated with sup. BM:M Heat
Centrifuge dil. HCL aq. org.
characteristic gamma-rays oap. to pH7 BN HNO> ppt. As:Ss
Boil
Na(B(CsHs))
1 Na:C0s 0.1M AgNO3
and the half-lives. The opt. S1COs ppt.RB(B(CeHs)] ppt. AgBr

decays were followed for

months. Relevant nuclear
T-SPECTROMETRY
data were quoted from

the latest issues of the Fig. 1 Chemical procedures for irradiated

data tables?? . Y. 03, SrCl; and RbCL

§3. Results

A vyield in the present work is a radioactivity yield defined as the production
rate of a nuclide per gram of the target element relative to those of '*Au from'®’Au
(r, n) reaction per gram of Au irradiated together® . The results of the yields
are tabulated together with the relevant nuclear data for Rb in Table 1,
for Sr in Table 2, and for Y in Table 3. The symbols /7 and C denote the
independent and cumulative yields, respectively. The errors given are of the
statistical ones associated with photopeak counts, background subtraction and effi-
ciency determination. In these tables the results from Rb and Y of 5 min and 30 min
irradiations are listed separately for the two irradiation energies.  These are not
corrected for precursor decays. The difference of the yields from the 5 min and
30 min irradiations are fairly consistent within the uncertainties except for a few
cases. The discrepancies are mostly considered to be due to fed-in from precursor

decays, but some data remain to be confirmed further experimentally.  But these do

6N HCl Kr Extraction
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not affect much the deduction of features of mass distributions.

§4. Discussions
4. 1 Isotopic Distributions
The measured isotope yields are plotted
against the number of nucleons (x¥+3)
emitted from the targets %Rb, ®Sr and 10

%Y, respectively, in Figs. 2, 3 and 4.

T 1 'l“"‘w’l T ““"T
oo

The open marks approximated with the 10

dotted curves are for the 100 MeV irra-

LA Il"l’l‘

o,
|

diation and the closed marks approximated

with the solid curves are for the 200 MeV.

LILLRALLL
3

The circles, squares, triangles, stars, dia-

monds, pentagons and reversed triangles

x
{

T lll‘lll'

—_—

Yield relative to ’AulT:n)*Au
;r

are for isotopes of Sr, Y, Rb, Kr, Br,

<

Se and As. The shapes and their varia-

TT llll"'

tions with the number of emitted nucleons, 10°

(x+), and with the end-point energies

T IIHlll

look quite similar for all the targets 107

including '**Cs and '*°La described in

T Il'lll‘

the precedin aper''; the exponential L i
p & bpap p 0 S 10 15

decrease of the (r, yn)yields for y_§4 ~ Number of nucleons emitted from 85Rb
(x+y)
5, the Gaussian distributions for each

. Fig. 2 Isotope distribution from
element, the exponential decrease of the

surface ridges with increase of (x+y), $ifibw (7 2pyn) reaction.

and the smaller slopes for 200 MeV than those for 100 MeV. However, some details
are quite different among the targets studied. For Rb target, the FWHMs of the
distributions for 100 MeV range 3.2 ~3;7amu, but those for 200 MeV do increase

from 3.6 amu of Kr to 5.1 amu of As. This increase of the width should be

apparent, since the products from the %Rb reactions are over-lapped on the right
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Number of nucleons emitted from 88Sr Number of nucleons emitted
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Fig. 3 Isotope distribution from Fig. 4 Isotope distribution from
88Srs0 (7, xpyn ) reaction. 8Yso (r, xpyn) reaction.

wings of the distributions plotted referring to 72.17 % *Rb, though the extent of
the broadening is expected not to be large due to magic nature of *'Rb (N=50).
The widths for Sr target are about 4 amu and the slope of the surface ridges is
larger than those of the Rb target. The yield contributions from the less abundant
Sr isotopes raise up the yields at the left wings of the distributions. The plots
are referred to the most abundant, heaviest and neutron magic %Sr CN=50).
The product distribution from the monoisotopic and neutron magic ¥Y are limitted

in small ranges in mass; 3.6~3.9 amu at half-maximum, both for 100 MeV and

200 MeV.
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4. 2 Isobaric Yield Distribution 1072
Isobaric distributions were obta-

ined by summing the yields of the same

[

mass number. The isotopic yield curves

were used to complement the unmeasured

yields. The differences of the isobaric

yields for 100 MeV and 200 MeV are

T Il[III

drawn against the distance of the product

mass Ap from the target mass A; and are

3,
)

T T II1|II|

Yield relative to '¥Au(r,n)"%Au
(@)

compared with those for '®*Cs and'*°La

in Fig. 5. The A, values for RbDb

L 1

and Sr are chosen again to be 85 and 88,

1
5 10 15
At - Ap

respectively. These distributions are
Fig. 5 Mass distribution for 100 —

200 MeV from natRp natgy
*Y(r, xpyn) for x>1.

considered to be of spallation caused by
photons of energies between 100 MeV and
200 MeV. The distributions for RbD,
Sr and Y are quite asymmetric to the peak masses corresponding to 4A= Ay — A,
=4, tailing to larger 4A, as are in '*Cs and '®La. However the extents of
asymmetry are very small in the latter targets. The 4A of about 4 at the peak
is a half of 4A for '*Cs and '**La. The width and peak height for *Y are
distinctly small compared with those for the isotopically composite Rb and 5r.
The features for Y, as well as those for '*La, would partly be a consequence
of their magic nature. The magic effect of **Sr and *'Rb on the mass distribution
is not very clear, since the yields at low 4A are overlapped with the ones which
come from the non-magic Sr isotopes lighter than ®Sr and the yields at high 4A4
with those from ®Rb. The extent of the latter would be relatively small due to

neutron magic.



4. 3 Charge Dispersion and

Swvstematics

The N/Z charge dispersions for

Rb, Sr and Y targets are shown

respectively in  Figs. 6, 7 and 8.

The symbols are the same as those in
Figs. 2 ~ 4. The

solid and dotted

curves are of visually fitted ones to the
obtained plots for 100 MeV and 200
MeV, respectively, assuming a Gaussian
form.  The 100 MeV curves especially
for ¥Y are far exact due to insufficient
data points. Noted in the figures are
the median mass Am of the products,

the (N/Z) values corresponding to the

N/Zpy, NI Zpp
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o N/Zpy = 1.22 N/Zop (1.248)
- N/Zpy =1.22 N/Zoy (1.253)
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1 1 Il
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Fig.

Fig.7 N/Z Charge dispersion from "*'Sr.
100 MeV  T7<AL85 (Am =81)
200 MeV- T3<LAL8S (Am =T79)
Suffixes 1 and 2 refer to 100 MeV and
200 MeV.
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target, (N/Z:, the weighted means for the composite Rb and Sr targets), to the
beta-stability valley for Am, (N/Zo), and to the most probable charge, (N/Zp).
The suffixes 1 and 2 refer to 100 MeV and 200 MeV.

The N/Z dispersion parameters extracted from Figs. 6—8 are compared with
the other targets and photon energies of wide ranges®*® in Table 4. Some results
on high energy proton induced spallations”®are included. In the table, the width of
the charge dispersion is expressed by FWHM , 4(N/Z) and by the corresponding
Zspread, 4Z.  The values of the peak position, N/Zp or Zp and the widths,
A(N/Z) or 4Z have been found to be almost same for similar Am from V, Mn, Fe
and Co targets®9, independent of both the type and energy of the incident particles.
The (N/Zp)’s for Sr and Y targets seem to be independent of the end-point energy
of bremsstrahlung, and all the Zp’s locate at neutron-deficient side of Zo by at
most 1 unit, but far from Zi. According to a theoretical analysis by Rudstam®?
for evaporation step for excitation energies between 100~200 MeV in particle-induced
spallation reactions, the width of charge dispersion is determined by the level

density parameter a and by the separation energies. In Fig. 9, the values of the

Fig. 9 FWHM of the CD curves.

i O 1Cs, PLa+100 MeV - 1
i &  ¥Cs, La+200 MeV -7
alN/Z) | v #71+250~900 MeV - 1
* MAg+3, 29 GeV-p
ol A matRp natGy 89y 4100 MeV -7
- A "iRp, matSy 8Y 4200 MeV -7
i M 5°Co+0.3~1 GeV-71
- O %V+3, 29 GeV-p
B 51V +0.3~1 GeV -1, 250~400 MeV -1
: ® | *°Mn+0.3~1 GeV -1

9Co+0.3~1 GeV -1
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width in Table 4 are plotted against Apy.
The results of the present series of work,
drawn through by a dotted line, apparently
deviate from the solid line drawn through
the other data. In view of the uncer-
tainty in the width, the discrepancy is
considered to be due to the uncertainty in
fitting of a Gaussian form. An important
point is that the width decrease exponen-
tially with the increase of Ay , within
.
a range shown by the two lines. This,
in turn, indicates the parameter a to be
a function of Am , thence the evaporation

step determine the final distribution of

the residual nuclei. The parameter K,

in the Rudstam formula'®, is related to

4Z here, and has been approximated by
R= d’Ax’ for charge dispersion. The
literature data for d’ and ¢ are 11.8+
3.0 and 0.45+0.07"", respectively, and
the range shown by the two lines in Fig. 9

are well within the errors attached to d’

and ¢. In Fig. 10 the values of Zp,

60

50

40

30

20

H > D x 4 O

. 10 Most probable Z (Zp) at

product mass Am-

18%Cs, 1%La+100 MeV -7
13C0s, *La+200 MeV-r1

1277+ 250~900 MeV - 7
matpag+3, 29 GeV-p

natRp, "atSr, #Y+100 MeV -7
PatRp, "atGr, Y +200 MeV -1
®Co+0.3~1 GeV~ 1
V+0.3~1GeV -,

250~400 MeV -7, 3, 29GeV-p
®Mn+0.3~1 GeV~r1
®Co+0.3~1 GeV -1

more certain than the width 4Z, are plotted against Am. All the data quoted stay

on a single straight line for Am between 45~130 amu. The evaporation analysis®

indicates that the Coulomb barrier influence is strong on Zp. The barrier height

and then Zp are considered not to be proportional to the mass number, and Rudstam'’

)

and his followers'! approximated Zp empirically by a form, Zp=SAm ~TAm” . (Note

that Fig. 4 of ref. 11 is a (Zp / At vs At ) plot, instead of a (Zp/ Am vs Am)

plot, through the deduced S of 0.486 and 7T of 3.8X 107" are not affected much by
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that plot.) However, the result shown in Fig. 10 indicates that the Am-dependence
of Zp can be well approximated with a form Zp=SAm. Actually the compiled values
of S cluster around 0.5+0.1 and those of T are close to zero!!).

Another parameter, appeared in the Rudstam formula, is P which determines the
slope of the ridge of the isotope distribution. The P values and the slopes in
the present work are given together with the ones estimated for '**Cs and '**La for
100, 200" and 250 MeV'® in Table 5. The P’s were estimated from fitting
of the calculated distributions to the observed ones and the slopes were obtained
directly from Figs. 2, 3 and 4. The discrepancies are within uncertainties in
fitting, but fairly large compared with those predicted by P=1460 E, *' - A%
for end point energy E£o<<600 MeV given by Jonsson and Lindgren't . Also
one is hardly confident with the prediction of P=7.66 A:>® , independence on
energy, at E,>600 MeV, from a inspection of the compiled P shown in Fig. 1

of ref. 11.  The same figure is reproduced by adding the present values and the

Table 5 The Slope of the Peaks of the Isotopic Distributions and the Parameter

P of the Rudstam’s Formula.

The slope (b) was obtained by fitting the peak height (Y) and mass (A4,)
in Figs. 2, 3 and 4 in a form of InY=Ilna—bA,. The perameter P

in bracket was estimated by fitting the calculated distributions to the
expermental Xe pattern. For the other parameter values of S, 7 and R in

the formula, see text.

End Point Energy of Bremsstrahlung ( MeV )

Target
100 200 250
$*¥Rb 0.86 (~0.9) 0.41 (~0.45)
natgy 1.16 ( 1.12) 0.46 (. 0.48)
By 25 ( =) 0.83 ( 0.7 )
%3Cs 121 ¢ =) 0.38 ( 0.45) 035 C — )

13974 135 ¢ — ) 0.60 ¢ 0.65) 040 ¢ — )
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others mn Fig. 11. The dashed lines are the predicted variations for 'V and

127111) 1271

The target-mass-dependence of P is not clear except for °'V and
which are the best studied ones. Also it is not known why the energy-dependence
of P changes at 600 MeV. A more systematic study on the P variations with

At and Eo , such as the ®V and '*" targets are required.

:_ O\+\T
0.5-_- L 2;}

P(CDMD)
1
/
/
’
/
)
—/‘/Q/"
......._/
/
RS —
- -
1
<
L 1

[RSVAYS

0.05||||| ) L1131

|
01 0.5 1 5

Maximum bremsstrahlung energy (GeV)

Rb < Sr V Yy [ Cs O La A
Ga @ As * Cu V¥ Mn W Fe @
Sce ™ V @ Co ™ I A Al &

(Targets are of natural abundance)

Fig. 11  Parameter P as a function of the end-point energy of bremsstrahlung.

4. 4 Isomeric Ratios
Some isomeric yield ratios were obtained for the only-monoisotopic #Y target,
and shown in Table 6. The yields for metastable and ground states obtained from
the 5 min and 30 min irradiations are separately shown. No correction for the pre-
cursor decay is applied. The ratios given are of the weighted means of the yields
from the two irradiations, because of no large differences in the ratios between the
two. The spin and pairty of ®Y are 1/2—. Qualitatively, for the products

closer to the target such as #Y (and #Y) the yield of the low spin state is higher
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than the yield of the high spin state and for the products more distant from the

target such as ®Y and ®Sr the yield ratios seems to be determined by the statistical

weight in the products. No distinct energy dependence is observed, as reported for

% in contrast

the ratio of *Sc from %S¢, 5V, %Mn, Fe, *°Co and ™As targets
to the energy-dependent ratios of '#La and '*Ba from '**La targets' and of ''*'*'Te,
16418120G) and %" In from '?’I target?. There seems to be a mass dependency of

the energy dependence of the isomeric ratios.
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A Rapid Preparation Method for *Cl-labelled Alkyl Chlorides

Masuo Yagi, Yoshifumi Murano T, Gunzo Izawa'
and Kazuyoshi Masumoto
Laboratory of Nuclear Science, Tohoku University, Mikamine,
Sendai 982, Japan
YDepartment of Chemistry, Faculty of Science, Tohoku Umiversity
Aramaki—Aoba, Sendai 980, Japan

A rapid preparation method for short-lived, carrier-free and/or non-carrier-
free *Cl-labelled alkyl chlorides has been studied. The method involves (1)
preparation of carrier-free  *Cl-labelled silver chloride on surface-oxidized silver
wool as a chlorinating agent for %Cl-labelling and (2) preparation of *°Cl-
labelled akly! chlorides by connecting the above source to a radio-gas chromatograph
as a precolumn. In order to examine the usefulness of the present method, prepa-
rations of 12 carrier-free and/or 7 non-carrier-free *°Cl-labelled alkyl chlorides were
tried by using the corresponding halo-organics as reactants. Although preparation
and purification of the labelled product in each case were sufficiently rapid and
simple to allow production of the desired compounds, the carrier-free products for

practical use could be prepared only when alkyl iodides were used as reactants.

§1. Introduction

The isotope exchange reaction has been extensively used as one of conventional
techniques for preparation of organic-compounds labelled with radioactive isotope. In
order to prepare non-carrier-free radioactive chloro-organic compounds by the above
reaction in homogeneous or heterogeneous system, several metal chlorides labelled
with radioactive chlorine, such as Li*ClY, A1%C1.>¥, Cu®"™Cl,"” and Sn* C1,
have been used as useful chlorinating agents.

In the heterogeneous system, however, it has the great advantage in that the
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labelled product can be separated more easily from the labelled starting material
than that in the homogeneous system. Stdcklin®”,  Robinson®!” and Kleijin
et al,"  have tried to prepare a wide variety of carrier-free '®F-labelled fluoro-
organic compounds in dynamic systems by using '*F-labelled resin as a fluorinating
agent, and demonstrated that this labelling technique is simple, fast and effective

to obtain the above labelled products. In previous paper we have also reported

12,13)’
that  surface-oxidized = silver wool effectively collects anhydrous carrier-free
H'®F produced through the *Ne (d, « )'®F reaction in a gas target system of
circulatory neon containing small amount of hydrogen, and that the '®F-labelled
silver wool prepared as above can be used as a powerful fluorinating agent for
syntheses of carrier-free '®F-labelled alkyl fluorides by connecting it to a radio-
gas chromatograph.

From the analogy with the above experimental results, in the present study,
we have tried to investigate preparation of carrier-free  *Cl-labelled silver
chloride on the surface-oxidized silver wool as chlorinating agent, and syntheses of

carrier-free and/or non-carrier-free **Cl-labelled alkyl chlorides by connecting the

above source to a radio-gas chromatograph as a precolumn.

§ 2. Experimental
2.1 Reagent
Argon with a stated purity level greater than 99.5% and hydrogen in the
highest purity available were obtained from the Takachiho Chemical Co. and used
without further purification. The silver wool was purchased from Merck (No. 1506).
All organic halides and other chemicals used were of guaranteed-reagent grade.
2. 2 Preparation of carrier-free **Cl-labelled silver chloride
The carrier-free  *Cl-labelled silver chloride was prepared by using the
surface-oxidized silver wool as a trap to collect H®*Cl which was produced by the
“Ar(7r, p)*Cl reaction in the gas target system of circulately argon containing
5% hydrogen!? .

