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Soft Giant Dipol Resonances of ' Be
by Charged-Pion Photoproduction

T. Yamaya, M. Saitoh, H. Yamazaki®, T. Taniuchil*, K. Shoda*
and H. Tsubota*
Department of Physics, Tohoku University, Sendai 980, Japan
*Labolatory of Nuclear Science, Tohoku University, Sendai 982, Japan

Energy spectra and angular distributions of the pion photoproduction have been
measured in the charge exchange reaction "B(e, 7 *) " Be at E=200MeV. The angular
distributions for the ground state and the eight excitation states below Ex=20MeV in " Be
were analyzed in the framework of the DWIA. The deduced El-strength distribution was
compared with the results of the theoretical calculation using the loosely bound HF-single
particle wave function. The dipole resonances due to the effect of the loosely bound single

particle were observed at the excitation energies below Ex=TMeV of "Be.

§ 1. Introduction

Recent experiments showed that the mass radii of some neutron-rich light nuclei
like "Li, "Be, and "“Be extend beyond the usual nuclear radius'’. Such the large nuclei radii
are responsible to the loosely bound single particle wave functions. The motion of the
loosely bound particle(s) does not couple strongly to one of the core. Thus, as shown in Fig.
1, it is expected that the giant dipole resonance(GDR) of the nucleus be enhanced at the
much lower excitation energies than the systematic values of the GDR that is Ex=80A %
MeV. These El strength distributions for the excitation energies of nuclei have been
calculated in the theoretical investigations by many authors *~%. However, the El
strengths in such the giant resonances have never been directly observed up to the present
day.

In this report, the strengths and excitation energies of the giant dipole resonances
in ! Be were experimentally studied. In the ""Be nucleus, a neutron is loosely bound to
the ""Be core, where the binding energy is about -0.5MeV(about -0.2MeV for a pair of

two neutrons to the °Li core in the "Li nucleus '’), and the nuclear radius is about 10



19

percents larger than the usual nuclear radius of mass number A=11(about 20 percents

larger for the "Li nucleus). Considering the effects of the losely bound neutron

on the nuclear structure of " Be, o)
T,

it is claimed that certain dipole

transition strengths are necessary

in the energy region of around E, = soft GDR ormal GDR
10MeV. In the present experiment, El strength M
the El-strength distribution ® by
the  charge  exchange dipole
Excitation Energy

: : 11 11
excitation from "B to "Be were Fig. 1 Pion energy spectra at ©,,,=40° in the "B(e,

examined by the (e, 7 ) reaction. 7 ") "Be reaction.

§ 2. Experimental Method

The electron beam of 200MeV was provided from the Tohoku University 300MeV
elecfron linear accelerator with 1,71000 energy resolution. A self-support "B enriched
target of 231mg,“cm? was prepared by compressing powder and firing afterwards. The
momentum of pions emitted from the reaction (e, # ¥) was analyzed with the 169.7°
double focusing magnetic spectrometer. A pion detection system consists of a vertical drift
chamber(VDC), three plastic scintillation counters and a Cerenkov counter system setting
in array 24 Cerenkov counters behind the plastic scintillation plates. The Cerenkov counter
system was used in order to reject the large back-ground of positrons which is produced by
the pair creation in the target. The detected pions were identified by the difference between
the energy losses of pions and positrons in the plastic scintilation counters. The energy
spectra of pions to the excited states below Ex=20MeV in ""Be were measured at five angles
ranging from 40° to 150° . Typical folded energy spectra at 40° are shown in Fig. 1. The
spectra were analyzed using the spectrum formular of the virtual-photon spectrum to pion
photoproduction proposed by Tiator and Wright ®. The overall energy resolution of
analyzed pions were about 200KeV. The angular distributions for the ground state and the
eight excited ststes in '"Be were obtained. The cross sections leading to these states were

obtained by means of a chi-squared fit with the virtual photon shape including the
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magnitudes of the (7, 7 %) cross section for each state in the pion energy spectra. These

results are indicated by the solid curves together with the identified excitation energies in

Fig. 2.