The target chamber, made of quartz, 5 cm in.diameter and 10 cm in length,
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was placed horizontally on the center axis of bremsstrahlung, and cooled with
running tap water. The column containing surface-oxidized silver wool was then
connected to the outlet of chamber, and the system was evacuated to a pressure of
1 X 107" Pa in order to make it as free of air and moisture as possible. The
silver-wool column was prepared freshly each time according to the same manner
as described previously'®

After hydrogen gas was first admitted to the system through a vacuum line to
the desired pressure, normally 5 X 10° Pa, argon was introduced into the system to
the desired pressure, normally 1 X 10° Pa, and then the gases were circulated at

! by means of an oil-free diaphragm pump. In order

flow rate of 500 mlemin~
to prevent simultaneous productions of **Cl and 3*S by the “Ar(7,pn) and
the “Ar (7, 2p) reactions, most irradiations were carried out with 30 MeV
bremsstrahlung at an electron beam current of 150 # A for an hour by the electron
linear accelerator of Tohoku University. After irradiation, the remaining gases
in the system were slowly evacuated through the vacuum line to the trap which was
cooled by liquid nitrogen, and the silver-wool column was removed from the target
system to use it as soon as possible.
2. 3 Preparation of carrz’er-freé $Cl-labelled alkyl chioride

After the carrier-free *°Cl-labelled silver-wool column prepared as above
was connected immediately to the radio-gas chromatograph inlet, it was heated up to
200°C by using an electric furnace with temperature controller. In the analogy
with the cases of !®F-labellings, several alkyl bromides and iodides were used as
reactants. When 1 21 of the reactant is injected by microliter syringe according
to ordinary gas chromatographic procedure, *°Cl-labelling is accomplished rapidly
by passing through the gaseous reactant into the heated silver-wool column, and the
labelled product is also separated effectively from the remaining reactant by the
succeeding gas chromatograph.

Separation of the labelled product from the remaining reactant was carried
out by the use of a 1.5 m X 3 mm stainless steel column packed with 20% tricresyl

phosphate on 60-80 mesh Celite 545 operated at 20-100°C, and at a helium carrier
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gas-flow rate of 20 mlsmin™. The mass trace was measured by a thermal conductivity
detector, while the radioactivity, i.e., the labelled product, was measured by
continuous counting of the effluent from the gas chromatograph using an end-window
gas-flow counter'®  under the following conditions. Injector ; 120 °C, thermal
conductivity detector ; 120 °C and radiation detector ; 180°C . The **Cl-labelled
product isolated as above was then collected in a small glass trap cooled by liquid
nitrogen at the outlet of radiation detector when the labelled product was being
eluted. The 3°Cl-labelled product was identified by comparing its retention time
with that of the standard compound. The radiochemical yield of labelled product was
determined from the ratio between the radioactivity due to the trapped eluate and
that due to the *Cl-chlorinating source by measuring 250 keV gamma-ray of *Cl
with a Ge (Li) detector connected to a multichannel pulse height analyzer.
2. 4 Preparation of non-carrier-free *°Cl-labelled aklyl chioride

Preparations of the non-carrier-free  *°Cl-labelled alkyl chlorides were
examined similarly by using several alkyl chlorides as reactants. In these cases,
the *°Cl-labelling is achieved by passing through the gaseous alkyl chloride into
the heated silver-wool column, but the labelled product is eluted together with the

remaining reactant by the succeeding gas chromatograph.

§3. Results and Discussion
3. 1 Formation of carrier-free *°Cl-labelled silver chloride
The carrier-free *°Cl can be produced effectively by using the “Ar(7,p)
reaction which has previously been studied in detail in our laboratory!®. In a
similar manner to the on-line processing of '°F, anhydrous carrier-free H *Cl
produced by the above photonuclear reaction in a gas target system of circulatory
argon containing 5% hydrogen was also collected on the surface-oxidized silver wool.
Distribution of the radioactivity collected on the silver-wool column was
measured by using a Nal (T1) detector equipped with a lead collimator of 5 mm in
width. Collection of the carrier-free H*Cl was completed within the first 2 cm on

the column. From this, it was found that an increase of the column length has
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practically no effect. On the other hand, the maximum recovery by the freshly
prepared silver-wool column at the end of irradiation was found to be about 400 «Ci
(recovery yield : about 30% ). This low recovery yield would be attributed to
adsorption of the carrier-free H**Cl on the walls of the target chamber'®
The radionuclidic purity of 3°Cl-labelled silver wool obtained as above was
ascertained by measuring the gamma-ray spectrum and by observing its decay. As a
result, several photopeaks corresponding to 301 and *°Cl were found, and the
contamination due to the former was estimated to be about 6% of the 3901
radioactivity at the end of irradiation.
3. 2 Dependence of 39CIdabelled product yield on the reaction temperature
Dependence of the *Cl-labelled product yield on the reaction temperature

in the range of 120 to 220°C was studied

by using ethyl bromide as a reactant. 1.6
The carrier-free 3Cl-labelled  ethyl 14 F
chloride was welleluted before the 12;
remaining reactant by the aid of the S
2.0
succeeding gas  chromatograph.  The SN
. w 08
relative yields of *°Cl-labelled ethyl o
he)
chloride are shown in Fig.1 as a ,9-;‘0'6 B
function of the reaction temperature. g 04 |-
. ‘ L
As can be seen in the figure, the o2l
relative  product  yields showed a 0 | [
tendency to increase steeply with an 100 150 200
) ) Reaction temperature, °C
increase in the reaction temperature.
On the other hand, the contact time of Fig. 1. Dependence of the *Cl -labelled
ethyl chloride yield on the reac-
gaseous reactant with the *°Cl-labelled tion temperatuve,

silver wool was estimated to be less than 0.4 sec on the basis of the gas flow rate
due to the reactant and helium carrier gases.
3. 3 Preparation of carrier-free 8Cl-labelled alky! chloride

The isotope exchanges of *°Cl with alkyl halides were examined by the use of
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n-propyl chloride, bromide and iodide as reactants at a reaction temperature of 200°C.

The results are shown in Table 1. The yields of ®°Cl-labelled n-propyl chloride

Table 1. Radiochemical yields of *°Cl-labelled n-C,H,Cl prepared from the
corresponding n-CsH:X (X=CI, Br and I).

Reactant Product Pyrolysis Radiochemical yield
(%) (%)
n-C;H,Cl n-C,H,%Cl1 0 0.03
n-C;H; Br n-C,;H,*Cl 2 0.5
n-C;H, I n-C,;H,*Cl 5 4.4

increased markedly in the order C1<{Br<(I. In the cases of n-propyl bromide and
iodide, the halogen exchanges are essentially irreversible because of the stability
of C-Cl bond. Hence, the above order would be attributed to the rate of
dehalogenation of the alkyl halides. In the case of n-propyl chloride, however, the
%Cl-labelling proceeds fundamentally by the thermal isotope exchange reaction. From
the above results, it is apparent that iodides are more favorable reactant than
bromides for preparations of the carrier-free **Cl-labelled alkyl chlorides.

In order to study further the usefulness of 3Cl-labelled silver wool as a
chlorinating agent, preparations of several carrier-free 3Cl-labelled  alkyl
chlorides were examined by using the corresponding bromo- and iodo-compounds. To
avoid productions of the non-radioactive by-products due to pyrolysis in the reaction
column, all examinations were carried out at a reaction temperature of 200°C. The
results are summarized in Table 2. These radio-gas chromatograms showed that all
eluted radioactivity peaks were given in the desired chloro-compounds. In some
cases, however, the non-radioactive by-products due to thermal decomposition were

also observed, but we have not determined the identities of these products. As a
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Table 2. Radiochemical yields of carrier-free %Cl-labelled alkyl chlorides

prepared from the corresponding bromo- and iodo-compounds.

Reactant Product Pyrolysis Radiochemical
(%) yield (%)
CH,I CH;**Cl 0 5.9
C,H; Br C,H:*°Cl 0 0.5
C,HsI C,H:*Cl 2 4.3
i-C;H,Br i-C3H,*Cl 20 1.8
i-CyHyl i-C3H,*Cl 83 13.3
n-C,H, Br n-C4Ho* Cl 5 0.5
n-C4Hol n-C4Ho*Cl 16 4.5
i-C4H, Br i-C4H,*°Cl 41 0.5
s-C4HoBr s-C4Ho*Cl1 9 1.3
t-C 4Hy Br t-C4Ho*Cl 98 0.1
CH,CHCH: Br CH, CHCH:*°Cl » 15 4.3
CH:Br2 CH:Br?**C1>CH,*Cl ; 0 0.1
1, 1—CzH4.Brz 1,1-C2H4Br® C1>>1,1-C.H,*Cl, 1 0.5
1,2-C2H4Br: 1,2-C,H4Br*Cl 0 0.2

matter of course, the yields of *’Cl-labelled products were resulted in higher values
with iodide compounds than with bromides.
3. 4 Double replacements by no-carrier-added *°Cl
When dibromide compounds were used as reactants, the characteristic —results
were also obtained in the analogy with those obtained in the '®F-labellings. In
the case of 1,2-dibromoethane, only one radioactivity peak, which was assigned
as 3(Cl-1,2-bromochloroethane (e. g., CH,BrCH,*Cl), was found, whereas in the

case of 1,1-dibromoethane, two radioactivity peaks, which were identified as
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39Cl1-1,1-bromochloroethane (CHCHBr*°Cl1) and *'Cl-1,1-dichloroethane (CH;CH*Cl, ),
were observed. A similar event was also found in the case of dibromomethane,
in which *Cl-bromochloromethane (CHzBr*Cl) and *°Cl- dichloromethane (CH,
%Clz ) were identified. Although the reproducibility of product yields in the latter
two cases was invariably poor, productions of the dichloride compounds were
always given in lower yields than those of monochlorides. |

These findings suggest that bromine atoms bonded to the same carbon such as
dibromomethane and 1,1-dibromoethane were replaced simultaneously by two *Cl atoms
even in the carrier-free state, while bromine atoms bonded to different carbon such
as 1,2-dibromoethane were hard to replace with two °Cl atoms. Although the
individual product yields are very low, the above double replacements using silver
chloride as a chlorinating agent are of very interest, but it is difficult to explain
these reaction mechanisms.

3. 5 Preparation of non<arrier-free *°Cl-labelled alky! chloride

Dependence of the *°Cl-labelled product yield on the reaction temperature
by the thermal isotope exchange reaction was studied using n-butyl chloride as a
reactant in the range of 50 to 300°C. The labellings attempted at less than 100°C
were unsuccessful even when the flow rate of helium carrier gas was decreased to

less than 10 mlemin ™

. At more than 250°C, however, the labellings were found to
be effective although the non-radioactive by-products due to thermal decomposition
in the reaction column were observed in substantial quantities. As preliminary
experiments, therefore, all labellings by the present method were carried out at a
reaction temperature of 200°C. The radiochemical yields obtained are shown in
Table 3. In these radio-gas chromatograms, it was demonstrated that the retention
time of each radioactivity peak agreed with that of the mass peak due to the used
reactant. Although the labellings gave the reproducible results, the radiochemical
yields were only a few percent even in the most effective case. In order to
obtain higher radiochemical yields than those resulted in the above preliminary

experiments, it is required to increase the reaction temperature and contact time of

the reactant, although the former will lead further the thermal decomposition of
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the reactant.

Table 3. Radiochemical yields of non-carrier-free  *°Cl-labelled alkyl chlorides

by the thermal isotope exchange reaction.

Reactant Product Pyrolysis Radiochemical yield

(%) (%)

1-C3H, Cl i-C3H, *Cl 0 0.9

n-C,Hy Cl n-Ci Hy**Cl 1 0.2

i-C4H,4Cl i-C,H¢*Cl 2 0.1

s-C,HoCl s-C jH4*°Cl 6 1.3

t-C4H,4Cl t-C 4H,4%Cl 1 0.1

CH, CHCH,Cl CH; CHCH,%*Cl 1 3.1

3 .6 Efficacy of the present method

The efficacy of the present labelling method lies in the fact that
the carrier-free and /or non-carrier-free **Cl-labelled alkyl chlorides can be
prepared by a mild and fast way combining preparation and purification processes.
Unfortunately, however, application of the present method is limited to volatile
compounds.

Preparations of the %Cl-labelled products shown in Tables 2 and 3 were
completed within 30-45 min after the end of irradiation. In previous papers'®'?
we have pointed out that the reaction column can be used repeatedly after both the
labelled product and remaining reactant were eluted out. Throughout a series of
the present experiments, several successive injections could be carried out
successfully. In the labellings by nucleophilic substitution reactions as stated
before, the radiochemical yields of carrier-free *°Cl-labelled products decreased

little by little, whereas in those by the thermal isotope exchange reactions,
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such successive injections led to the decrease in the specific activity of
the labelled product. These results are probably due to an exhaustion of the
*Cl-labelled silver chloride formed on the surface of the silver wool. On the
other hand, when increasing amounts of the reactant (5-10 #1) were injected in
preparations of the carrier-free **Cl-labelled products, only a slight increase in
the radiochemical yields of product was observed. This may be attributed to the
violent variation in the gas-flow rate due to the reactant and helium carrier gases
when the reactant was injected, and/or to the diffusion process of *Cl on the
surface of silver wool because the diffusion of radiohalogen in the solid is the
rate determining step'®. The used silver wool could also be reformed and re-used

in the same manner as that handled in the '°*F-labellings'® .
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target products . percent yield/%
exp? exp¥* calc ***

*ICr(dbm), 0.05 + 0.03 0.70 £ 0.46 2.63
*'Cr(acac) (dbm),  0.17 + 0.11 2.48 £ 1.72 22.11

Cr(acac),(dbm) 5'Cr(acac),(dbm) 6.11 + 0.65 91.78 + 13.26 47.89
*Cr(acac ), 0.34 £ 0.15 506 £ 2.36 27.37
Column 93.34 =+ 1.74
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* Total radioactivity in the sample is normalized to 100%.
**  Total radioactivity in the eluate is normalized to 100 %.
*#%  Statistical distribution.
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The correlation of retention to the mole fraction was investigated in brems—
strahlung - irradiated copper and zinc phthalocyanine ( CuPc and ZnPc ) mixed
crystals at —78°C and at around —130 °C in the presence and in the absence of
air. The retention—mole fraction diagrams for copper and zinc nuclides showed
the linear relationship. At dry ice temperature, the slopes of the lines for %Cu
and *Cu in vacuo showed the tendencies approaching to zero. In the more
cooling cases, little influence of degasing was observed for copper nuclides,
while the retention curves of zinc nuclides showed rather complicated features.
Copper nuclides were, in general, less sensitive to atmospheric conditions than
zinc nuclides. Major portions of the retention in the present systems were proved

to be due to the processes insensitive to the external atmosphere.
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Partition coefficients of Cu(tfa), and Cu(tta), were determined at 25°C
in eleven organic solvents-0.10 M perchlorate systems. Their values were
compared with those of the enols of respective f-diketones and evaluated by
a modified equation based on the regular solution theory and by the scaled
particle theory. In the liquid-liquid partition of the copper (Il) chelates,
their molecular size as well as specific solute—solvent interactions such as
the direct coordination to the central metal were demonstrated to be of

importance.
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BRI EN O EEETH O, B RGO REAS B RS 2 BEEDOAIEN D,
SBOREHECRIIC K10 5 S BONEF CRELISAIMThR T\ 5, BT 4 v OhhithitkE
MEER (Ko ) RESTEDTZENTE, FL— PREBVTL Kex=Fy Kpu K Kp g
LEEXEPTIEMTES, ZITHhRIEBF LV — NDOSERER, Ko v ZThOHEM,
KB OSEERTHY, K ¥ U — FREOBMAEETE, Kor T TNOSEBETS 5o
FroniZf—or b VETRER 4 v OBMICHNT S, ThHOREERDO S, A, LK,
RS L OO HHMEEDO GBI BT« e fEX VTR S T %0 —T5, Kpu& Ko
BT B RFA BT 2RI IR i T (L) IS Koy POV TIEH T X AELEN T H D,

AT, hO&BE LUHD R E 0BT, FL— balEE LTUL, BCHELLT
F T 4 kv (Hacac )? DUICBEEEERC&B1 + v & OFEBERDEL DY b)) 71
‘a7 F AT bV (Hifa) &7 /A0 Y 704 a7 b (Htta) ZHV, e DH
BerA I — KR D FARE A FBE b L — 5 —Cu 2L TR D 1o B D e FUAREUIEIE L
FoIE BIBWERICE S W CF U — MRED SRR & i L DB R L OBLAL T OEEIC S
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THEE Lo LKA, B EBREOR - BOEOTFHIL Ehd TENLHETHA T
L HUR &N scaled particle Bi#Y VT, ERIBERIC L AR LB 21T -1

§2. £ E&

21, HELEE

MU TZNARTEFATE N VYBIOT /AN N Tt aTE v ThENRE, B2
FELRIC L ORBE Lico BAHE b L —4 — TCu o X OMOREDORE, & 75 L EBEITE
CHE LcbDERALTHLL

22 #& £

WMTi&thuﬁ—wﬂMwﬁUD%;U%%(mw—s)®pHK%%Ltawwi
OBEERB T M) UL kETKEEL, (05—1)X10MD g—UF b v R ETARHY 25+
0.5°C T 0.5 — 5Kk & 9 9 %o EONBER, ThZhOMhHOBHRICH5TER L T
Io—EEZEOHEL, Nal(TI) HFRY vFL—v g VAT VA - THHEEXRIET
5o BB & KAHDOBEHBED L L 0 (1D O ELH (D) % RD Do E 1KV pH % 4 7
A BB FACTRET 5o M FHEOERITHE M ORI K TLZ LI L OHERL
1o

¥k, A= bV OSEAEIE pH2—3 DKMEE AT EREE L > TRD 1,

§3 # e

1 M AR fls LC Hifa — <XV
£ vk & Htta —~ 72 VHROHMH R %
R¥ o BEEIOKKRD f— 0 b VA 4 2r
VBB, KHEO pH & T hZ h OB B
BB, SEABE ORI L 5 TR T,
gl (1D * L — b Oy EABII S BLLED 75

Htta-heptane

Htfa-benzene

log D
IS
T

% 1 Distribution ratio of
copper(II) vs. concentration of
fA-diketonate in an aqueous -y | , , . . .
phase. -8 -6 -y -2

[f-diketone] _
=0.05—0.1M, pH5—8. log [A")
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N — e BEIRIC BT ARBBMEE LTRD, 1x107°—4x10°MO(ID BEFHBT—ETHH
EHFED DT, F o, TORMEIEND, Bf=D/(Kpu[A 1) oBfREHAWT, Kidho4
BEARER B, bROLIENTE, NI TFAT LIV ET /AN TNFET
L hVYERFR 109 & 10%% Thotoo —F, Htta TORVE YR/ aakivain Ol
B, SEABOENIAZBETCIOHETIERCRO LNV EDRDRSTCDT, ~
FHY, NTRY, KAV, EFAVOABEOT NV VEETHAD -7 /1L b Y 7L
Fa7 e b vEr— OFERAREKEFOLEERER Y H LN LHRDTE X, MOBK
FROGEEEE A Kpu=D/ (B (A1) XL 0FtHE Lico 4B EDRED N L REEREY f—
U Y OGERECT & LS 1 RICRT . SERABUCR T ABREDOFINIIRIEF—EL T
B0, A —F /A b)Y IArtaTe b vyFL—rOENREDIL>TKE - TW
%o

B—or bV IBEFTT b, T/ - LOFEREWE LTHFELTED, B1ERD Kpr &
ROGODRBREE 2D, AMETIEEF L — bOFTRER L TN EBUOBELZR>T

%1% Partition coefficients of A-diketones and their copper (II)
chelates at 25°C.

No. Solvent Htfa Cu(tfa), Htta Cu(tta),

1 Hexane 3.17  x 107 2.23+0.05 4.79° (1.2440.11)%10°
2 Heptane (2.67£0.00)x107"  2.01£0.02 3.72° (1.11£0.05)%10?
3 Octane (2.39+£0.000x10™  1.58+0.09 4.05+0.28 (1.18+0.07)x10°
4 Dodecane 172 x  107¢ 1.11+0.12 3.1940.11 (8.03+0.56)x10?
5 Carbon 718 x 107 (1.7740.02)x10 2.00x 10° (3.71£0.20)x10**

tetrachloride

6 i-Propylbenzene (6.68+0.01)x107 (2.40%0.08)x10 2.34x10% (9.10+0.56)x10**
7 Toluene 1.02+0.02 (9.26+0.09)x10 4.02x10° (4.44%+0.07)x10°*
8 Benzene 1.282 (1.05+0.03)x10? 4.20x 10° (3.08+0.75)x10°*
9 Chloroform 1.952 (1.46+0.02)x10% 5.33x10° (1.73%0.16)x10°*
10 Dichloromethane 2.512 (3.97+0.19)x10% 6.84%x 10" (5.98+0.14)x10°*

11 Dibutyl ether

(5.25+£0.10)%10

(1.67+0.03)x10%*

*Calculated from Kpy=D/(B, [A"F).

aRef. 5, Pref. 6, ©

ref. 7.
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/= DTEARE (Kpp) &t
B3Ll LT, PSR
DHFFZDWTEET LD
B Om Lc P I > Thpg
FEE LI

5 2 POl 4 DEPEERICE T
5KpmE Kpg % TEFAT b
VORRD AEDHT, ThEh
DEHEDENERILN LT 1
v b LTH oo $IDF L —
DENMFEZENEN f— V7
vy EZr (V) L —rDEN
BEY LD RBES ok, 7/
ANk )IntaTebvFL ok

6 Cultta),

4 Htta

10g Kpe. 10g Kpy

Cu(acac),
= MOWTRBR#E S hic |

ZAfiF L — b DB EEREY ! | |

0 100 200 300

& 5%19\?3@55{‘%(”& LTL‘ v/ Cm3 mol"l

foo X/ =k, @D F L= b 282X Partition coefficients of enols and

A FENTE NS EREILE L the copper (I) chelates vs. their molar
volume.

HEDIERF (acac™ <tfa™ <

tta”) 7o TWAN, T/ =N EFU— b2 TAETEF ATV EMN) T AAOT

CFATE NV TIREEAEDOBRTEAMAEBOREILF LU — FDFINEL LB E VI E N

BRI S,

§4. & %

4.1 ERBKR

ENGRTHED LIHE 2 0BMA, KEMOSESREK (K ) &, 7 FHROHEEER Y%
HbIBRELFNVF-FECOOZACTROLOILES I EMNTE %o

In KDZO=%%(CWW—CDO+2C02—2CWZ’ ) (1)
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L ITHRFW, 0 R FNEIK, BEBEEED L, Cw’ IKEDBEICHEMFHY ST T
A =R —Thb, BELERBESTFLOMBEERANEL LTHBICLHEDTHNE Cos
~ 0,0, (O IWMRIE T A — 2 — ) LEEPHIC L > GEETE, (DRUT

RT
Ve

LEEXET I LRTE By % 0,(=Co )ILR LT T8 » b T HITERBIGAIIES 1,

1HKDZO+ Cooz 2 6250+ wa'—zcwzl (2)

HEL D0, WALDCaw—2Cw BRDHI EMNTE 5,

140

120

[
o
o

.3
o

(RT/V)1n Kpp® + Cop / cal cm™®

60

12 ] ]
7 8 9 10
8, / cal'/Zem3/2

223X Evaluation of partition coefficients based on
the regular solution theory (see Eq.(2) in text).

The number corresponds to that in Table 1.
a Htta, b Htfa, ¢ Hacac, d Cu(tta),, e Cu(tfa),,

f Culacac),.

HEIMKT/ —AVBLUOFALOH(IDFLr— b RT 572y BRI TW S, BE—
BRI sk e EEARE L D NAT v F AT 2 VRO 7o aRr /oo i g 2
R TCI0BEEOREEBREC DWW T BIF ERER ARSI L T b & 2 ATUHT O
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(DFL—PFERBVWTHRBNLTF LT T LOERLLOT L, AR TR LO
FOEBAD T F LT — T VORMEES L\ OREHEERDERTHLEELDNS, K
IN_BER L OREI NI LNTEND AT A2 =%, B2RDOE2, 3DH T LRKRINT
Who DT/ = DWTUE, 0y, Cuw— 2 Cu’ EBIEWERZRLTE O, BREE, K
X A E - BRI EERICKELENTT W Ebh b, —h, D F L — b2 T
FEWFThONRT A= L ZDOEFIKEL, HEFHOKEIDNERS LR LTV 5, FIT
TEFAT L YER) TIAABTEFAT LI Y FU— TR Cyw—2Cw BDRKZAD
EL7E D (Cy’ BREV), KEDHAEERAPKEWEE Z BN S, FRAIBRRICE T,
QR TREN D & O S RAROFEEBIC L 2 B2 RIEERICHET 5 & L5 TE 508
T OEBEBRGIBRLE T VICEUTE 21O TH D, &9 —HDOKBRIZO\WTEE
BN aHEIRETHEELE 2 5,

4.2 scaled particle B (SPT)

SPT BBEOBEET VKISV Thibied, Kb EHbbOIBRICHERT L &
NCE Do &, DEETHNOBMROEL L TELThb, BRIBECEES FHADLID
DREAKIELMBIEEL, T A CBBES F0E O OBES + S HAERT 5 88150 TH
2B ENMTE Do o THMOARIXAF —B (46D 1F, BAMRDOHBT F/L¥F —
(G) LMEFRAOABMIALF - (GHRI->TRDLIOSREL T ENTE b,

4Gy=G.+G; +RT 1n ( RT/1000) (3)

SEICAE S BT 30 F —ZLII KRR L OB~ OBRROHH T X V¥ —BLOETHS
o,
RT InKp=—( 4G 0rg— 4Gy aq) W
=(Guoaq— Cerorg )+ ( Gi.aq—Gi org) )

LEBIDY G I SPTRE > TROEXMOEET LI ENTEHY

Go=— _ 3y (2
G, = RTm(130+RT1_y<%>

3y 9 ( v }() NAyp<az)3
+RT[1_y4-2 (1—y> P +_7T_ N (6)

ST, 0, 0, BFENEREL, WEOSTEE, Ny3TES Kaf, PRESD, o 3B
ORBETH, I oFvIEKTy=(rnpe2)/6 THEzZLNL, BEDOYFEE g, I
SR L 0185 - BIRIEE, o= 1.356 V7 — 0.8268 %M\ TEAMAREL D R - 720
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BAMIIE, ~T 2 VREDOVTHE
BOSFHEEICRT 50 B0 BB T %
WE Bt E 4G, (=Ge aq —Georg)
BRENTW D,
SPT L DitE S hic 4G, & HEsHR
Wi 7a y hERTED, BRrD
INLOBEEKBLONT RV ED
MEFROZ X VF —Rrh3ERE
CRIELIRWZ &b b, ZD/RR
FoaxyE RO LS nBRMER
LEHDOFEDOEE LFEL LTS
—7, (D * L — r DAL, SPT
WO TRINBEL DI E s
DKEDHAEIERB~NT & v EDME
TEREDEAMERENI ERRLT
Who £ LTXDRERIET 2 F VT &

3oL/ — ik

NvE by IntraT7EF LT MY

FL— MEBWTHEZELRBLN D, 6)RND Giaq—Gioerg & RT InKp & 4G, DL LTEE

RT In Kpp, 86, / keal mol™!

Cu(ttal,

”t,t/

Htfa

Hacac
Cultfa),
Cu(acac),
L I l l L l
4 6 8 10
@, / 107 cm

#8 4K Comparison of cavity formation
energy with transfer free energy

of enols and their copper(Il)
chelates in heptane-water system.

BL, B2FEFTo Giaq—Gi oy & EABKHRDHBONIHEELKLOHAIFROKE

#23% Comparison of parameters obtained from the regular solution
theory and the scaled particle theory(heptane system).

Solute 0, Cww— 2 Cuy’ Ge.aq—Georg Gi,aq—Gi, org
(cal cm™)? cal cm™ kcal mol™ kcal mol™
Hacac 10.4 =17 3.69 —2.63
Htfa 10.0 — 68 4.22 —2.33
Htta 10.2 — 68 5.21 —1.98
Cu(acac ), 11.6 —116 5.76 —6.78
Cu(tfa), 11.2 — 104 6.64 —6.23
Cu(tta), 11.0 —91 8.37 —4.21
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WHOELNAT EBRLT WA,

B, D -T2 F AT bV FL— FROWTEFERAXS LI bR E
FLRT T & OO EE RO LR L2 22T, X OMMmERELERLPTWEE
ZENAM(D— ) 744 BT 2F AT MY/ FU - PCDWT, NVEY, JTF LI —
Fou, KBEPICB G EBNART AV ERBIE LT, FERKRALR AL 1T, "V EVHD
ARG P VBDORERBEREE DO LD LG EAERMUTHLL, T—T /v, KO LS IRtk
HEAR TR TR A7 b KECERL, POLSBNDOBEBED F OB 2R LT %o

Dibutyl ether

_ T

40 .

500 600 700 800
Wavelength / nm

# 5K Absorption spectra of Cu(tfa), in various sclvents.
*[tfa”1=10.013 M.
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WonEzbhE 9,
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RSO ERCFATORRIED T h EEB LTV 5 2 &, ERBEOFEL L L O
TROT A NF —REBCFIHTAIREDO LN EAVETHAZ L ERHTbhb, LD
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keV) TR A D Fe b 50 “Mn ( 936 keV ) 35 505 Zn % “Cu ( 185 keV ) TEET
LHEDGa PO Ga (185 keV ) L LAY ELRDH L, Thbid, ERCAHMT B L1
BT AEDOYRINCEDN D As R CoD L HIIT T E I\ F, HEL o AT
BEOr BT 570D, 0000, 1, Fe 8LV Ga 2BH L THELL L LMD
TROY - JHBELERDTEE, TOEZH - THIETAZ LIk L1

3.4 TEERER

Pond Sediment ¥ % 0 Estuarine Sediment & $EEEEFRMGRHNL 4 Diim i TREL, ©
hERIE DWW CERR{T->70 7, Pond Sediment DL DHhDTLRI >\ TEREMER
RS LT b,

% 13 Photon activation analysis of Sr in NIES No. 2
Pond Sediment by internal standard method.

Internal This work Cug/g)
Standard No. 1 No. 2 No. 3 No. 4
Ist. Run
#Na ( 1369 keV ) 115 107 114 117
“Sc (159 keV ) 105 114 109 123
Mn ( 835 keV ) 111 109 114 112
2nd. Run
%Na ( 1369 keV ) 110 107 112 116
Sc (159 keV ) 106 104 115 115
*Mn ( 835 keV ) 108 106 111 119
Average 109 = 4 108 £ 3 113 £ 2 117 + 4

H1RC ST DEBERLY R LI, Stk ®Sr(r, n) ¥™Sr RICEFIH L TEES b,
SImQr (3 2.80 hr L HEMWER S TH D, REKTHR | ~4ROMIc £ R L b 21
BIE Ltz FNEZHROBET, Mg 1HD *Na (1369keV), Ti hHD*Sc (159keV),
Fe 75D °Mn ( 847 keV ) AIERE#E L L TR T E fofob—RARNC 2 ¥ 6 HOERENSB
bhizo ZBARTOEREOEEREIT A BLNTH O, FICHTPEECFE L r BOFE
BELIHLDTH -1

Wi, Ni OEREERLE 2RIOR Lico NLIZ®Ni (7, n) ¥ Ni REx2FIHLTERESh
Bo STNi (Z¥BHI36.0 hr T, BEEA~THARECHE L TR, MBI 7EI2R
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#2232 Photon activation analysis of Ni in NIES No. 2
Pond Sediment by internal standard method.

Internal This work (ug/g)

Standard No. 1 No. 2 No. 3 No. 4
%ZNa ( 1275 keV ) 40.2 41.5 41.4 43.7
#Na ( 1369 keV ) 37.0 37.8 40.8 39.8
BK ( 373 keV ) 39.5 41.2 40.6 41.4
8K (618 keV ) 39.7 42.4 42.8 42.3
“Ca (1297 keV ) 39.6 42.9 39.6 41.0
%S¢ ( 889 keV ) 39.2 40.1 40.3 38.9
%S¢ (1121 keV ) 37.1 40.3 39.2 38.3
8Sc (175 keV ) 36.8 41.8 37.7 38.9
BSc (984 keV ) 37.1 39.7 39.5 40.1
#3Sc (1037 keV ) 38.4 39.5 39.1 40.7
8Sc (1312 keV ) 37.2 40.7 390.4 41.0
Mn ( 835 keV ) 36.3 38.6 39.6 39.5

Average 38.2 £ 1.4 405+ 1.5 40.0 +£ 1.3 40.4 £ 1.5

# 33 Photon activation analysis of Pb in NIES No. 2
Pond Sediment by internal standard method.

Internal This work (rg/g)

Standard No. 1 No. 2 No. 3 No. 4
ZNa ( 1275 keV ) 109 106 103 110
#Na ( 1369 keV ) 100 97 102 100
BK (373 keV ) 107 105 101 103
®K  ( 618 kevV ) 107 108 106 106
Ca ( 1297 keV ) 107 110 99 103
%S¢ (889 keV ) 106 102 100 98
%S¢ (1121 keV ) 100 103 98 96
®3Sc (175 keV ) 100 107 94 98
®Sc (984 keV ) 100 102 98 101
®Sc (1037 keV ) 104 101 98 102
®Sc (1312 keV ) 101 104 98 103
*Mn ( 835 keV ) 98 99 99 99

Average 103 + 4 104 £ 4 100 £ 3 102 = 4




165

DrEEFATLIENTEL, THIOR L X 5 CERBOEEEROBERETVTHhY
3~4 % THREIRDONISh ot A—BETLPNa DL O 1AD T BEFHT 5%
HLEBS DEORARD T BEFIBT2BENEETNTSN, 2 CREMFHEELL L
T Lo

BB3RII PO DBITH Do PHiZ?™Pb(r, n)®PbLAFIAL TER SN 5, °Pb 3%
PRI 52.0 hr T *'Ni LFARFICHAIETE 5, BRIINI OBEFLAKRTH -1 Z ORHIIIE,
Cs, Nb, Zr KX 0' Zn $ AAE I NS,

% 4% Photon activation analysis of Co in NIES No. 2
Pond Sediment by internal standard method.

Internal This work (#g/g)

Standard No. 1 No. 2 No. 3 No. 4
2ZNa ( 1275 keV ) 27.9 28.8 27.6 27.0
“Sc (889 keV ) 26.8 28.6 27.6 28.1
%S¢ (1121 keV ) 26.7 28.1 27.6 21.2
*Mn ( 835 keV ) 26.2 27.8 27.3 27.6

Average 26.9 £ 0.7 28305 27502 27.5=x0.5

BBARI CoDBITHA, Cold ®Co(r, n)®Co RILEFIBLTERES NS, *®Co i 3¥
B 70.8 d L KEHIRFHOKMETH ), NHEHEICIINa LD ®Na, Ti ibD “Sc B
LOMn LD *Mn HAFIHE N5, Co LARICERIhAILEICITAS, Ce, Cr, Rb B X
OY Db b RFEGKEOHE, RIEBAIRICE » TGGHIOMHBREL/ NS TE 5D, &
AR COBEMEOESLDEIHR LN LT b, ZDOLOK, EREROEE LIEMZ
TSRS L e AR D r BB R L O — VEBO B FEAKE BB L5 2 52 L
Hhrbo

5 5 Pond Sediment DEEBMERELAEM/LL & & IR Lico AR BEOHTIETE
bhicEBRERZEH TR Lico ¥/, FBIMNOBISH LIcHEEBEOB TS S, AEMEE
LUOBEEORINICTLRIL2WT, KREROEREZLE T 5L WThOTLRLIFFICR—
BLTWBI bbb, MOTREPWTHHEEEORWMENELNTEY, BEETEV
EEZOLN S,

NBS Estuarine Sediment 2\ T% Pond Sediment & EEDOERAIT - 1R, £
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# 53 Concentrations of trace elements in NIES No. 2
Pond Sediment (xg/g).