500 T T T T T T T T T T T T T T T T T T T T T 7T T

400

300
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T T T T T TR SN N B |
42 40 38 36 34 32 30 28 26

PION ENERGY(MeV)

1
50 48 4 44

Fig. 2 Schematic picture of the soft GDR and normal GDR in the neutron-rich nucleus
with a neutron halo. The dipole oscillation between protons(shaded area) and
neutrons is shown for each mode(from ref. 2).

8§ 3. Analysis and Results

The angular distributions of the nine states(g.s, 0.32, 2.7, 5.2, 6.8, 9.4, 12.0, 16.4 and
17.5MeV) were analyzed using the DWIA-code by Ohtsubo . In the (7, 7 ¥) reactions
near the pion photoproduction threshold energy, the transition are sensitive to the only spin
part of magnetization densities, and the multipolarity of the transition can be determined
from the g-dependence in the angular distributions. For the T-matrix element, the
elementary amplitude expressed by Chew, Goldberger, Low, and Nambu(CGLN) ® was
used. For the emitted pion distorted wave functions, the Michigam State University optical
potentials (1982 version) were employed in the DWIA calculations. The single particle
wave functions were used for the neutron wave functions of the 1p and 2s1d shell in "Be,
where the harmonic oscillator basis with the length parameter b=1.66fm is employed for
their single particle radial wave function. The typical results of the DWIA calculations for
the 251,32, 1d3 2, and 1d s, shell are compared with the data of the ground state, 5.2MeV

state, and 9.4MeV state, respectively, in Fig. 3, and these results reproduced well the
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experimental angular distributions depended on the transition multipolarities. The

strength of El-component for the observed eight states except for the 0.32MeV state

in "Be were deduced from the comparison between the data and the results of the DWIA

calculations. The multipolarities of transition
to the 1,727 state at 0.32MeV are M1 and E2.
The results of the DWIA calculation also
reproduced well the present data except for the
12MeV level. For the 12MeV level, we could
not decide it between 1,72 and 527 from
fitting the result of the DWIA calculation to
the experimental angular distribution. The
experimentally deduced strength distributions
of the charge exchange spin-flip dipole
transition from the ground state of ''B to the
excited states of "Be are shown in Fig. 4,
compairing with the results of theoretical
calculation by Hoshino, Sagawa, and
Arima ®. According to the results of their
theoretical calculations, the peak of the
El-transition  strength  distribution s
about Ex=9MeV in "Be in the case of that the
single-particle wave function take into

account the loosely bound nature, and the

"B(e, =) "'Be
(nb/sjr‘)k"l"t T 'I"I“I; T T T I'E
sfgs; 1/ i ]
Z:///’_f\\ /’A:
10 i E
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Fig. 3 Angular distributions of the 1,72
* 5,/2% and 32" states. The
fitted solid curves are the results

of the DWIA calculations.

non-energy weighted sum-rule(NEWS) value up to Ex=13MeV is 0.606fm ?. The present

experiment showed that the peak of the El-transition strength distribution is about Ex

=10MeV, and the NEWS-value is 0.34fm 2. In the excited energy region lower than 7TMeV,

the experimental NEWS-value is 0.13fm * and theoretical one is about 0.22fm ?. On the

other hand, in the case where no effect of loosely bound state is included, the theoretical

NEWS-value in this excited energy region is a very small, that is less than 0.05 fm %.
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Fig. 4 Charge exchange spin-flip dipole strength from the ground state of "B to the
excitated states of '"Be. The results of theoretical calculations including the effects
of the loosely bound single particle wave functions and the results from the present
experiment are shown in the upper part and the lower part, respectively. For the
12MeV state, the spin parity is either 1,/2% or 5,727,

On the basis of the result of the present experiment, it is suggested that the soft dipole
resonances decoupled from the giant dipole resonances were observed below Eyx=7MeV in
""Be, having a significant fraction of the charge exchange transition strength, because of
the large neutron excess and the loosely bound single-particle state, however, this

NEWS-value was about 60 percents of that obtained from the theoretical calculations.
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HEZO (7, p) KIGOWR