This work Certified
Element Average Range (N)
No. 1 No. 2 No. 3 No. 4 value

As 10.2 11.3 10.2 10.0 10.4 = 0.6 12 £ 2 10.3 —13.5(12)
Ce 35.3 35.5 35.7 36.9 35.8=x0.7 37.1—47.8C 6)
Co 26.9 28.3 27.5 27.5 27.6 £ 0.6 27+ 3 23.1—29.4(C21)
Cr 75.7 76.4 75.1 79.7 76.7 £ 2.1 75 £ 5 44— 87 (19)
Cs 3.69 3.61 3.68 3.65 3.66 = 0.03 2.64—4.7 C 9)
Nb 5.80 6.14 598 6.07 6.00=x0.14

Ni 38.2 40.5 40.0  40.4 39.8 £ 1.1 40+3 30.1—41.8 C10)
Pb 103 104 100 102 102 £ 2 105 £ 6 82— 119 (13)
Rb 40.2 39.6  40.3 44.4 41.2 £ 2.2 42 37—=50 (12)
St 109 108 113 117 112 £ 4 110 76 — 130 ¢ 8)
Y 24.6  24.6 24.4 255 24.8+0.3 20—26.7C 3)
Zn 334 349 329 335 337 £ 9 343 £ 17 290 — 382 (20)
Zr 102 107 109 106 106 £ 3 102 —132 ( 4)

# 6 2% Concentrations of trace elements in NBS SRM 1646
Estuarine Sediment ( #g/g).

Element This work Average Certified
0.1 No. 2 No. 3 No. 4 value

As 9.6 10.67 11.8 11.4 10.9 £ 1.0 11.6 £ 1.3
Ce 76.9 79.9 81.3 73.7 77.9 + 3.4 80
Co 9.5 10.4 10.3 9.4 9.9+ 0.5 10.5 £ 1.3
Cr 84.8 88.4 91.1 90.6 88.7+ 2.8 76 £ 3
Nb 14.4 13.9 15.1 13.3 14.2 £ 0.8
Ni 26.7 29.2 32.2 32.5 30.1 £ 2.1 32+ 3
Pb 31.6 37.9 29.6 33.2 33.1+3.6 28.2 = 1.8
Rb 90.9 92.0 93.6 89.1 91.4 £ 1.9 87
Sr 151 148 150 147 149 = 2
Y 27.8 29.4 28.6 27.0 28.2 £ 1.0
Zn 172 155 172 166 166 =8 138 = 6
Zr 480 464 413 419 444 + 33
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6 FD LS ERMENIB LI, AEMBEORINITLRICOWT, KEROMEL BT 5 L
Cr BLUO Zn BEWEZTR LT A, Tz, PhiZEHENDVL, ®PbD279keV 7D
ABEREDO LD AR CTORBEMIC AT Y F A bt Zr 3BTRS CRER
CEBETEZALLRTHHN, ERENLZVI 1D LT 8 BDRENLD NI, © ik
FTOE—ECDONTCHEDLLERDH DL L2 L 5, Estuarine Sediment (35T FHBLEA X
NIRERBITH O, SBRMOIEBEB N & DEBMRORE L - TOHEDFHE HETs &
Bbhh b,

LAk, R#IFETIE “ Internal Standard Method ” ( PISiEERER: ) 2 HBFHEHMLSHTIC
B L, BESERR O BEROBRET - 1o BAMIETMANY bas by —icLy, EE
B TCR N DERT ARED 5 b, ERICH AT 558 & R T % 28008 4 I
BO, REIZAD T A > TERRITO L ENTE I, KETIE, HERBCEABED LD
EFATA1OBFMBDOT Y v 7 AR EF v VA TELEWOFIENS LM, PELEC
TLRED LD 1 ROWEBENERMRCKE nPELE 2 5 LIk b, FORERL
WEEZHITNE W2 L9, $10, AMROLSCEBO rifxE =2 —cFIAT 52 413
LAD T RIETOHRCEENLBENDHLRMBRELNEILTEI2ZTEREDL L VL
£9

B HRP OBERD DO T E DSBS, WA EZHAR L, So&RAROBREY
E=2 - HMEND HEIEIC S bNT, AR ERBWLRAZEHEMT L2120 T, B
ABOFFECIMMRED € = 2 — 3 5 BED I\ PEEREEEL L 0 i ThH 2> L IR ER
HBEELTERTE AL LR ENTS,

e £ X Ak
1) F. Girrardi; G. Guzzi and J. Pauly : Anal. Chem. 36 ( 1964 ) 1588.
2) F. Adams and J. Hoste : Talanta 10 ( 1963 ) 1243.
3) J. Kim and J. Hoste : Anal. Chim. Acta 35 (1966 ) 61.
4) [ EFR, R, e R=TF%: AL 84 (1963 ) 583
5) Chr. Segebade, M. Kuhl, B. F. Schmitt and R. Neider : ]. Radioanal. Chem.
72 (1982 ) 665.
6) S. G. Chen and H. T. Tsai : J. Radioanal. Chem. 78 (1983 ) 263.
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SR AL i 5 P S o0 BE T AT IC AR E) U Ao
KAt D HUERAL S B BIF 72

B
CEAR R HHRE & BR

§1. BU®IC

FAL B AR EBPUFCR A (K9 100D ERT~BIE ) KB L fcE & L CRILEED bR A RE
KIBEDALS A LT b0 TR BDKIUBEDOHEICEL S, B=MKRIED O BIURETE (B
2~ 300 55~ 100 ERET ) I/ CRRBOT A F4 NEKBRATEM LT 5, Fhbk
PRI NER oo s AL o+ & B4R, Bt/ AR H, BER, R & Q- L8
—HTHY, REHEL 4000km® iz 5L RO R, BEKILEED 2000km* 213 % hic g
BLTW5,

T, TADLDOKPHRNEER Sh, KIUMESHEEROBIZE,AIT LD bR TV B, &
AN « BRI AOBIEIC D\ TP REBIZ 5 B 6

Bl KITEENC B\ TKEIEH LW A5 1 Y1 Ml OBERBE~ 7/ < ORRITERY
RHHLFEDOSE TR D LWHREEO—2TH b, I TRTA Y1 NEXITIDORK
WaEMRAT TR0 D 0—RE U THEIL TS LT 5 E VIR EFtai S M Ui
KR D HEACFI R 21T - foo TDORBEDBERILHRET 5,

§2. % i)

ARG A LT 5 EHMATIICEE LicT 1 1 ME~EBUAE O KR HEE D
( pyroclastic flow deposits, PFD ) oW TIIBAESFE"Y KL - TEHIR T 5,
Thbic kb &, FAMA OB LMICH - CO\FEKIUEO EI—% (\FHARR ), |
TG & VBT KILBR D A —7r (ISR S ), RE N VT 7 RS (L)l & K55 IK
D, Bil—a L EEROR ( BERERIKS, AEIIBRRIKS, B FEERIKE
ED) LRBHBE—HTH D, & O TIR - IoHRARHIRE H LT 5 MK, [ — &8
HIHIR E SR AEIRO LD TH Do L b KRED A & SIURL I Lo K ILBE &
B 1 RieR Lo

NGO KPHRITS AT L 0, %7 flow unit IK X - TG S nic @& ns 2 5hT
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BN EFHETICEL Lo kKBRo oA, REES T
ST R K ILE

WD, ARG TR EEINCREHIKD & O RE KB, B — SEER RO & O A
KPR, SEEHBHIERO $OFEEEARREF S LT 5,

B KEE OB AR K-Ar 35iIc X A & 2.7~ 1.7 Ma, +B, /\FHE, HRLEKRT
HELDPRHWERERL, ChHREETHLHETHE, HHRRITEE IR TR
THERERETH L, £& L TAEZMOREBE LOEIEIICIA ST L, LOMH
OEREZL (REHILT T ) ThHHEDEZIHR . ZDOKBRIELBD flow unit 1B
L, &L OBEEBHEOBERMOBE I, hAT 7OFRME L OCEFERMIE L Tw5
b OTIFMD flow unit D5 H—DLEDEER LT\ 5o Lo LA T 7 OILE, REIK
IR — i3 < &b 3D flow unit BRDHLNLH, TR DEERELE <, FEIREHE
DFEL, BEMERONBRARTZ LMD 5,

SR X B L, AKRERIEA &b 08 LD KRR DD, £ ORERIT
1000 km® %Z#Ez % EHEE I N Do FOBHEIIIA KL S HERBOMICH 5 AR —5
A—TH—PFELESMM (HEINLT T ) EEZLNLRILEN T I, HERFIIE
K-Ar4ERIc L % & 1.6 ~1.1 Ma Th bo —MRICIFBREDB AWML D, HvT FPREER &
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HEE SN AHSEHED S ORBHELE . AWML THERAIATH S AFA " 2AH
KPR DOFFEAET S T H Do

FAREKPIRIISEZ M OREN, BIEER—FCA<aMm L, AT 200km® #8225 E R
BLohTuws, A< &g 3HELED flow unit 2 HEER S h, BREEIZORE V. K-Ar 4
{2 1.8Ma & 6Ma D 2 DH|EI N TWE0, BFICIE 4~5Ma L#EE S h, Z 0FAIR
CNETIBNTE AR L DITBSLIE L FREARRIIISEHICER Lic Licie
Hh%, T Z TP ATR IS Lo KR —4E Lo

§3. ALY |

RE &AM KBROL T EBEEEKBRO—MIET A 14 PO LERINTV 50, HEE
KBERD 5 BEJIEIF—HICH T LT 5 S DIEHECE TH Do & &OEERE KA EIT AN
METH-T, TNTHAEENE L TAELER, BAEHOREIL 30~45% (AET X
<hY vy 7 ATT0~55% ), TD80BUEXREPREANLED, FELEHOEITD I\,

TATA P OPRAEDET 3~20%, 10BRIERDOLDHELE . RLLSWEDIFRAT
Ho>T11~28%, MWK 20~26%Thbo FDHLLRBTHEELR TN, Ang e DT VT VY
~777 74 MEARDSDIHRBE <, BT Angrg D7 T T KTA b ~/34 b F A b3S
ROOND, BOEWELER I N A=y vV +d =T A b +8E ( B+ T & v
)R LEL, —HOLDRIVEBEDENLY T VY FREAT WA, AV T LY KORME
MTBEONTH =T+ A POBERELTHEARS D, AV TV Y FHEEALD LSS
DIHTH b0 BOEIWORII N =2V 3 65~0%, A—V+1 b5 2~0%, &8 ;
3~0%, "V VTUVYE; 4~0%Thbo

A NR—=Y VIE Fsgyys EABEEIBE S, T/ Wor 60 EEVORHEETH D A -V
A b HHBEIER DB, Wosg-ss Enggs FS 1400 TH Do RH77 « BRMEA T I TIO,,
Al,05 % Na; O 75 E DRI DEHENME . /LY T LY Fik Mg/Mg+Fe 7%0.56~0.67,
Si (O=22)M6.T~T2TH-TIITFvA kYT LV FEBRIERIN %,

WACE 3B TR WAL G 2R L, AR+RRA+Y =1 T4 V+BRERB+F L
VIVYR+HIVT A MBI TH > EAERZR T WD, & OREABGERALE
FREALBRD KPR DIERE S hTuhisyv, BHROBEIAE; 16~21%, fRAT~9
%, Y =4TFT 4V 02~1%, BEM; 0.6~23%, fANA ; 0.2~4.4%, B8 ;03%
Thbo HEAFAN, DF Y TV —A~T VTV VYDBENHE, BHC Ang e P77 5 KJ
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B1ER TAYA b —WECE DERDFETHE

1 2% 3* 4 5% 6* 7 g* 9 10 11 12*

$i0, 65.07 64.69 69.62 66.37 70.69 69.82 68.77 67.69 67.71 70.89 71.71 T71.64
TiO, 0.54 0.68 0.42 0.38 0.45 0.43 046 057 057 050 043 047
ALO, 1537 1551 15.09 1562 14.44 1491 1503 15.10 15.71 14.13 13.92 14.14
Fe,0, 2.37 3.89 138 236 169 204 186 253 182 276 220 2.17

FeO
MnO
MgO
Ca0

2.65 2.17 1.66 258 1.86 1.68 186 2.17 233 096 1.13 1.16
0.09 0.11 0.10 0.09 0.10 0.10 009 011 009 008 0.10 0.07
1.88 1.87 0.93 1.41 0.77 060 0.98 141 1.34 0.69 0.59 0.56
554 4.67 3.63 457 3.39 323 377 479 477 322 283 3.09

Na,0 3.05 3.14 3.80 4.03 393 387 386 338 336 356 355 3.68

KO

.37 157 125 112 153 140 131 142 151 201 220 227

H,0* 1.85 1.33 1.82 0.81 1.47 220 216 072 063 1.05 105 0.56
H,O0~ 001 0.00 0.00 036 000 000 000 000 0.03 000 000 0.09
P,0, 0.13 0.16 014 019 0.12 010 016 019 006 015 0.14 008
Total 99.92 99.79 99.84 99.89 100.44 100.38 100.31 100.08 99.93 100.00 99.85 99.98

AnalystK.A. K.A. K.A. K.T. K.A. K.A. KA KA. KA KA KA KA

1.

10.
11

Augite bearing hypersthene dacite (82070602), HHEEIKE, &R IEET =gl
fT&FEDYE 1.5 km.

Augite bearing hypersthene dacite (82070601), KBHEFOAEMEE, FEIHHIEH
.

Hypersthene hornblende dacite (82070701), #x Mo ARFOBEA, & HILET
ABR®DIEL1 km.

Hornblende bearing augite hypersthene dacite, BRI, WBTFHIIERD LD
& ( Tanida®' ).

Augite and hypersthene bearing hornblende dacite (82070702), ##ESEICED b
OBAMRFOBEA, WHARDIE 1.5 km.

Hornblende bearing augite hypersthene dacite (82070703), & L&A D
BA, BTEIEREA.

Augite bearing hypersthene dacite (82070704), B firho®BA, AHILEEH L
B,

Augite hypersthene dacite (82070906), WK EFOAREL v X, REEKER
HRAYS.

Augite hypersthene dacite (82100603), EAHRHFOEA, RENRE.

Augite hypersthene dacite (82070902), WEEIKE, RENPESHHRE.

Augite hypersthene dacite (82070903), #fEEIKE, REMNPEHDOE 2 km .

K.A. : HARFH—EE, H.S. : EBE, K.T.: AHEERS.
Nos. 1~7 : B kHHi, Nos.8~16 : A KFRE, Nos. 17~18 @ FAKHE KPR,
Nos. 19~25 : ZEDU#t KILUEE .
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EIER( %)
13 14* 15 16%  17*  18%  19%  20*  21%  22%  23% 4%  2p%*
67.29 67.41 67.82 69.54 71.45 75.40 65.86 68.53 66.54 70.81 67.92 69.82 68.26
0.60 0.60 050 0.54 049 0.16 055 087 051 057 049 049 0.44
1551 14.91 15.90 14.39 14.35 12.92 16.57 15.29 1590 1550 16.34 16.49 15.95
2.40 2.80 142 1.93 226 1.46 2.08 150 142 132 149 065 185
2.15 196 1.90 177 1.07 0.69 259 293 157 1.82 140 223 1.38
0.14 0.13 0.09 0.10 0.10 0.08 0.10 0.10 0.07 0.10 0.04 0.08 0.07
1.47 1.60 1.06 1.08 0.67 0.25 1.03 1.09 0.87 0.82 0.71 076 0.87
443 444 459 337 302 140 443 428 377 3.14 334 333 3.16
339 3.06 330 353 371 356 3.88 420 443 340 431 418 4.45
.32 1.89 172 216 221 327 067 096 1.07 206 150 1.06 1.13
0.94 1.03 1.29 154 053 086 029 010 277 0.35 090 046 0.65
0.13 027 0.15 0.22 025 0.18 058 0.11 022 012 060 0.08 0.61
0.12 013 0.11 0.12 011 003 022 0.18 019 0.06 015 0.15 0.18
99.89 100.23 99.85 100.29 100.22 100.26 98.85 100.14 99.33 100.07 99.19 99.78 99.00
K.A. KA. KA. K.A KA. KA HS. KA. HS. KA. HS. KA. HS.

12. Augite hypersthene dacite (82100602),

2Bl

13. Augite hypersthene dacite (82090106),
14. Augite hypersthene dacite (82090105),
15. Augite hypersthene dacite (82090303),
16. Augite hypersthene dacite (82090107),

JI.

BRBICETORE LY v X, ERILAHIRET

BEARGhOBL, KEERHTFOOE.

BOMSOBA, SEHERTRE K HE.
BOWMSOBL, SEERTERR.
BREBRIKETORALY VX, SBEERTE

17. Augite bearing hypersthene dacite (82090208), BHEKEHFOREL v X, BE

L BT B DR 3 km.

18. Biotite cummingtonite hornblende rhyolite (82090204), B#SEIKATDOREL v

A, HEETEHEREIE.
19. Hypersthene augite
20. Augite hypersthene
21. Augite hypersthene
22. Augite hypersthene
23. Hypersthene hornblende dacite, &, REESHAILL.
24. Augite hypersthene dacite (82091902),
25. Augite hypersthene dacite, &%, BF K.

dacite, ®&5, Bk UFELE L.
dacite, B4, THIEKILEFHEAL.
dacite, BARAPOREA, +FIABILEREOR .

dacite, %%, BKHBEILHRMER (Kawano and Aoki’).