W, BEm*, 2 RV R
fh /e RPREL « REREET - 5% WK
Froocfi « FFREA « BMILEHA
RIS ™ - pimAnE
M. N. Thompson"q<

§1. F @

HMINIC & BIETREIED 5 b, FHT rBO x 2V F —5550MeV LL_E130MeV LI F D
oYL RRREFAES LTHEMNT 60 5, COfEIR, b« 5 ERTRPENING
IR EEIC BN B K (E AR (Giant Resonance) H3E) &#&T 2V ICHIE 9 5 SHIK
(AIEFEE) OHIciET 5, BHlS W 2 RBINABER L LT, RIGKEESIERE /)
ST &R, —HTEZRHERESNZ O NG TRIIGEBREEORSPEREL 25 &
BEFONB, TOHRE, NHTRIGERIC BT 3BT & OEBRABESKE VT &iT
HRT2b0TH B, £-T, BAHKTHBDIHIINR E L TIIKIFOL&MZ i3 5 nlkE
xS OMHE VS TENEL B,

UL, COMBTOYBEREHATE 2HRIBRIEICHL SN TOROOMBEIRTS 5,
ZDUHT, HEBEBTHER (Quasi-Deuteron Model ; QDM) 1%, EEFEREAZLSHHALTL
LT3,

HEBEBEE (QDM) 1d, ) Levinger ik » TIRIBE N2V, TOEFIVTIE, HEHB
TOREREH EEETORBEROLMNS, 257 77 5 —%28HT 5, Levinger 3ZD7 »
7 4 — & HHZEMOBEGT OISO W & O cEBERETATE S & L, ZD7 >
74— LWbWw3d Levinger 777 ¥ —EMENEHDOT, AEEERENEFT IR TFLL
T, RERZDEEBNERRBEINTOIE,

Tavares 513, T® Levinger 7 7 7 ¥ — 2RI L THELTWE Y, 2hick 3
L, 07705 —RERBKEEERD, ZoOKRFHORILE L TRTFREFROERKFEE
BIFTWB, Lrl, TOHBKRFHOERIZ “Ca  TOBENBOWRETHKENRE LD
OThHY, THLYLEOBEVWKII L TRRD SNTWRV, HE—, Pb o2RINWHRE, 5
Levinger 283K 7 fEMRSH 21213 TH B Y,
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AR T, D Levinger 7 7 7 ¥ —OBHEKFEMAFRT 3 ETEELEI S B HE
B To (7, p) RIBOWFEEITSY . TOERIE, BEOEENRE LB RGO =T
Tz &k B350<E,<130MeVTOHDTDHDTH %,

§2. EEEE - - ERAE

FEZ, WILRP R FREEIFHEZR300MeV BTHMES (Linac) » 5D /SR E— A
ZHOWTITbN I, Linach 5DET VA E— 43, #0iELE300pps (pulse per second)
T, Duty B0.IBLUTTH B, FERFAHEREEBE & 200, D90 R 13150MeV /¥ V2
E—=AZ MLy Fv— (SSTR) Z{EH L T Duty 88980% D £ — AicE#HEh 5,

ICT, ML EROGEEFTET £ — 2 3ETERH > 27 4 ( Photon Tagging
System) IZAHT 5, TOYRF AR, 7RERESEZHS (radiator), EEESHT 3
B, ROZOEHBERESNIBT 2LV VY FL—9—DFII SRS,

B1KICARROILENZ R, HEMESH rBRE—454 >~ Eicid, ¥ 1m oOfET 3 EHE
DIISEEIAS *P, #Y, *V OHICIA TV S, Y i¥, MARTAB I KEASBILS hod

] Concrete

Beam Dump

(Water) \

Thin Wall_ >
Chamber

32 Channel
Tagging Counter
Electron [ Z7A)~ 5. lagged Photon
Beam - Beam
Radiator 3 89 3
Tagging Electron P Target Y Target
Magnet  Sweeper Stage Stage
- v
——r—i Proton Detectors