BE, WK T
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1 PABDOOEND, T =4 T 4 VX Orgsg DMBEIHZR L, An BT 2 BT TH Lo &
WY TV NEFAH4 bSO LD HEICEH, Mg/Mg+Fe (3 0.568~0.43, Si (36.6~7.1
ThoT, ITFVA RNV TUYRETcm e kLY T LY FOEFRMTICERE NS,
HIVI RFA RDOMg/Mg+Fe 13 0.46~0.50 TH 0, L ED TiO,, Al,0;, CaONa, O %
o T b, BRES O CRERNRGERICE A, T IMBEE AR Mg/Mg +Fe (&
0.21~0.47 TH 5,

B2, SRICIIRYE, AN K LUHEREKRIEHROBHARAD An 2 Ab : Or Fh LA & A
HDCa:Mg: FelbZRLT,

B2k TATA b —WECE OBERSLESHE

2 3 5 6 8 12 14 16 17 18
Ba ppm 417 394 515 514 411 780 340 753 861 985
Ce 21.4  26.2 27.2 298 244 265 26.9 28.7 27.9 50.0
Co 15.8 5.6 4.5 2.8 9.2 3.5 9.5 4.5 5.0 2.2
Cr 55.0 114 131 95.3 61.9 40.0 32.2 14.3 24.5  38.2
Cs 0.64 2.72 1.24 0.96 2.09 3.05 2.15 3.69  2.71 2.20
Nb 4.6 4.7 5.2 4.9 4.1 4.5 4.1 5.9 4.4 8.3
Ni 30.1 72.8 79.2 654 32.8 189 13.0 5.7 154  23.2
Rb 40.1 27.5 33.8 32.0 456 69.4 55.4 65.2 60.8 105
Sc 15.6 1.7 15.2 15.6  14.9 8.9 19.1 13.9  11.0 5.5
Sr 215 188 180 180 204 163 182 174 155 66
Y 385 329 43.0 49.6 342 282 32.8 3.9 25,0 70.6
Zn 63 59 47. 42 54 46 68 60 34 39
Zr 133 134 150 160 112 128 120 137 128 92
19 20 21 22 23 24 25
Ba ppm 223 253 282 539 426 316 -
Ce 17.4  24.6 27.5 244 26.0 20.8 186
Co 10.3 2.9 1.8 6.6 4.9 5.9 3.8
Cr 71.0  29.4 31.9 9.4 649 380 44.9
Cs 0.46 0.35 1.13 308 1.37 0.96 0.82
Nb 3.1 5.1 4.7 4.8 5.1 4.0 3.8
Ni 38.3 14.5 12.0 3.7 395 23.0 26.8
Rb 13.0 22.6 239 654 40.0 26.1 25.2
Sc 21.8 1568 12.0 13.0 7.7 14.3 11.5
Sr 234 276 269 182 186 203 196
Y 48.1 39.7 368 27.3 36.2 29.7 2838
Zn 94 71 71 29 52 38 52
Zr 90 115 117 207 138 118 122
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§ 5. ERSEILY

S - T - A KERR AR T B T A A b — WO RS AL IR\ BRI
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TR TR LTV Do % 72 2 b KRR & 13 1F BRI T Lo/ AR 2 FIR Mt D &
D ESCERB D5 7 53, BT DA S DR & BHTEITL 5,
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§ 6. MEXRSTR
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1M Generalized geological map showing distribution of greenstones*” and
locality of the diabasic differentiated sill.
A : Idaira formation, B : pelitic and psammitic rocks, C:mafic rocks,
D :ultramafic rocks, E: locality of diabasic differenciated sill.
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#13% Chemical compositions of rocks from Mikabu diabasic sill.

No. 427-1 427-2 427-3 427-4 427-5 427-6 427-7 427-8 427-9
D.(cm) 1.4 4.7 9.2 20.9 25.1 33.0 47.0 52.2 54.0
wt.%

Si0, 41.92 42.67 43.11 43.51 43.08 43.36 43.96 44.31 44.51
Ti0; 1.30 1.37 1.3¢ 1.40 1.33 1.33 1.41 1.32 1.32
Al,0; 10.26 11.18 11.76 11.80 12.36 12.21 12.14 13.10 12.27
Fe, 053  3.21 2.79 3.43 2.98 2.83 3.10 3.12 3.39 3.77
FeO 9.05 9.08 8.42 8.46 9.14 8.76 8.57 3.77 7.66
Mn0 0.21 0.19 0.18 0.18 0.18 0.19 0.19 0.19 0.19
Mg0 16.31 15.30 14.29 13.74 13.39 13.05 11.79 11.47 10.69
Ca0 10.14 9.74 9.37 10.03 9.58 9.93 10.22 10.13 11.12
Na, 0 1.14  1.77 2.23 1.87 2.32 2.41 2.86  3.01 2.77
K20 0.04 0.06 0.04 0.08 0.03 0.04 0.09 0.02 0.06
HyOF 5.61 5.37 5.12 5.19 5.08 4.87 5.02 4.07 4.75
Ho 0™ 0.33 0.26 0.36 0.31 0.34 0.43 0.32 0.14 0.37
P20s 0.11 0.12 0.13 0.11 0.14 0.13 0.11 0.14 0.12
Cr,03 0.18 0.15 0.14 0.13 0.13 0.12 0.11 0.10 0.11
Ni0 0.09 0.07 0.06 0.06 0.06 0.05 0.05 0.04 0.04
Total 99.90 100.12 99.98 99.85 99.99 99.98 99.96 100.20 99.75
Recalculated analyses on water-free basis

wt.%

Si0,  44.65 45.17 45.66 46.14 45.57 45.82 46.48 46.18 47.11
Ti0: 1.38  1.45 1.42 1.48 1.41 1.40 1.49 1.38 1.39
Al1,05 10.93 11.83 12.46 12.51 13.07 12.91 12.83 13.66 12.99
Fe,0; 2.88 2.95 2.92 2.98 2.91 2.90 2.99 2.88 2.89
FeO 10.13  9.61 9.56 9.13 9.74 9.58 9.34 9.73 9.08
MnO 0.22 0.20 0.19 0.19 0.19 0.20 0.20 0.20 0.20
Mg0 17.37 16.20 15.13 14.57 14.16 13.79 12.46 11.96 11.30
Ca0 10.81 10.31 9.93 10.63 10.13 10.49 10.80 10.56 11.76
Na, 0 1.21 1.87 2.36 1.98 2.45 2.55 3.02 3.14 2.93
K20 0.04 0.06 0.04 0.08 0.03 0.04 0.0 0.02 0.06
P20s 0.12 0.13 0.14 0.12 0.15 0.14 0.12 0.15 0.13
Cr,0, 0.18 0.15 0.14 0.13 0.13 0.12 0.1 0.10 0.71
Hi0 0.09 0.07 0.06 0.06 0.06 0.05 0.05 0.04 0.04
Total 100.01 100.00 100.01 100.00 100.00 99.99 99.99 100.00 99.99
ppm

Sc 21.2  28.5 25.7 27.2 27.1 25.1 22.6 28.4 32.2
Cr 1212 1048 924 923 865 843 760 711 729
Co 82.2 80.7 78.5 71.4 72.2 69.8 68.2 69.9 62.0
Ni 677 549 500 464 451 412 371 348 323
Zn 38 66 69 78 76 79 58 74 80
Rb 0.8 2.6 1.0 1.6 1.7 2.4 0.8 n.d. 0.7
Cs 0.59 1.06 0.15 0.38 0.19 0.32 n.d. n.d. n.d.
Sr 16.6 17.9 22.1 18.7 43.5 38.7 98.8 155 170
Ce 6.3 6.8 2.6 2.1 5.5 6.0 8.0 5.1 5.7
Y 16.0 17.5 18.6 17.2 19.4 18.1 19.0 19.7 20.6
Nb 2.3 4.2 3.4 4.1 2.8 3.4 3.5 2.9 3.9
Ir 47.7 54.3 54.7 53.0 57.2 55.6 57.6 62.6 62.9

Analyst for major elements, H. Onuki. If Fe,O; in wt. % is higher than
(TiO,+ 1.5), the 'excess' is converted to FeO as recommended by lrvine
and Baragar!®

D. (cm) : Height above contact.
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& oA 25 2 NI, £TREOMEBREAE 2RR Lico 2R BWTT, #
TFEDOBEE X — v E T 5AE, TXTOTREOWT, ARNTOREZEY R
— BB L, ZEE TAZTERRLTH Do BB ATTR Y, M MgO KO Zriexd
55 TCHEDOMHBIRE % & o MBI 2 — v EEIKIR T, B3INxL, SHhxREaY
RF 4 TATEETHHMEO EEWIEHEEERL, 1 v av T JALETHD Zr LEW
MHBE AR T LD (Ni, Cr, Co, Fe' ), Zr EEWEFMHBE%R L, MgO & @\ ifEpi%
RTLD Y, Na, Si, Al, Sr), ZLTihnbowFnE @ HEZRE I WDy
BTELI EDD DB mUVHEEZRS VW TROHIEK, Rb, Cs, Ce, Nb £\W5LIL
TEPEENTOHHEFIFEACHETS, LrbIADDLRORTERHIE 2RLL LB HH
kién#mowmiorméo~&K@4v:yﬂ%47»%%2L1#@?5:n6®ﬁ
KDL THONDREREBI L L O EFEEEERVZTIEE D 5\ MIEE D% FFH
DEBZLHLDTHH Do TOMOMO RV Zr E@VHBA RS eWILR L TX Zn,
Sc, Ca, P, Fe*®, Ti%LTMn nb5b, Fe ' nTis 2 <A UEBLRTOE, 2802

% 3% Calculated abundances of elements from regression curves in the Mikabu
diabasic differenciated sill.

No. 1 2 3 4 5 6 7 8 9 10 11 12
D.(cm) 0 5 10 15 20 25 30 35 40 45 50 55
wt.%

Si02 44,34 45.24 45.65 45.76 45.73 45.67 45.67 45.78 46.02 46.37 46.78 47.16
Ti02 1.41 1.41 1.42  1.42 1.42 1.42 1.42 1.42 1.42 1.43 1.43 1.43
A1203 10.53 11.83 12.59 12.98 13.10 13.07 12.97 12.87 12.81 12.81 12.89 13.02
Fep03 2.91 2.91 2.92 2.92 2.92 2.92 2.92 2.92 2.92 2.93 2.93 2.93
Fe0 10.26  9.71 9.50 9.49 9.57 9.66 9.70 9.66 9.53 9.36 9.18 9.09
MnO 0.23 0.20 0.19 0.18 0.19 0.19 0.20 0.20 0.20 0.20 0.20 0.20
Mg0 17.99 16.11 15.02 14.47 14.23 14.11 13.98 13.73 13.31 12.72 11.97 11.14
Ca0 11.16 10.24 9.89 9.88 10.02 10.20 10.34 10.45 10.54 10.71 11.12 11.96
Naz0 0.83 1.91 2.40 2.54 2.52 2.47 2.48 2.59 2.78 2.97 3.06 2.85
K20 0.04 0.04 0.04 0.05 0.05 05 0.06 0.06 0.06 0.06 0.07 0.07
P205 0.12 0.13 0.14 0.15 0.15 0.15 0.14 0.14 0.13 0.12 0.12 0.13
Cr203 0.19 0.15 0.13 0.13 0.12 0.13 0.13 0.12 0.12 0.11 0.11 0.1
Ni0 0.09 0.07 0.06 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.04 0.04
Total 100.10 99.95 99.95 100.03 100.08 100.10 100.07 99.99 99.89 99.84 99.90 100.13
ppm

Sc 21.6 25.3 27.9 29.1 28.9 27.6 25.5 23.3 21.9 22.3 25.8 34.0
Cr 1297 1041 910 859 851 857 858 844 813 771 737 734
Co 82.4 80.7 78.2 75.6 73.3 71.7 70.7 70.3 69.8 68.7 66.1 60.8
Ni 717 564 482 447 437 437 435 424 403 374 344 325
In 35 59 74 83 85 82 76 69 63 61 66 83
Rb 1.7 1.7 1.6 1.5 1.5 1.4 1.4 1.3 1.3 1.2 1.1 1.1
Sr 14.9 18.8 24.7 30.4 34.8 38.1 41.5 47.4 59.5 82.5 122 186
Ce 5.2 5.3 5.5 5.6 5.7 5.8 6.0 6.1 6.2 6.3 6.5 6.6
Y 15.2  17.6 18.9 19.4 19.4 19.1 18.7 18.3 18.2 18.6 19.5 21.0
Nb 3.1 3.2 3.2 3.3 3.3 3.4 3.4 3.5 3.5 3.6 3.6 3.7
Ir 46.3 52.8 56.3 57.7 57.7 57.0 56.0 55.4 55.5 56.8 59.5 63.9

D. (cm) : Height above contact.



188

& 3MDP~DFEICEEL T Ti DELHETH B, Ti, Mn, PHMgO& @& HHE]
LRIV DIEI MO TEDBENERNTEREAEEDLRVEAETH S, Sc&Zn DEHIC
DWT, o &L EEEL

2v,85 4 7AEE (MgO, Ni, Cr, Co) »i—R HERHEBIERKOEER L, L EHI
e THAT 2L 50H2 50K LT, 1V 2V 3T « TATHEIRTHBRZE IR LY
LNCRPTEMARE LTV 5, T, FRHTH D CaODRE T —ERBITET Lictk,
BAENT 5o CNHDOEET, ZOEKORTHBAHSHEM IS EE TV THHA L
5 5L DTN ExR LTV %,

T OEEREBESUEIRI B B B ALIER & E B T 281, BRI
6%%@%Tﬁb&ﬁokoNbﬂNO%FeﬂuJQOJk,RbKOvT@1w®%ﬁﬁ
%, FOMOTELOWTIF4RDEERE AT, Cs ROWTIE S TR DETHAEI-10
w3kt BONEREPBOWTEHE L, BREET» D 5emBEDLFHMTDH %o

5.2 2BEORESLIER

BETEIOHEL LD E I OEBREEERITORERC, & ER v aRI A EAT
oA LA CEEHER D O AEBEAELTEY, TO B TRERWCIEEEEATDH
Do MEHLRE DS TR SAREDIRDOND L\ H T &iE, TOBRKE BV TA R
S OBUCIZEE LTRSS ERA TR R LTV %, #EEs E LTREADRD DI
HEMND, AEMHOELCE L TIREA DG I -1 EDTFHEN D,

#3FIERE LIERATOMBRELDABEMRBTEDNADAA, hADAAPEE S
5o sgEL, BAER, RIRAORESRCE2DEEL DL, BIRDT-2EIND
DY OB E % VT, Wright & Doherty ') @ X 0, SHISLH DAY LT L
FTOBRKKY R DI ENTRTH D, OHER, BetEE s & IEREY AT, RO
DN{E, ROFHMT, NMOBEORBHEERDLHETH 5o BONSMRIL, Al
HORBL O Y HTRID, BN TR, BO O LOENDIERHEBING 2LEDDH 5
M, TR AR TERCVATW AR Y, SR ThEERERERDTV. AR, il
T L FRNT, LobBEONS WEHEBRELR Lo flziE, 00— 053 ARIEEKIROM
B =7 =6 5em FEOBAROBIE & ER T 50O LB gy OB Gy LB, LU
CHREOEY , BE2FMEE LR LT 5, BROBENR S EEBRBOBRETET S
EMTE, FAEDTREFDER L —HICT Lico BONIBEN A FADSE, Lofi%k
Yok LlDTEHMN 1005525205 HH, 100 %0HD X L TRENLFHEFEND
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# 43 Results of mixing calculations based on 12 major elements and calculated
compositions of cumulates using the percent of residual liguids.

No. 00-05 05-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55
Cmt 0.57 0.22 0.01 - - 0.01 0.03 0.05 0.06 - -
01 7.96 4.09 1.90 0.73 1.36 1.51 1.96 2.77 3.39 4.09 5.18
Cpx 9.89 4.67 1.56 - - - - - - - -
P1 0.11 1.63 1.68 1.60 2.06 2.22 2.47 4.46

Total 18.42 8.98 3.47 0.84 2.99 3.20 3.59 4.88 5.67 6.56 9.64

R.Lig.% 81.58 91.02 96.53 99.16 97.01 96.80 96.41 95.12 94.33 93.44 90.36
IR2 2.089 0.304 0.009 0.011 0.002 0.003 0.005 0.046 0.040 0.008 0.047

Compositions of cumulates

wt.%

Si02 40.35 41.08 42.59 49.30 47.68 45.67 42.72 41.10 40.20 40.53 43.22
Ti02 1.41 1.31 1.42 1.42 1.42 1.42 1.42 1.42 1.25 1.43 1.43
A1203 4.77 4.13 1.74 - 14.07 16.09 15.65 14.04. 12.81 11.67 11.67
Fep03 2.91 2.81 2.92 2.92 2.92 2.92 2.92 2.92 2.75 2.93 2.93
FeO 12.70 11.84 9.78 0.05 6.65 8.45 10.77 12.19 12.36 11.92 10.02
MnO 0.36 0.30 0.47 - 0.19 - 0.20 0.20 0.20 0.20 0.20
Mg0 26.32 27.16 30.32 42.80 18.12 18.04 20.69 21.92 23.13 23.40 19.75
Ca0 15.23 13.79 10.17 - 4.8 5.97 7.39 8.70 7.71 4.87 3.25
Na20 - - - 4,90 4.4 2.7 - - - 1.69 5.03
K20 0.04 0.04 - 0.05 0.05 - 0.06 0.06 0.06 - 0.07
P205 0.08 0.03 - 0.5 0.15 0.45 0.14 0.33 0.30 0.12 0.03
Cr203 0.36 0.35 0.34 0.26 0.10 0.12 0.18 0.21 0.22 0.18 0.11
Ni0 0.18 0.18 0.19 0.21 0.06 0.06 0.09 0.11 0.11 0.10 0.07
Total 104.71 103.02 99.94 102.06 99.73 101.36 102.23 103.20 101.70 99.04 97.78
ppm

Sc 5.2 - = 52,7 71.1 91.1 84.6 50.6 15.3 - -
Cr 2431 2369 2329 1803 656 827 1234 1448 1512 1255 765
Co 89.9 106 151 347 125 102 81.4 80.1 88.1 106 116
Ni 1395 1395 1456 1627 437 498 730 833 885 801 522
Zn - - - - 182 264 264 186 96 - -
Rb 1.7 2.7 4.4 1.5 4.8 1.4 4.1 1.3 3.0 2.6 1.1
Sr - - - - - - - - - - -
Ce 4.8 3.3 2.7 - 2.5 - 3.3 4.2 4.5 3.5 5.6
Y 4.6 4.4 5.0 19.4 29.1 31.2 29.4 20.3 11.5 5.8 5.4
Nb 2.7 3.2 0.4 3.3 0.1 3.4 0.7 3.5 1.8 3.6 2.7
Zr 17.5 17.3 17.4 57.7 80.4 87.3 72.1 53.5 33.9 18.3 18.3

BERBZDH T EiXI,

FARZL EOBREA VT, ERABEERNTOGEBEY DR LEHY , TOER, BE
BOBERRLIcADTH B, CNHDOERNDL, ROENFZ %,
(1) FELHBEF LD, L V5emBEBE LT, ThUTTRPASATR LEFERTS
ZOEFMLT, Thih EMTEPADARBEREATH 5,
(2)  L~nlsempb PRI CRHESTHA bAK, BRERERBORIHEML T, #
TR b %0
(3) L ~ur1semAp B L ~n20em T READR D h 72 L-120embh b EFH AL, fhHs
BISEH O B DRI LT %o B ERTRLBHSHIEN S LV OHEZ, Z0HS
PERORID, BELELTEG LB TRAVWI EER LTV 5, T, REEEL
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4 Variation in calculated modal compositions of cumulus minerals in the
diabasic differenciated sill.