Im

BN KBEEKROCTFER Y X 7 224K,
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WHE AL, B BSOS, TSy HRTTRBESICEEXSBELT S
IRT 4 WA (TX 7 4VE) TY=IWR LT, rE—2 LTV IEEZRLILTE
ZhELZ ¥Y ©358.1mg,cm? *V T410.0mg,/cm® & 78 > TW3,

7, RGERE LT ®Y, *Voftuc "CEAV, TOPCRETRIEGEO 2 v -8
FHELTHHEESO, riictlcoEgBER R (PY fil) T241.6mgcm?, Tl (*V
i) ©T248.9mg/ cm*TH %, *C TOUE IK3oKHIT, KBROPFIiTDONI

PBEFRHIgRE LTI A 1, Nal (T1), CslI (T1), BaF, Plastic ¥ ¥F b —% —%{HHL 7,
Zh 5 OB IS 5 K940cm FREEDFEREIZ30° |, 45° |, 60° , 75° DMK TRES
nTWV3, ERUAEBTRIEOBIEZRER, 78R “Co 2EH L Tirbhi,

BRHEESIR, NIM Va2 —VTREENS, NIM £ Y2 — VT MBI BBEILEGZHR
ENESOMNEE - FEEIT 3, RTHERMF— 4 IEY 25 & ODET (VAX,/CAMAC %
YRF L) BEALI, ORGTREEORERICK LU TidFast Clear 2 EH L7z, 410
ODFast Clear#E T3 A E 29t » ThH 5 B 5 —ERDRNIC crystal RIBZEHIIES 18 » 156G
CAMAC OfE#Hix B 0EBE Tclear LTLE S E WO HEE L 51, TOHEDO—FOFRII,
BORHZ (B2, Nal (TD) E#WKRHE (Plastic®) SEERFCHEHA L2V E &, §F
Ay 27 2 2EEBORHEZRICEDEUL EDAETE D LV I ARILH B, Fric, LTEHR
OREBKRHBOZ VWY 27 LA DBESICIRNITH 5,

N EE AV A ERTEESEME U TESSIRSBET oh b, Toffild, 8HF 5 X
F2lvazhy vy —%2ENMEICEE, BFRINEEFERETHEER-> TRD SN/,

% 7o, EREhE & FRCIERIENZ 3T L CARBEFICRBAT 3Bz 2 vF -BTOEIG %
RE L teo WHEIENAEVES, BERNICRETFRESEP SOFETRBEASHL VIR
THBH, BABTOBETERIZF v v X VO/NS W EEFEMISGEVED oy v ¥
MEV, TOEGELBNESBEEIICE—ra—-2EF LT,

Fexld, E—rDREEHZ1-DIC2oDE=y —%2FHLTEREZT- 72, —2 &, AR
BT — AEBHRE=%— (Thin Wall Chamber) TIEFBEELE L E— 2 LHEL2RD D€
=y —ELTHERSDT, b5>—2R it —2s%E=%— (Photon Monitor) T r#t—
LOB RIS SAF w7 v FL—F =BT rROMEZE=Y -T&5LoILicd
DTH5,
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§3. BHTRUEE

3.1 HEEOEH

F—HIBATENy 7 75y FELTREFPHENTS 2, COBTFERS 2o, BT
migs (AEELEA Y vy —) © ADCIHEREFA L TEFLBTORFi#B (particle iden-
tification ; PI) %47 - 7z, AR EFRIB RIS LB RSB OO TDC 2 <7 b
Wb ZDEIGPRD S, EOHERDKI6%TH > 72,

FGTHEEREEHA L TZo 3 v —EHRER S DI, BeENEFox vEF -2 5
CEDBHETHZ, Z20dIT}, K< BTEe—a%fio Tz A VF-KIEERITD
HEBBY, Tex i3 *C(r, po) BREFHLTIORIERTT>1, BFHRHEE VD E, IT
SHLUTpo HEOBFxx Vv F-—REHELOBBCRTYY, ZTOZ X IVF -
(Epo) & ADCF % v Vid 16 LITHIED T 53, RUNRDIETFOER Hicd 2YEO#
WIZ & > T OMIGBFRIZED > TL 20T, FohicRiEHEEEZZDOF F ¥Y, “VIicfEHT
ERWV, WEDHA "C(r, p) &%, *V (7, p) O&EVEZ, RINENZ IO T, Eh
TOZXNVF—BREZE Loz X VF —iIREHF T SETBENH S5, O, FHEME
& PC & RY, Vo 3 v F —HROEOEERMIEL TRD S,