TaE LEBHE, BELL, BBTHLRTRDbNIEDTHAS Do
(4) 7 o AR L-L10emEL PR L TEHR En % h, 1sem ETRER ShinW 2 E0d
%o

ER T OEREEEKR Y MR LIcE Y 7 <R D3 L oL 15cm DO THY
COWE Y o LB A LA DA EBRER AL LTEL T e EE L 52 80
T2, COTT DM TFOENBCEAT HHH 5\ IEAR, BERIMET ATk
L, BEOTHCEBBEZIN Lo Z O ZDEET BN, W2bha bARPRE
BOEH L, ZALOEWEHFH LD EROBNETL, HRELT, BERDNL L
5 1o B R PR DR & e S B S Do C DL D e E 2 FEKOEARRK L FAMRT
HDo foT, L OERFEEERCE VT, RNy 7 i IfERBEIRO 5 Hic
MR Tfrbhfc 2 &R T8 %o

5.3 VT 4 TITEROEE

Cr, Ni, Co [ZIMgO& @ IEMBA R L, BKROKER, O LML, TORENET L
T b B2 RIERE Lic L 5 i bt > RZE L & — Vi, gD H 2\ (2EYEF
LW & DREDOTEEDBEEH ( D=C mineral,/ Cliquia ) I LT\ %, Cr, Ni, Co 7t
COBBTRIVTHRE, <70 bR I AEGES I BRI BRE T 5 RN



191

feavRT 4 TATGETH BN, FOSEEEOKRNE, BTLE A4+ VEEROEEDT,
DD b 5 BSE A & OMBEREE T 2, - T, ThOTROEEREE LOELER
NBZER I Y, =T 2O L oEE L BEAHETH I LN TH D B
B2 4 RRTN B L DN A DARRE LREL, Co dbnAbARRORRET Do
Cr 38R, R, ¥7of, /o s A XAV BET D, $1Cu, TiERSKILEET S,
A AR EERIRENLT /b RPIBHENTH LD, ERaaRKC 8T 5 h
SOEM DS AL ~DBIE-ORET % 5 5 A4 EH 5 A ER Lo 85 KIEINi, Cr, Co %
HARE - e = AR EFEHE S
WO A SR L, R 5 e :
BAGTHEALLDTH b0 B o B //
SR L LA E S, HIK y,
KIS D B~ OFEREHE L]
DRBELTHERTE R B
OMBTRA Cr e g L,
Co T 58K EY & -T
WABLLIsemd i, &4
DEEE LichiHd Ni I
S, Crlehsfms 588 %

& Do 7, HBROM UL # 5K Ni—Cr-Co diagram. Numbers 0 and 55 corres—
7. RET AW 0 Cr I E pond to the compositions given in Table 3.

Co

Z, Coltik Z LW A E2D, KEENi e Co HEEATL 5, £0%K, EBEMOM
i H HEEA T D EBT 55, TONI/Cr AR ONI/ CribdhdhE&<mal &
File TNHDHEEL, BB, DADAAZRTOL VTG LT et E2 LR
HORK LT, & FMTHB LW BEEA 2, L-urisembl B T35 e BE Lisd -
12T 5EZ LFMBTH 5o

5.4 A vaAVNRT 4 TIVTEOEE

71, Y EOLILTEEIZRETORPRHEDTE TN W ERE 255 b, Rayleigh
fractionation ZIRE LE-B&L, C;/ Co=FP V- TEILR (F ) oEm, kb
<= OEESLORETE & SR LDOBRE (C ) IREBERC HINT 2, ARG EIRICE
WTh, IRLDA VA VRT 4 TATEHEEFMgO, Cr, Ni, ComEDa V37 1 TNATLHK
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EEVEAEBEERR L, AROEF s onT, BLT, TOBRESEML TV %, Lol
b, B2 LWL X O, ZOEINEREHEF TE R BREIL S — v il
2l ABE, Lr10emif < $ TERAEKRMBBCRELGSEINL, £ 0%, 8RR~
TL, TELL > TR LA 30cmEBL L AT ERBEDKTIHRE S, £ LT, £0OHK,
B 3~ & W B DB EB TN T B Z N DOTROFTABRE L — VD5, LS
n10cmPl FOEERLTOEALE, ZORGTO, ERBOMIMT 52— v & IHIGLT
Who EREMATIIE, ThH LILTREAHE IR IR TN Enb, & Lot
BUWTEBREDHENSD2EEGPRE b s, WHDOLIL TRBEXR—E LD, /ST O
BIRETT 2, 20, ZOEEEARKCEVWTZrRoYDLd A v av AT« TTLHED
RTRE RN — VTP OERIC L 51 v 2 VT 4 TATTRBEEORRE)

% 53 Calculated abundances of Zr and Y from regression curves and the recalculated
compositions (*) on phenocryst- free basis.

No. 1 2 3 4 5 6 7 8 9 10 11
D.(cm) 0 5 10 15 20 25 30 35 40 45 50
Y 15.2 17.6 18.9 19.4 19.4 19.1 18.7 18.3 18.2 18.6 19.5
Yy* 18.6 19.3 19.6 19.6 20.0 19.7 19.4 19.2 19.3 19.9 21.6
r 46.3 52.8 56.3 57.7 57.7 57.0 56.0 55.4 55.5 56.8 59.5
Ir* 56.8 58.0 58.3 58.2 59.5 58.9 58.1 58.2 58.8 60.8 65.9
ppm T T T T T T T T T T T
70 | —
BB LEZ L LNARETH 5o 7r
DX D IeE L RERTHACE LT 60 r 1
BIA3ILIDAL Y avT 4 TATERE 50 b .
Ex, TR THFRA - T 5 ERE ‘0
LT, BFTCORERFE LTAhI, 5
EFZr, YEOLTOHEERTHY, or ]
Y
RTH2o U EDBRIFC &> THIE LT, ol ]
A v avT g TALROBREE( 5 — L
) o L 0 10 20 30 40 50
VL, ST BEORT SN - VIZHENT Height above contact (cm)

X Y Rayleigh fractionation €7/ bl £ 6K Variation diagram showing the diffe-

. N . _ rences between the calculated abundances
FENDHDOEL, WHLHDOREIC L from regression curves (black circles) and

24 YAV AT 4 TATERERERET 71 the recalculated compositions on phenocryst—
N free basis (open circles).



193

B CEE LT 5o Lo 16em LT TNa 00 Al O3 VR TIRER(LS, ZOEZXTHE
<KHBTED®,

55 Ol —Cpx—PIRICLZEE

HZ B bRt sem BEDERM EWHOBBEL A ADAR (O1) —HfhEA (Cpx)
—REA (PL)RE T Ay hLIEORETRTH D, ZOREEWT, ¥iE, ARO THTI
BRONA AR EEAER D, * LT ERTRAEIA DARERRADSHTHHER, V
FROMBEAER AW T Do B E LTAONCEAERNAEA T - TIIHEL
b, b CREAASHET 2O EEROREFERNAEAT - TRE D, B ITH
BEOOREERMEN o122 & 2 ER LTV 5 o 5 8Iid Presnall et al."® i@ X %Diop—
side — Forsterite—Anorthite; A COEHNDELIC & & 7 H liquidus boundary DB EZRL
HRTH Do COHENLE, LVEETTHrADARSBERERY GG L T2/
20, EETELLLENTHADAAERRARBE L, #RE LT, VFROAREE
BHPBRIND BT EDGD 5.

CaMg 51,05

Normative plot
wt.%

CaAl; 5,05 weight  percent Mgp S0y
Pl [o]}

7% Differentiation trends of the diaba— 58 Composite diagram showing changes
sic sill in weight proportions in liquidus boundary lines with
normative olivine : plagioclase : pressure after Presnall et al.®®!
clinopyroxene. Numbers are height
above contact.
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5.6 ZHTDABRT

L EDEEOER, KEGEEEKRAMR LIHE 7 E L LIsem TOMRBTH Y,
D=L VEETCRE LCBREYE 5B L TERLEDR, Zhih THOEHT
B, FOBTOLECHEE Lgwhssl LTERENORThE ) EROEATS
B EN S otie WTFTIRIDL D RTITOBEARINC DWTHR T %o

L~V 15cmTD E AR RORL BB s 32D MgO BIEFREHWZ L TH A, LT
T, COMBABEGE< /2 THHATF T A FOMBEHE L CA (FHIRa',
b D)o ChHDORICEWT, AEREEKY ML 4~ 7 <iE, Komatiitic pyro -
xenite ~Mafic komatiite field & SR &h, 3<F 71 NEHETE 5, HL, BAKTL
IFTA IR LI BE, CORTF YT AREL /<L) Si0, kZ L, TiO,
E U R FE - T\ Do

MgO FeO+Fe;03+TiO;
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# 9K Differentiation trends of the diabasic sill in MgO —CaO—-Al,0, diagram 16)
(a:left ) and Jensen plot'”) (b:right).

B L Tk D& LA TOEMR (85 3% ) % S10,— Alkali Kz 7R Lich
(%10 ), T Irvine & Baragar® @ Subalkaline IR im&h b, £LT, L
A 15em LT DA HAR & BAMEE & 5 BIER LIca MET v h ) Y LT A b, 8
=/ 2 EOERETTCOMMIET DY Y LT A MEBKEDZ 'Y,

BT, KEGEBERKAHR L ET /< Fa=F 74 MR R -, v 71>
LETAHYVLTA MTHY, FOERETTOMBHIET VA )V LT A MERER
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10K Alkali—silica diagram for the diabasic differen—
ciated sill. Solid line ; boundary line between
alkaline and subalkaline rocks after Irvine and
Baragar!®. The dashed boundaries are the area
of different rock series cited from Kuno'®’.
Numbers refer to analyses in Table 3.

tofE = 7 < DAL DO, T OGHAMGBREDWTER L, RKOKHREHE 1.

I OEREESCER AR L@ < 7 =ik, B E LTI nagkgh, A DAAKRUE
LA AT Ha<FTA VEETAH) VL TA M Thb, BHERDLNZEKRABBRZE,
B 4 5V R BRBHC. 20 b e e L CE RS I B A TR L, OSSR, R &
Blleolel ThhAbARCRRAR BEGF LB DEAER L TELILLDTH %o
COE At 2 BEBHALET T, FER VAT 4 TVROA v avT o TAHETLHR

DEBHE B BT B, T, BAPOA Y IV AT 4 TATERBERA vav/iT 1 7TV
FhPBEAL ST VHOGEYWPERT A LRI VET L, LOBEREEERRMET IV
DUV LTA MBI Y 7 VT ABEDD BT LR LI T,

ARG 1 b, I BIHEET 72 o o FALKFRE BN, REES ek, PIAMBLELR DO
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# 1% List of analysed rocks.

No.  Specimen No.

Plutonic body

Rock name

Zone I.
1.

N oY OB N

Zone II.
8.

10.
11.
12.
13.

Zone III
14.
15.

16.

17.

Zone IV.
18.

19.
20.

21.

Zone V.
22.

23.

24.

25.

Zone VI.
26.

27.

28.
29.

72080107
75082204
72080102
72080403
72080208
72102702
72082002
83082502
83082510

83082605A
72102601
72080406
72080305

75082304
71092906

71092809

83082407

71060709

71K338"
71K339

71K343

83111903

83111901

70080708

65081703

83071105

83072701

83072707
67090103

Oura
Omoe
Gura
Taro
Omoe
Omoe
Omoe
Tanohata

Tanohata

Tanohata
Miyako
Miyako
Miyako

Sakainokami
Okubo
Nosouke

Numabukuro

Himekami

Hinomiko
Hinomiko

Hinomiko

Tono
Tono
Tono

Hitokabe

Tabashine
Orikabe

Tabashine
Hirota

0livine-clinopyroxene-hornblende gabbro
Hornblende gabbro

Hornblende-quartz gabbro
Hornblende-biotite granodiorite
Hornblende-biotite granodiorite
Hornblende-biotite granodiorite
Hornblende granodiorite porphyry

Phlogopite-and spinel bearing hornblende
-cTinopyroxene-olivine gabbro

Phlogopite bearing spinel-olivine-hornblende
gabbro

Biotite bearing hornblende gabbro
Hornblende-biotite tonalite
Biotite-hornblende granodiorite
Hornblende-biotite granodiorite

Clinopyroxene-hornblende aabbro

Phlogopite bearing olivine-hornblende
-orthopyroxene-clinopyroxene aabbro

Orthopyroxene-hornblende-clinopyroxene
-biotite-quartz diorite

Biotite and clinopyroxene bearing cummingtoni-
te-hornblende-quartz gabbro

Orthopyroxene-olivine-clinopyroxene-biotite
monzogabbro

01ivine-clinopyroxene-biotite monzogabbro

Clinopyroxene-orthopyroxene-biotite
monzogabbro

Hornblende-biotite granodiorite

Phlogopite bearing spinel-orthopyroxene
plagioclase-hornblende peridotite

Phlogopite bearing olivine-hornblende
-clinopyroxene gabbro

Clinopyroxene bearing hornblende-biotite
tonalite

Biotite-hornblende tonalite

0livine bearing biotite-clinopyroxene
-hornblende gabbro

Biotite-orthopyroxene-clinopyroxene-olivine
-hornblende gabbro

Clinopyroxene-hornblende gabbro
Clinopyroxene-hornblende-biotite granodiorite
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CBIOAEEARS ST, T, T, V, VELIOUSES#H S (F 1K), IHREE b Va,
VIb 233 HbnTw5Y o SEEZNHDOEALSWT, £ETHEANVERLEDT, £
B hT & e T RAHME TS & e BRI S oW 2170, 1 ~ VIR OB B OHER{L
S, X Db I ROBE A b A LB AR E LT

§ 2. AFHEMOBRENLH

Jb B DR A BER L AR 2 S TIERIIRE 7 L b —F VR R ET B,
DEDFANE~HREE LS LB TH S T, NEDOERKIEIH ) RO ELE
v =g, EVVPRE, EVVRANCERHESEWOELWERSEDH L, ThDDIRAR
WEBEIRBERT E DRAERT B, HHVEIERIESE ~ b —FVEBRcERsn T
bo TNHLDIFANVER EFEEY I TIERIRE~ b —F/VE & B RIRC BIEDN H % 0B
DIEELRANRETH S LTI THENT, FHERC T~ 4 FBAHEY, TRS EHMERST D
ERET ol HARIE I RCFTED T, ThrbB bk S M LIcBA DI

2 2% Mineral compositions of some analysed gabbroic rocks.

Sp.No. 01.(Fo %) Cpx.(mg-value) Opx.(En %) Amph.(mg-value) P1.(An %)

Zone I

72080107 74-75 0.88-0.91 - 0.73-0.86 96-99

72080102 - - - 0.57 n.d.

Zone 11

83082502 64-65 0.81-0.82 - 0.71-0.74 92-93

83082510 55-61 - - 0.63-0.70 92-98

Zone III

75082304 - 0.74-0.84 - 0.59-0.67 38-61

71092906 74-77 0.72-0.80 €9-71 0.64-0.69 78-85

Zone 1V

71060709 61-63 0.71-0.74 67-70 - 48-53

Zone V

83111903 74-75 - 76-77 0.73-0.79 88-92

83111901 64-65 0.73-0.78 - 0.63-0.67 85-91

Zone VI

83071105 74-75 0.69-0.85 - 0.52-0.68 53-91
0.45-0.70*

83072701 57-59 0.66-0.75 64-66 {O 16-0. 30%* 62-80

* Inclusion within clinopyroxene. ** Interstitial crystal.
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LT BT bl - T B o EHFEE DN S AN CERO—ICERBIHHY 7V A
MHI D, MgO 30 BIRET B HY T VEL AL %o FIc8f 2RISBISH LAl
s ch SR Y & B O EPMA 44T e X 28 REE 2R Lice ZORRMLI LA
FAE, hY S VEOSEKIIFoTT-55T, Felk isbDTHY , ff 4 DRk T O BLEHH

@ﬁvoﬁv7yak%ﬁ?6ﬂﬁaum,N,W%@%@%%<&Anmﬁm&mf%0,

L ORI T NTANAEEZECHE LT %o TOLIRAN RS CEALFRA SN
VS YR OMAEEE Lesser Antilles” % Peninsular ranges® DIEREH L HAFT DR AN
ST B D b DERLTHD. I, NELIOVIHORANWERTHY 7V ALEETS
BEREIMD Ab KSR EAT VS, H5VEIKVEREEY b - T, ol DOdA

# 33 Major and trace element analyses of the Cretaceous plutonic rocks from

the Kitakami Mountains, northeastern Japan.