KERDOHALETIZ, Slcai 7k 5ic Fast Clear Method 2 L7z, T @ Fast Clear {8
F3E CAMAC E Y 2 —Vitpid o, ZOESHANE NI L EFHMET XTI THY
REICRT WS —HOEWEER T 2, £/, F—9 WV AARO 7o v bz vy F7oty Hid
HOHEZEMHN CAMACE Y 2 — VT A- 7 1. R. (Interupt Register) 5 DEFE2 I THK
CAMACEY 2 = VDV YR ¥ DIEEFAASL, AR T 5, CO7ov by R o
£y OUIROBREETIZ, CAMACEY 2 — VDRV YR FICRNEEZE LS 2 L5 2ER
(Inhibit) AAHETH BH5, AHETIR, < OEBIEEE > fo 7o DIRDKEEISHIENLE U7z,

2%0,

D Fast Clear DHEZWBAKMO AEFNZREF—FEHLTLE I,

@F -5, 7oyt Y 7oty $HUET BIEFICL > THI W 2 EIGHER S,
EVHTEMES>TLEY, FA I T D Fast Clear Method 12 &k 3 7 — ¥ ~D & EHHIE L
teo MIEAEE L TR, RBTRHSEICZ DN 5|4 % Fast Clear D33 & CAMAC
DOFtHH UKD 53R, ZDEERERTHONIHRHICHIEHL, ELTHELZ, D
FHIEME £, 23R 3 A3, RoBcfTbhiz,

¥F, 7ov bV RTOy ¥AL R VP VERT - TEBICLET BB, £ OlH
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iz

OB TRHFZERTAED ADC

@&EFHith#s D TDC

O Tz EXTAED TDC
LB 5> TWVWD, AEBRTHITICHERERD > B, BTRHZED TDC ¥ 7'+ vid—FRITL
WaAND, & -, BITATRERHR (dead event) &, TH SETHHEE TDC ¥ 7' F Vi
5614 3 Fast Clear Of#E LTI TE 5,

22T, BETRHBOTDCEY 2 — VOB ERET 52 TORMEZ to &L, 61T, 1
FHOBTRINEF v v 2 VicEET 22 TOMRIE ©, & F 5, TG, MITARRESEH
% (dead event) MEET 2313, Fast Clear ¥ 7 F VKR 70+ 7, XK BHEREFL S,
FOHBERErLT5&,

1 —exp (— 7Xr)
L, =10+ 7,
tEEINB,

KEBRTIE, Fast Clear ¥ 7 F VOHBER r 327 — 5 — 8, BB EMBTE,
7o+ 7, FEBRBROENE, S

To+ 7,=2750+33%i+117X (G—1 [ us]
%jid, TDCE Y 2 —VOWVERT, (RERTIEj=1~4)
18,

#1 FB N BIEMEE R, BER, AEBRTD "C(7, p) 7= F b5 OMARED
BEBATVSG, CORMEMEFEHLTRD SNAEBTO *C (7, p) RIGKEEAE, Ll
Hig & HSHIE L1z 2C (r, p) FROMEME ZEZOHBNT T I LV EREF LN
726

T X V¥ —E,~E,+AE, T, RIGENEMHEFATERZETHIR, oz x
WE GRS B ETRHE (F + v 2 V) OFEEE N, Z OB TR OEHEHHR
ZelTBHEN Xekiid,

ISR T AT em ® 2472 0 QR TFROMEEIZ 7 R4 F o N, EHOES T (g/cm?),
1 e VOEREM (g) E43ETX N,/ MER3,

i Fr VA VOBFRIBEFBHR L TEONKBTHER, 2F0 27 b vickank
HEHEN, &L, BTRHSOTEAEAQ LT 2 EHERE
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FH1ER BFRES EEOCFzxv¥— E,) KX L TRD 517 Fast Clear #IE#,

Tag. ch E,(MeV) | HHIEFRE Tag. ch E,(MeV) | FHIERE
1 104.5 23.6 15 69.2 45.4
2 102.0 24.5 16 66.7 47.1
3 99.4 25.3 17 64.2 55.9
4 96.9 26.4 18 61.6 58.0
5 94.4 27.3 19 59.1 60.2
6 91.9 28.4 20 56.6 62.5
7 89.4 29.5 21 54.1 64.9
8 86.8 30.6 22 51.6 67.3
9 84.3 36.3 23 49.0 69.9
10 81.8 37.7 24 46.5 72.5
11 79.3 39.1 25 44.0 86.0
12 76.8 40.6 26 41.5 89.3
13 74.2 42.1 27 39.0 92.7
14 71.7 43.2 28 36.4 96.2

do N, X f,

dQ N, XeXTXN,/MXAQ
THZon 3,
DI BIAKAOHER, EvFhvoyaIv—va YEROTIT- o, FHERMEA L
rTRE—LDERIE, ¥y XBTARY bH A4 X% 3 cm (FWHM) & Ui,
3.2 Missing ITRIF—
BOBIREE KL BB, BB ORBERTRRENHRE TPV PT WV, O XV
F—% missing TxANVF— (E,) £95&
E,=E,— (T,+T)
=M,+ M.~ M,
E, ; EStFOozrvE—
T, ; MG FOEE - x v —
T, ; BREBOEE T X v ¥ —
M, ; Br#LES
M, ; BEgEHIEEE
M, ; B L EE
&85,
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3.3. EERBRFEE (QDM)

AKEROMHTICIZ, Gottfried DEIFHEEEGTHI (MQD) ZERA L TLUT Oz
T, Bk DERTRHPEMFHENRE LTVED, TOEFVEEALEICAME
MU B,

QEVBKOH—RT T XV F —HEAH L {35 > THIEW,
OETEMBZ VI, v ) OFIEA, HIREEMESERA (Final State Interaction ; FSD
Ho2— 1% BIRIEE (B, TRILEZD “BH0E” (OV), QDT 7 #HKIX

AN BFSRHBOBIEEML TREIESEFTE L D, HL,
Pauli Blocking D¥EREWNANTH 3,

Tag. ch. E,(MeV) BEDOH BAO+~ NZ (644)
1 104.5 640 0.944
2 102.0 640 0.944
3 99.4 640 0.944
4 96.9 640 0.944
5 94.4 640 0.944
6 91.9 616 0.957
7 89.4 616 0.957
8 86.8 616 0.957
9 84.3 616 0.957
10 81.8 532 0.826
11 79.3 532 0.826
12 76.8 532 0.826
13 74.2 532 0.826
14 1.7 366 0.568
15 69.2 366 0.568
16 66.7 366 0.568
17 64.2 366 0.568
18 61.6 366 0.568
19 59.1 156 0.242

20 56.6 156 0.242
21 54.1 156 0.242
22 51.6 156 0.242
23 49.0 24 0.037
24 46.5 24 0.037
25 44.0 24 0.037
26 41.5 24 0.037
27 39.0 24 0.037
28 36.4 0 0.000
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DFRBKE L ES 5

D2RTH 5%,

22T, QHVTR, BETFVELTET, FAMRBTRF v v VE[H L 0%
N EEEAL B, TOK, RIRLO = v+ —[FEZ—ER

hw=41A""* [MeV ]
LB, TOIXNVF—LAURS, 5X ol 2 vF -1 L CEERFABANKIH S
N3 “BEOK RHETEZ, IITHEELRTIER SRV OR, BFERPEIENS
2 -2k BIRHE (B, TRIBO “SGao” (¥Y).H2 — 1 R LRk,