Z one I Z o n e II Zone III
1 2 3 4 5 6 7 8 9 10 " 12 13 14 15
wt.%
Si0s 42.98 46.94 50.32 68.01 70.81 69.11 74.28 44.76 38.48 42.83 61.93 65.32 67.44 46.95 46.03
Ti0, 0.22 1.17 1.07 0.60 0.43 0.50 0.54 0.35 0.75 1.18 0.66 0.66 0.42 1.06 0.69
A]203 21.39 17.21 18.07 15.23 15.07 15.57 13.25 18.07 22.41 18.15 17.16 16.86 17.07 11.65 16.10
Fezo3 1.5 1.76 3.13 1.38 0.85 1.10 1.05 1.38 5.95 4.85 2.58 2.02 1.39 2.95 4.21
Fe0 4.84 7.65 6.16 2.32 1.89 2.17 0.79 5.70 8.70 8.62 3.53 1.95 1.20 7.27 6.72
Mn0 0.10 0.20 0.15 0.10 0.07 0.09 0.04 0.12 0.16 0.23 0.12 0.07 0.05 0.20 0.19
Mg0 10.42 8.20 5.43 1.26 0.93 1.04 0.52 10.55 8.92 6.75 2.76 1.64 0.90 10.88 9.68
Ca0 14.37 11.28 10.56 3.04 2.82 3.54 1.43 16.07 12.45 12.38 5.48 4.41 3.89 13.35 14.47
Na,0 0.88 2.12 2.22 3.82 3.97 4.02 4.37 0.74 0.7V 1.69 3.05 4.05 4.91 1.83 0.8
K,0 0.09 1.12 0.71 2.90 2.59 2.26 3.21 0.30 0.07 0.82 2.11 2.14 1.76 0.59 0.14
H,0+ 2.65 1.75 1.52 1.04 0.70 0.58 0.45 1.11 1.56 2.09 0.91 0.65 0.68 2.74 0.80
H,0- 0.09 0.08 0.06 0.13 0.05 0.03 0.18 0.14 0.12 0.15 0.08 0.09 0.09 0.21 0.05
P,0g 0.04 0.19 0.34 0.25 0.23 0.21 0.12 0.08 0.06 0.18 0.21 0.21 0.17 0.23 0.06
Total 99.63 99.67 99.74 100.08 100.41 100.22 100.23  99.37 100.34 99.92 100.58 100.07 99.97  99.91 99.96
mg-value 0.747 0.608 0.517 0.383 0.381 0.365 0.344 0.727 0.528 0.476 0.454 0.435 0.393 0.657 0.617
ppm
Ba 265 275 621 738 545 1259 296 470 369 268
Ce 0.4 13.1 15.8 40.8 51.4 40.7 40.4 5.8 1.6 14.8 32.6 36.8 31.7 25.8 1.1
Co 57.1 39.3 29.0 7.8 5.3 5.6 3.5 39.3 62.9 51.9 17.1 10.6 5.7 47.2 43.6
Cr 138 31 1 2 3 1 232 1 6 2 2 201 13
Cs 1.59 1.51 3.10 1.22 0.36 0.18 0.82 0.56 2.10 1.88 1.58 0.30
F 12 296 229 392 389 360 425 362 n 486 480 422 487 395 m
Nb 0.7 4.2 3.6 10.0 12.6 10.1 11.6 1.0 3.0 8.0 6.9 5.0 5.1 1.5
Ni 80 18 13 6 14 16 10 4
Rb 1.0 42.0 16.7 64.6 65.9 50.7 62.4 5.9 2.6 19.2 65.7 51.7 38.2 9.1 2.5
Sc 17.7  38.9 29.1 7.3 12.6 9.8 9.5 27.1 12.2 244 12.9 8.2 6.5 45.2  24.7
Sr 219 294 326 296 226 247 172 507 554 661 455 759 907 434 469
v 179 228 80 44 89 59 121 368 412 101 41 32 354 383
Y 2.1 20.0 6.5 21.9 29.0 24.7 32.0 6.4 1.7 13.5  16.1 8.6 6.2 21.8 8.5
In 40 73 74 51 74 38 102 65 61 51 81
Ir 3.2 61.2 39.7 163 159 158 172 16.2 6.0 31.2 111 102 116 47.7 9.9
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NWESE SRR TS, BREA R IOANAEOERE I LT, fFEROE IR
BV BANGEEDOARAXY c VIR~ A=A AEETHHH, TEREPEE~ b
—FNEFOLDIFAITZ LWk TL Y NTH Do

§ 3. BROSHARESHHER

FERSBALHT SOV TEBRS TR LY EE Lic, BERS D> HBa, Ce, Co, Nb,
Rb, Sc, St, Y, Zn BLOZr i DWW T HRAL K IR F B SRR OB T 71 F v o
ZFML, 30MeVInEET %AW TERETHEIMESTEC LD EE Lico —E OB 2W
TFCr, Ni bRFETERE Lo CrTROVWTIREBEREE, FNi, VOV TIHEEE

B3k (F &)
Zone III Zone IV Zone V Zone VI
16 17 18 19 20 21 22 23 24 25 26 37 28 29
wt.%
Si0€\ 54.64 44.46 49.03 53.04 51.21 64.40 39.12 43.53 56.52 60.66 40.27 45.65 42.50 60.60
T1’02 0.82 0.79 0.95 0.92 0.98 0.43 0.28 0.78 1.11 0.54 2,21 1.21 1.84 0.73
A]ZO3 16.85 20.62 12.69 16.64 16.44 15.42 5.76 18.49 17.71 17.63 15.72 18.06 14.28 15.62
Fe,05 2.49 4.83 3.76  2.22 2.7 2.21 3.19 4.06 1.84 2.49 2.72 3.58 3.24 2.62
Fe0 5.58  6.95 7.31 6.65 6.83 2.32 14.79 7.4 5.48 3.87 10.06 7.73 11.22 4.18
Mn0 0.16 0.24 0.21  0.20 0.18 0.12 0.28 0.17 0.13 0.14 0.18 0.20 0.18 0.11
Mg0 5.01 5.76 9.55 4.87 4.3¢ 1.84 29.67 9.35 3.92 2.51 8.09 7.03 7.13 3.03
Ca0 8.81 12.24 11.32 7.06 9.88 4.77 4.04 14.38 7.09 5.56 13.00 12.55 13.83 5.72
Na,0 2.85 1.45 2.23 2.73 3.28 3.69 0.54 0.70 3.25 3.81 1.77 2.13  1.32  3.10
K,0 1.61 0.28 1.74 4.05 2.38 3.69 0.16° 0.09 1.8 1.79 1.28 0.29 1.55 3.17
Ho0+ 0.80 2.13 0.65 0.84 1.01 0.62 2.34  0.69 0.98 0.82 3.57 1.32 2.52 0.79
H,0- 0.04 0.16 0.13 0.11 0.18 0.10 0.16 0.03 0.05 0.02 0.16 0.12 0.07 0.05
P50 0.20 0.25 0.62 0.66 0.53 0.21 0.04 0.07 0.22 0.16 0.82 0.36 0.37 0.17
Total 99.86 100.16 100.19 99.99 99.95 99.82 100.37 99.70 100.16 100.00  99.85 100.23 100.05 99.89

mg-value 0.528 0.471 0.610 0.495 0.450 0.425 0.747 0.597 0.490 0.418 0.532 0.529 0.470 0.448

ppm

Ba 380 486 731 603 746 580 27 334 600 526
Ce 43.0 17.2 43.3 50.9 52.8 47.8 41.0 18.5 27.3 5.4 18.5 36.9
Co 28.9  30.5 45.3  28.3 30.9 9.2 23.0 15.4 48.2 42.7 56.5 18.4
Cr 22 8 228 84 57 22 191 9 5 2 8 29 13 27
Cs 1.87 0.38 1.19 0.83 2.40 2.26 3.44  2.76 1.19  1.02 3.08 3.47
F 488 301 586 658 754 389 109 101 486 304 1671 295 270 576
Nb 7.5 4.5 3.6 4.4 9.5 10.7 8.1 4.7 6.3 0.9 1.2 7.0
Ni 46 24 9

Rb 47.3 6.0 39.2  71.7  69.7 103 68.4 52.1 26.7 2.5 39.8 98.8
Sc 16.5 29.4 26.4  16.5 29.3 8.2 20.2  12.7 34.8 27.0 42.6 16.9
Sr 436 460 1220 930 858 952 500 563 857 1046 841 454

v 228 241 334 165 184 95 178 83 438 316 503 162

Y 19.7 18.2 22.7 2V.7 26.2 6.7 22.6 14.3 31.6 14.5 18.6 19.6
In 100 82 49 95 87 50 83 64 102 86 56

Zr 136 15.8 47.1  37.3 142 114 203 93.8 47.8 13.2  38.2 139
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B Bz Si0, I LTK, 018 & #5o VI OEHE S ® S THIIV A% To Ba, Cs, Nb,
Rb fe DA v a v T4 TATRGK, 0 EMBEZRYT (3K Do ZTI2OWTIRIVAE B
QPR VAETH BN, NEDZr DARP LMK, 0 ELZrRZ LWAER 72 v b
XNB, St BAEET 18 172~326ppm (¥ 254ppm ), I# 4565~907ppm ([ 641ppm ),
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o : i Zone VI
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°
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F2XK K,O0-major oxides variation diagram. Open symbols: gabbro and peridotite,
Solid symbols : quartz diorite~ granodiorite.
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FIX K,O~ incompatible trace element variation diagram. Symbols are the same
as those in Fig. 2.

M 434~469ppm ([ 450ppm ), IVHr 858~1220ppm (& 990ppm ), V#Hr 500~563ppm (&
532ppm ), VIH 454~1046ppm ([@800ppm) & BHHL ALY , HOPTHIIIFT—ETK,0
HBHNESIO,DEMIT L > ThHE HE Ligh o IFDOLTR CEAEREZRT (F4R )
JE RO AE DK, Rb, STICDWT R 300 ELL EDOFEHE DL THHE « &8I L
S THEINTEDY, ML EFERbFHEML, Sr FHFOEAETRT I ENMON T 5o
oo, HEFE, B, TS OKEEHTIK,0, Rb, St &4E, K/Rb B L TR
HEELIRDON TS, STBT 2HEFOMETE, Sbs L IRBIEAREZTRTHOD,
TOREFPEL, BE—BEHIHETIELTES, T LT, SEHOEREAKEEFHEDOE
FRCHBELH D, 1HOST A BIES, VHEDOZAEEWZ LHREN TV %, K/Rb
i T8 2 D IV » Th TR bIEIMER DA b o SEIORER TRRER A1
DB EEE DD VD TV H Y FANWVERIMBOR DA W SR H~TRD,
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Ba, K, Ce, St, PRIV FIZ & 150 N
Fo, LA AR U, TERPIRHE \
~ h—F D Ce, Y, Nb, Zn, zr 1000 .
GERBIA—-ANIVTOIL 2471
MAEEDO TN E—H LT3,
BBLRCOVWTHBE, Sc, VE 500
XU Coid ZFeO & TiO,DEFNTIES,
I, I, M#HDIFANVETIK,O X
(3Si0, LOBIFEC—HIML, £ D%
BHREYT 5, Thid, Thbom

DEANNETIIMgOD % &1 H4R K,0-Sr variation diagram.
Symbols are the same as those in Fig. 2.
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P, MgODM0B UL TR D &R

2001

V2967

100}

By LT 30ppm LA T2 2% 0 5
(F5H)o HL, NHEDT LA
#5K MgO-Cr variation diagram.
DT A NWEE T DRI A Symbols are the same as those in Fig. 2.
TR OBRENRPCVER, 3ITHE
SECELT 5o TOZ L Cr-KO0 OBFTIRLTHY (F6R D, ViR h

o 7 MgOCk)

TEK,0 0.6 ZLTFOZANVECREL, TORBBFT-EOELTTH, NHDOEALTH
K,ODBMErEy s, BIFEHRICELT 5, 1, T, TRELUVHEDRANEFTMgO &
Lhborit, LELIEAERANREETLOT, ZOFRE VAT TEECREENLD
DEEZBND, ZHhEX LTNHOBEFHEFMELDOSFIC I DS DE VL S0 NIL2WT
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86K K, O-compatible trace element variation diagram. Symbols are the
same as those in Fig. 2.
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db Bl BEfCRBCE B B L THIRL IR LIcER, ThETom eshTuic
~VIHEOHHIMBERS T S H 0N TE b, MEHBR, RESAEORE, FILFR
SEEEDN PRI AR B ARG 7 7 < OABER R S RET 5 EE 2 TIvy, Sr
EHER, FANVCELDIEHEIEELZB L THE VERY T, ThThOWTERIF—ELT
Who Tl I TR LESIVHETRLE V. VHEDEAIMOTDOLDEHE LTEHI
1A E L TW\5B, 7B, Rb, Ba, K, Ce, Sr, PRIV FHREDS vav 3T 4 T
THELEL, —HTERUA V2V RT 4 T Zr DADK - Z1 BFHFETERHMOE» Hi
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JIE < 8« KL - ARSE LR T 25013, FCBEAGROMBBURIERE TH 5. )l
~HREBEEL, BRAOEREE FLIEEREN DR SL, ThLDEADEMEARHEY
1 RIR Lo

* AT, [B8LPSY47EREEEEVIER, TREAENDEE LTCAHVWONES, TO5EE
OEEEICOVTE, XEk6, 7) 2BRBIQ,
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Table 1. Constituent minerals of the Ohmine granitic rocks.

pl or qz cpx opx ho bi ms|po py cp aspy il rt|cd sill gar sp co
ph gm ph gm ph gm
I_typeDorogawa-H--l———i——+1r+++—+-I——|—~+———-———
Shirakura -+ + + + + + — + + + + + + + —-- - - = =
Kose ++ +H ++H+ + - - -+ + |+ ++ - + ++ - - ==
Asahi H o+ HHH - - -+ |- == + ++ - = = ==
* S-type|Tenguyama| + + ++H+H+ — - — + +|— - — + + +|+ + — + +
Shiratani ++ +H+++++++ - + - ++/+-1r - + -+ + + + +
Katago - +++H++H+H+++ - - -+ 4+ -=-—- + ++ - - - ==
Mukuro

pl stands for plagioclase, or : orthoclase, qz : quartz, cpx : clinopyroxene, opx :
orthopyroxene, ho : hornblende, bi : biotite, ms : muscovite, po : pyrrhotite, py:
pyrite, cp: chalcopyrite, aspy: arsenopyrite, il: ilmenite, rt: rutile, cd:
cordierite, sill : sillimanite, andalusite and fibrolite, gar : garnet, sp : green
spinel, co: corundum , ph: phenocryst, gm: groundmass, ++: abundant, +:
present, r : rare, —: absent.

JIA8 < 18« REL « FI~REEEITEHECZ L, X DBREAOESESY (BE
R+8RE D) DE— N2 11.2~22%Thb, —J7, BREEKTE, SHELIRDLHh, #
B HQBIMET - F21.7%) THECHERE - ERABISHESO L {FET HB0RTER
BEhDEBAG (EHET - F3.2%) THUSEHDO DT DRELARVERIERS £ TELT
bo COBELITEHBH TS, SWHAEDEIGEWZIADR,

KES 21 FIEREE, SEGYERT 2EAROEMAAEDY B X UMK X AR
BAabhiv, $ho, ThDLDOEEFEFEHER S LD Ol Lotz R e, Thbo
EEYRLEHAEMCEUARTERETREL, kK& 1 21 7TEREBEE L LB LICONE 2
ETHb, METIE, SWRAEHE « &2AFE(LFEARK - Sr RAfikltbofiic, O » SFEAL
R L OELFERB N KE K RILDDHG 5o

N8 « KL« BEEREIE, ALSIOs @ ¥o/nfis a—F 154 MEDT L3
FREGHEMD, LB TE IRV D bR, Zhbid, MEaE, REOHEA
EEBLOI 24 7IEMEBEEGCZIRD bRtV DT I FREUGHYDO—IRIL, T
20km * 700°C D&M TREMBEEO MG BRC L D KES 21 7IERaE <7 <4 Lk
BOBEMRELELOND T, COHBHBIELEZ DN TNV FRELEW S v 5 M,
BEER LR T 5 Si0, Z LW ERSE (ST1, ST2, ST3)RKDALARBD BN S,
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Table 2. Characteristic features of the Ohmine I-and S-type granitic

rocks.
I - type S - type

Dorogawa Shirakura Shiratani
K-Ar age(Ma) 11.6-12.1 14.2 14.7-15.6
Hor M hornblende hornblende muscovite
A/ CNK 0.83 -1.03 0.94-0.96 1.03-1.21
8Sr/%Sr 1o 0.7051 - 0.7058  0.7049 0.7083 - 0.7086
80/ 10 (%0) 72-17.6 7.4 105 -11.2
S/ %S (o) —3.6 —2.7 —16.2
B3C/ 2C (%) —16.6 —15.8 -
biotite Al poor Al poor Al rich
pyrrhotite Ni detectable Ni undetectable Ni undetectable
S ( ppm) 138 11 1338
CO, Cppm ) 280 80 1530
Ni C(ppm ) 19-46 2-4 3-10

A/CNK, mole Al,0,/(CaO+ Na,0+K,0).

§ 3. ME(LFEHERK

FE AT, BREESEC L DERLL'Y Ba+Ce+Co+Cr+Cs +Nbe+Ni s
Rb*Sc*Sr+ Y « Zr BEIAZFFLEFEHRBOBRT 71 F» 7 %FIBL, 30MeV
IEE T BT, BETHRESFE L D@8 Ll ¥, Ni 31 V7L —F
N X B EBEE LRSI EE T X ), FidA 4 vEBRE YL ORI, —HDCo .
Crid, UIPREEEMmCE TR FRAERE 0", —8DRb » St (dMILKEE R R
CBWCHERSEHC X DER Sh 'Y,

KB FREMESH, FRIOREERCE AN OFBCHWHERRNL, 30BHE R 2
FYUVARKE LABEROPEHI NS CERTE S Ve, BRERSW 2177 - 0 & F—
WRRB DA bR, —F, RFREER L OERSIEEC L 550 ok seT
AN LB OLRIER D LHFIIELNI D TH b,

FEFHEEBE X 0B OISR RE P E AR &£ & b 3RORT, AEE
RISBHWBEIC L DBONISHEL P Lo JB—1 25 H LB ADBa + Cs » Sc
DR EZ21~31% THLDER L, OTLEHEDZNiZ6 BUTTH5',
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Table 3. Chemical analyses of the Ohmine S-type granitic rocks.