BEOBEHBELIbD,

Tag. ch. E,(MeV) HEEH HEEE+ NZ (1950)
1 104.5 1950 1.000
2 102.0 1942 0.996
3 99.4 1942 0.996
4 96.9 1942 0.996
5 94.4 1942 0.996
6 91.9 1922 0.986
7 89.4 1922 0.986
8 86.8 1922 0.986
9 84.3 1922 0.986
10 81.8 1838 0.943
11 79.3 1838 0.943
12 76.8 1838 0.943
13 74.2 1616 0.829
14 71.7 1616 0.829
15 69.2 1616 0.829
16 66.7 1616 0.829
17 64.2 1218 0.625
18 61.6 1218 0.625
19 59.1 1218 0.625
20 56.6 1218 0.625
21 54.1 690 0.354
22 51.6 690 0.354
23 49.0 190 0.097
24 46.5 190 0.097
25 44.0 190 0.097
26 415 190 0.097
27 39.0 190 0.097
28 36.4 0 0.000
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fedicld, BFEHERRHSBOBMELZEL 2L B X vF—Z2F-> TR TRVI RV
L aoihiEsnahiET %y ) OB LA OKIR (Pauli Blockig) 22 EWI LD 2
SOMRERHC R E LTERENZEVITETH S, H2RICIDOHINERRAAKL ETD
HHADR” ERT, MIBEAMMGE LTI, 2O “GHROY 0EGLBRILAOBVE XD
BEAHOEDOILTH 345, Mori A15f L 72 BAFMOFER I C 0B R L 0 BjiIF5 0D
LEZ 5,

PlEoSBEEMANTHRLD QDM ¥ 2 3 V—ya Vi3,

do
dQ

NZ - do*
= LT fdp F (p) [d—g :lthot

F~ (p) ; Pauli Blocking %% & U 7- #EEERE T O EE) = G R

[EE&o¥ ]
NZ

— ~1/2 (-~ p?/2a%) [BEHo% ]
Q2ra) e X

REET D, EERAMERD BBICHBERL Y A X85 X — 5 — ald, BT OHRBHIELORE
BY ok o, VicxtLT83.3MeV, ¢, Y izt LTTLAMeV /e 35 5tz

@iz oW\ TH, BcEWICH L TR, TS ES N 2BIcEEKE OMB/EAMKE
POTL B, ORI, RHBTEMS W 3HRERD S € 2BEHEHE LTH<, T3
.13 Pauli Blocking ®%hHR% BUA 72 Kikuchi, Kawai & DY 2 5FE L TRD7, TD 2
D SRS n 1,

F (p) =F(p) X

7= exp (—f}

&b, Ve LT0.26, ®*YicxLT0.19TH 5, DI, Suda BFHE LA R — F¥a 3
L=y 3 VOEED—HLTVEY, Ef, Sudad ¥ 2Iv—va Yid "CIROVTHFERF
VY W LRHONIMEELSHELTVWE I MG INTV S,

P EDREEBOEEEFVEROWT, WEME DD S Levinger 7 » 7 ¥ — 2 HHT
B, H2MicF OB OBIZHW . missing TR NVFEF—ZART FIVERT, TIT, KA
FVOBERZTV, ¥Y ORED S/ O NIREEREDAEZIRL TV B, Fi, FERITRE N
e R RIEEII KD SN LIt LTO v a I L—v a VERTE 3,

C LERDBRHELT, 45°, 60° ORIMBICHLTE, Yaiv-—vavyOE—2%T
0 <Em<40MeV OREEBARES L b DD EI S, 72721, 75° I W TR E — 7 A% miss-
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80<Ey <98 MeV 80<Ey <98 MeV

o
S

T T
45 ° Nal(Tl) < 60 CsI(TI)

% 25 E 16
2 B

g 2 - L — L=14.8
el g nr

5" £

S 8 8

2 %)

@ 10 9

@«

S .