K1 T2 ST1 ST2 ST3 ST4 ST8 ST10 KMl
(wt %)
Si0, 72.71 75.79 68.97 69.84 70.48 T71.05 74.61 75.98 73.59
TiO, 0.16 0.12 0.38 0.44 0.34 0.35 0.16 0.12 0.23
Al,054 14.18 13.25 15.73 14.45 14.13 14.26 13.54 13.30 13.48
Fe,04 0.62 0.22 0.52 0.83 - 0.50 0.40 0.21 0.27 0.46
FeO 1.91 0.89 3.15 3.38 2.86 2.94 1.20 0.85 1.77
MnO 0.05 0.04 0.06 0.08 0.05 0.03 0.03 0.02 0.05
MgO 0.45 0.14 0.96 1.11 1.20 0.92 0.22 0.20 0.33
CaO 1.34 0.45 1.94 2.83 2.32 1.75 0.82 0.92 1.27
Na,O 3.28 3.20 3.66 3.39 3.38 3.43 2.95 3.11 3.14
K,O 4.18 5.00 3.22 2.33 3.66 3.54 5.41 4.55 4.11
H,0* 0.75 0.86 0.86 0.46 0.66 0.79 0.55 0.43 0.93
H,O0~ 0.22 0.25 0.22 0.38 0.11 0.25 0.20 0.19 0.26
P,05 0.20 0.03 0.19 0.10 0.10 0.04 0.03 0.03 0.03
Total 100.05 100.24 99.86  99.62 99.79 99.75 99.93 99.97 99.65
(ppm)
Ba 430 230 450 610 630 570 730 680 460
Ce 31 18 46 65 45 59 38 40 32
Co 3 2 5 6 7 5 1 2 2
Cr 9 tr 19 18 32 22 15 7 9
Cs 14 10 8 7 8 6 6 7 3
Nb 8 8 9 14 11 10 8 8 10
Ni 6 tr 8 4 13 14 4 2 3
Nit 9 3 7 6 9 10 4 3 7
Ni? na na na na 10 na na na na
Rb 207 227 142 112 142 137 182 202 179
Rb? na na na na 141.3 na 159.4 na na
Sc 3 3 13 11 10 9 5 2 7
Sr 102 22 146 152 141 142 77 80 129
Sr? na na na na 143.4 na 80.4 na na
Y 24 28 32 41 31 43 38 35 32
A 94 63 230 314 247 292 126 105 130
FY 1074 1164 1216 1042 1077 891 962 729 1121

U colorimetry analysis, 2} atomic absorption analysis

) mass spectrometry analysis,

na : not analyzed; tr: trace.

K 1: biotite granite, 5km SE of Kitazumi, Kose mass ;
T2: biotite granite, 5km ENE of Ochihara, Tenguyama
biotite granite, 7km WSW of Ikehara, Shiratani
biotite granite, 7km WSW of Ikehara, Shiratani
biotite granite, 7km WSW of Ikehara, Shiratani

ST1:
ST2:
ST3:
ST4:
STS8:

ST10:biotite granite, 5 km SW of Ikehara,
KM1: granite porphyry, 12km WSW of Ikehara,

biotite granite, 7.5 km WSW of Ikehara,

biotite granite, 6 km WNW of Ikehara, Shiratani

4) jon-electrode analysis;

mass
mass
mass
mass

Shiratani mass ;

mass

Shiratani mass ;
Katago-Mukuro mass.
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BRALFE RN A | BICR Lo Bl IIEKICTTE Lo SiOwt %03, #Efni
FERS (ppm ) BiE bhic, & D Si0, wt M T 51 >N T, Ce » Co » Cr -
Sc ¢ St Zr XA, Nb o Ni BRI 50 L, RbiZ¥EINT 5, h LoELS
MUY, AT EFARERRTC, b bhiliE EOBERT, CoZ &, kES £
1 7IERE D A—RE < /< hbaR L&V 5B 2 HRH LT 5,

(ppm) (ppm)
0l ° o Ce 1 Rb o
19 ° o o° © 200; ° °
20' : 0©°
104 co 1507 5 o o
5{ o 00 o ]
1 T T lol olo I@l T ol T T T T T T
;8- [e] o Cr ?O- o 00 IS Sc
- ol Ol T lol Olo |Ql O- T T lo |o| olo lgr
204 R
104 o %0 o o 00[\3&? 1505 Oooo ) Sr
101 o, o’oO olorojgr ? o ©
50
AOO: o . Zr : .
2004 © o 70 75
_ 5 %0 o Si0 Wl
o
7|O o 7I5 o
Si02 wt %

Fig. 1. SiO,-trace element variation diagram.

124 7@ 5081t EDEEFBEMARIL, Si0, 0Bz L <, ANEIER
BHIHTEAEWY ) COBREOSEFEEARIE, AU 21 7B T 2RI EEE
E0d, TLAKES &1 F7IEREOHREDERCT . L Lich b, AATEREDOH
BRI SRS TTERED T E R i T2 &, AATERED Cr »Ce «Ni *Rb «
Sc«Zr HOTLHKIL, S &AM FMEEDENLORREMEROLRE EOBREH XT, W
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M S, K& 24 JTEREEE LS &2 1 T E & TR 5 2 EHTE %,

KT BIC BT, BACKZEFEFRRIRE L AT BT « PiATIZRK, Hibk
A sa kay R v Y4 — BEREE - 1USpEld, Rk Sk R R R L BT R
BRI LOMFEE LN - T e i o, MILKFHRF PR EHRE L X O IR
Hb AR LY, RAESHHEDS A2 Shic. XE RIS Hic D, FILRFEHE
S TET, BEE, PRAEOKKE X OHILKFHELA)IE SO 2157,
BAED T # i # L L o
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BICXBE—LE7 FPOF

7

i,

AN

S8 W - AEFIZE EHEER

BTV =7y VC3EREDEFND € — ARARIC A v b2 Y A —Z —HHFELTE,
ChODTRETHIL SN BT - AL TR DL E - L4 7 MHRRET D,

IR SHABOET Y =7 v 71, BRTXNVF - 4GeV, FHEHA 1002A % F 5
LTwbo ZOEIREMIFNF-BTIL > TRETHREFOREBRL, BEDORY o
MOBIRD CAPOLORMER LIS TR AREE L HE L O CRBICHAT %,
X, CORDOEBER BB DI DICHAED 300MeV BEF V=7 v JIEEVT, AU v b
HOZT DR EDBERBLTWE0EHEL, 5847 MEOFFHRED L ST RED

T Do

§ 2. B H K

| 300 I
|
Fla;\’lge . siit
SUS dg7~-__ Cu
.|
5 €T c e
|§g’t" 50~-300 t
¢185

%IPZ] 2 v l\%:{k[zlo

HFE—2DA) v MHREBGANAT—F v r 7 -OFEBRBELAY v VEHRHD 7
5 v U DRE LRI OWTHAT 5,
BT ANF IR S NETRAY v MCAST S L HIERES & AL L ) EBcET
EHXFELEINT 5, ChODOBRBTHELR SLEFIEAY v b2BBLEE, 20BFTH S
Ty VBB FITIAINANF R, TORKRT S VIUDRENEAT S, 22Tk
AV POMERM, 77 VVOMBETNAI=ZYULLATYUAMEL, AY v MEERR
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AL TWALEET S, AU v "OELZEE 2K (50~300mm) D7 7V YOREEAD
EELEFTRLF—N220MeV D& E 1~ 4 GeVOFHAR2WTEE L1
EROHAT =K e v vy 7 —OBEH EFRBC OV THRCHEBT 5, £THATIROE
BEFRL TV Do
T (E, t ) dE e BEt CE~E+dED T3 V¥ —DBEFEK
T CE, t ) dE e Bt TE~E+dEDTRLF—DHTE
(TR t IBEHRYEMLETS)
HAT =K e v e 7 —DBERMITNOERETSHZ LR E D, & 2 Tl Carlson &
Oppenheimer i & A IEB AR Y # AV HERED o
WXt Tz CE,t)AE, 7 CE, t )dE'ORBICHHEF, RO dt EOHICE~E+AE
THLETF LT OROEIRDOERTEDE D,
(1) EFFEOEA
O E(SE)DXTHNAEL 2 Y7 b VR B L TE~E+dEDETRIELHER,
LMY ¢, (B, E) L35 LETROE I

dEdfj; r(E, t) ¢, (E,E)IE’

@ WEFOBEFLEREL, Tx V¥ —HRE(SCE)DBTFNE~E+AEC b, T4l
BIEHC LD T AN F -2 RS TE~E+JERC e 588, TOMX%Y ¢ (E,E) &
5L

dBdt[ =(E, 1), (E, EYAE’
E

® 4$HEH, HECLIVE~E+IEOBEBFRIAAF-% KO MB, TOHEEXY
p,(E) D&
—z(E,t)p,(E)dEdL
Rl
2) XFHEOEA
© E' (CE)DBFOHBESHC LW E~E+IEDOKTIMELN LB, T DR %
¢, (EVE)&¥hE

dEdsz n(E t) ¢, (E,E)dE
E
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@ E(CEYXAFRav T V/HHRT, E~E+dEORFR KL BE, FOHRS
¢, (EE)£45H&,

dEdt[ 7(ELE) g, (E',E)dE’
E

® E~E+dEDXFTHREIE, 2V 7 vBIRTI R VF 2K 5 BR, TOHRE
w,(E) &9 &
—7(E,t)p,(E)AEdL
BEMRbLROBBEHBRANESND,

_ﬁnii,” z_”(E:”ﬂI(E)+fmr(Eﬂt)¢m(ECE)dE’
i E
+ [ wCE, 1) 6, (B E)AE’ (1)
E
or(E, t) _ - , ,
o= r(E,t>u,<E)+fE (B, t) ¢, (E* E)dE

+f r(E, t)¢,, (E,E)JE (2)
E

a(E,t), r(E,t) ZRDBIE, ZOEIMHHBRAMINEI Vo ThE@EL 1
DIEROFRE T %, 2V T VHREBMREC IO X LF —BEAYER TS, 0L &
DEDNRIMRIL, TX ¥ -D+5Ed L hbORRYE R L TRERICE R0 &
W 7 5 T B0 —HZDHBRNDEHI AT —F « v 0 7 DR DIZRD Bl

KENAT =K o vy U—DIERYEONTHBEHAT 5.5 —RBETHTILF -5
Wi, HIENERST S RBIESIC LD Y v 7 - DIER 0, BTOWEPTOLERIC LD
BOLOLPEe 2T, ZCTREEMEC L DDA —Fe v v 7 —3HEH 5 T &%
2 5o

TANF-EOBTHWED R dt ELRICSERIC X - TEN 5 AED 2 T F8 <62 >

<02 >= (%)2& (E,=21MeV)

THExbh5,
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A= K ey T —DBE, SEEIEIC X DIEN N DO >, 1T
E 2
< 2>, = 0.55 (—ES—) (3)

BEHh 57

EEROFERICIL, 77 AGHREEL T2 0 DS RD, =X v¥-JL17
5y IHFADY v T — DN 0 OBELFE LI, v+ 7 - DA DOV TEAY v b
E X ARG E LA WS ac i, SEHEOBRRLE S & LI EECHVITEIC 7 5 1Y,
SEF EROBEBERERAWTHE L1,

St ~xBIT2(E, t)dE, 7(E, t)dE, FL Ty +7—DIRN<?>,, & Zhh bk
ETELN Y ASMHBERTH %o
ITAIVE—E,OBFMNIMEAY v NCAH LI, 2y FOESZ , £45HEAY v b
®HTOERT OMEEIL

Eqy
N,[=j; 2(E, t,)dE

Lirhe CRBEDHET T Y IHANRATH L ETORL, QRTHETLZ ENTE Do
21 9 MEFHOBFOHME LT, HyASHf(0) (BHEALLTHD )X

fCe)= ! e
2mo
PRETIUT <O >,y = 02 25 7 5V VHA 0, ~ATRSEF OMRIE, BFOIR/LF D
E Dk '
__ 6§

1
F(6,)d=——""—"¢ 26>.db,

A 2 77-'<02>av

LD <O>EHOLMNC EOBRTHLh LUK (E) >y LB LT 5o
b~ O+ AT 5 7 7 v VR BBT HETFTHNIT

Ey
N= dﬁJ (8 z(E, to) dE
0

0%

2 1
'—’dﬁgfo - 2<0Z(E)>”7r(E,z‘0)dE
0 4/2775<02(E)>av
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TEzbBh, Thhb7 7Y VORELANGFETE S,

Rossi i3(1), QX% Tz(E, t), r(E, t)DRBMLHEZSF 2T 5," ThHIZE
COWTHFBCB OB THLDOT, REET2(E, t), 7(E, t)) ko, UTOF
BiRfil Lo

B I MeVE ER o (E, 1) #RD, THICHER f(6,)dg,#ELTOMBE, T TOME
&l

HAHEABRCT LD 7 I VIRCEI AR FO LA AF —BRIFEFO T R F LK
LTRIF—BERELTIIVVOMBRT VI = LDOBRIT2(MeVemYg) , AF VL A
MO AL 1.8 (MeVemYg) D T XV F —#8% L L, COEREMBOEEL 77 v VD
Ex36cmrhrdhnil, 75 v ok xrF¥F—EBRIT |

4E, = 19 MeV

4Egys = 51 MeV
Llshe COMEREBE 7 FOREEADBRE LT, BYRERE BHBPEHALILLEDT
v oo 1 WECETSRELRYRD L, ZOHEBREBEORBRERL TR,

§3. EBAE
47 PORENEDL, BETHRHAERITHORIRO © — AR DERK TR E TEF

AU THEGRERIT > Tco SEOERTIIR 2 KR T L5 CIEESNORGCAEST S A Y
» FSDIMBRABHEM 6120 L3 V¥ —FEfR (ECSRIDE7 7 v VORERXHIE
Lico 77 VVORERAY v MCLBZBEBFR ELAHLDD, - 2DMEEBIC LZLD
DERHE T L DB 2RCRTREFRD 75 Vo 78 A A—=T AL (CA)BERNZE
Dt 3 1o CABESIZ7 7 v oD — 7HIELRAATEE LI 2G0T, Bt
GTHHENT 7V VDRBMREOERXMA ZENTEL, 77 VUVORERMEIIECSR%E
R L cER (E,= 190 MeV )& NMER ( Ey, = 220 MeV ) @ 2 [\ 431 THT - oo
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Meho®FEs (L, £) FBEEMNC L ARENERET %53,
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§4 EBRER A EAGPV' l ‘ I B|eam C\;rrenl=5{)ﬂA5
41 HERE o T
FIEIT 300 MeVEFY =7 v /T I :

FHIRTL 520 5 b (#H 1K ok :
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C, E-nEHEAD s OBESD 2t —

B LTAY » MEFFDT TV D ;Z; 1o°:— E

» 1 BEORE EROFEY L, § 3 i

FBIET 7Y IHmbORESE £ | ]
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5, C OIEMEEDICKS LI 0'F E

WA, BB Lo, —io BRI - s

fhEEXHbND, i ]
TS5V UDHBENT LI =T AL i ¥
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ik, BIKKEWTAY v FSDILLOBEEFAHELTDOAY » hSDIX YRS
2 HHBCOVTAEHERRL, SDINALSDIXYE TOREMY L=660cm& L, E,=

220 MeV, I, =100 zA, AV vy FOEZ=5cm& LIk, ZOMBRHL 7T VI 1 B
W AT AIREE 41 1%
4t =12.32%x1072°C/sec

e, BI1ROOBEEE L TNV CHIREAREREFBETLN, COERKOWT
BEETHRND,

F1E BEAVy NERIB7 IV ODRELR (°C/sec) &2V v bDE XD
1) E,=200 MV TD7 5 v YDORE LR

— L TR 10 50 100
Ay N
(cm) Al SUS Al SUS Al SUS
5 4.12x1072|2.72x107| 2.06 X 107! 1.36 4.12x 1071 2.72
10 1.41x 1072, 9.31 x 1072 7.05 X 1072/ 4.66 x 107*| 1.41 x 1071 |9.31 x 107*
(°C/sec)
2) Byb=1~4GeVTD7 5V UDRE LR
T3V ATV A
IR LFE— v — LEBR AV v bOE X (mm)
E,(GeV) I, CuA) 50 100 200 300
50 2.27 1.45 0.091 0.00234
1 GeV
100 4.55 2.91 0.183 0.00468
50 3.89 3.33 0.289 0.00899
2 GeV
100 7.78 6.66 0.578 0.0180
50 5.19 5.27 0.551 0.0193
3 GeV
100 10.4 10.5 1.10 0.0386
50 6.30 7.22 0.861 0.0327
4 GeV
100 12.6 14.4 1.72 0.0654

(°C/sec)
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TI3VY TN =T A

AU v b E & (mm)

I R)LF — v — LB 50 100 200 300
50 0.857 0.54 0.0344 8.83x10°¢
1 GeV
100 1.71 1.10 0.0689 1.77 x 107
50 1. 45 1.26 0.108 0.00339
2 GeV
100 2.91 2.52 0.216 0.00679
50 1.96 1.99 0.208 0.00727
3 GeV
100 3.91 3.98 0.416 0.0145
50 2.38 2.72 0.325 0.0123
4 GeV
100 4.77 5.44 0.651 0.0246
(°C/sec)
4.2 AEHR

REREZECT L 2 MoO~@DEINC D (37 C ABRER XAV TIT /R - Toe E
BHACRED EASBE S IBINES D I 500 & S D I X Y fHEDW@@7ET T, 45T
FHRLEM3IEHD 2 A -2 —QDRELFIIRLNI) oo ThODRIZFE LN, £
5 Rie 7,

o E,=220MeV ( ECSARMER ) TORERE

PEFBRIIEANCTR Y, E—2BBIESD I LMEELYH > CTERICSDIX Y~
aﬁhoﬁw%ﬁquDﬂ,SDHXY&%@75y9@&0®(%2@£%)@ﬁg
EREBBRI SR AL T 7 v ODRE ERIIR Ok oTco ZOERTSDIAS
mmBd, SDIXYHADKRETD 7 7 v YW@DIREIX 100 CL b Lico HARDDLL
BB LAY MERDT 5 Y JREE, 25 hOBEC L - TAE LTS
DORRLHD, ZOEBRTIE - 2DEELYSD IORMER L - GRELIOT, DX
HOMTOORENET LTWEDRRLN, 4 LERTOQD EANHIE Shi, 20D
FBRTOL - ABRIIEBCHE SR T iIsWD, KBS0 AREELEZDNR D,

o Ey=190MeV ( EC SR A ) TORERER

PIEHERIIESHIE TR T, COERTHO L - LBEIISDI~ECSK (M1, M2,
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UDRBA L,

2) BRI EN, HREL L TRD LI EHEREZ LR D,
RZECSHRDTI Xy PM1~M3DENNC EFRBEE DS - B/ DUV TRES
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1) S.S.Hanna : Nucl. Phys. A358 (1981) 229.

2) W.E.Kleppinger and J.D.Walecka : Ann. Phys. 146 (1983) 349;
D. Drechsel and H. Uberall : Phys. Rev. 181 (1968) 1383.

3) B B RRMIEEEE  FET GESIHBO p.104.
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