O s 1

0 L l
20 0 20 40 60 80 100 -20 [ 20 40 4 60 80 100 120
Em (MeV) Em (MeV)
80<Ey <98 MeV 80<Ey <98 MeV
T T T & T

20 T T

75" Plastic 45 Bak

Cross Section (ub/s r/MeV)
Cross Section (ub/sr/Me V)

-20 0 20 40 60 80 100 120 -20 0 20 40 60 80 100
Em (MeV) Em (MeV)

%2 missing T X NVF =27 PR QDM Y2 I L—Y a3 v,

X, Z£F, AF, T, A FOIE ®Y i UT458E « 60 « 758, SV
W U CABREICRRE L el tids e 518 & hic RUGKTTERE, ki, QDM v =
Iv—va VORERERT,

ing TANF—DOREVHEOMT B, 0<<Em<50MeV & TEXNRMHEKET 5, LidD

£ I ITHRHEDE LRI, B FRHEBOBEOZENRIE B WEHHTERET 50

THb, WERARI M WEV2IV—Ya YOEILIOERENPHEUTHLILNELSLTH

59,

BB SNt Levinger 7 7 7 # — i, SRHETRICHLT

2y
45° L=20.5%4.2
60° L=14.7%+3.3
75° L=15.9%33
Y

45° L= 8.5%1.8



34

Thb, HL, BEICSVWTREBEET S, TOBER, BAVSERAIEL2PC LYV, ¥Y
DFFHEE L ERFIRREBOFREDAEEAT VWS, £-T, LOMEEFHEBEEHOVTERT
BBRICHT B RIIREICOVTIE, BIICEBET 20END S, TOLIRRMFRAEL LT
BEEEOEHOTF/EITE 1L H8%E (BEMICIE, Fast Clear ®FHEEER « CAMAC D3t
HIABIERE D REEE) BEZ o b,
wRiT, BontF5EE%E Tavares 5DK ¥ 2 Levinger 7 7 7 ¥ — D & I8 3 K2R T,
Sk & BSEBR» SR DI fEIZ, Tavares 5 DFiEE#ERT 5 L THERICKEBEELRITT
bDEEZ D, HL, HEDO T — & ZENBNMIEREZFRONRE LTV BDITLT, &4
DF=%1F (7, p) KIETHOLNAL DO TH L1 DFETROAUESKRENPTVEELS
Nz, 20, (7, p) RIETRE
TORANEBESHERE LRI N 100
RIS 50w, ENRINRIGEL D
BRTHROREBIE P T BT
WBERRTE S, AEBRTRA - \ )
f - !! (11]
i

8Y

T T TTTTT

10
587z Levinger 7 7 7 ¥ — Dl I,

Ty

Tavares 5AKRHEARE Y bAKE 4\ /F A S" beu
BIKEHARLT WS, L L, & ¢ Alca
1 1 Ill||lll 1 1 l|llll] 1 1
3D & 5 iz L CHET 3Bz ik !
1 10 A 100

BHc bRz kST (r, p) RIB
D, D7 —e s %3 Levinger 7 7 7 ¥ —@_Eﬁﬁkﬁﬁo
777 SRR = Tavares 5D 5 — 71T Ricco G L7 7 — %

BRI RETHBLEEX B, RUOKRERO 7 — & Z (I MA Tz b Do

84. #& W

KiFFE TR, 3T<E,<105MeV DT X V¥ —§HT *V (7, p), *Y (7, p) KIGOREZE
fTotee 2, FIHTHERK (A=100M1) IcHEEE FEEAZ@EH L, Levinger 7 7 7 ¥ —
ERELI, DT &L, INEFTERBOLKENRE LT EIOERRIGOMEIIHLT,
FOBEVHEKTOBEEMA L EICK3, COKRQDM IR, EYFAVOY 2L —Va
iy YRR - IR B ERE AN I TR S i,

FEEBERELT,

Wiz LT L=85%18
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®yixt LT L=175%2.1
RO,

AFEERTD Fast Clear iIZ & ZHIIED 72D ic FILOBERAHEERSRKE WVETRH 5, L
L, ®V, ®YicH LERESHIEEZITY, ZORRICKEIHFSGOXELTHBLEI T LB
TEB1D, INSDEOLBHIEOTFSEMHKT 2MTH 5,

KEBTKD I 2 DOD L OBERIKIEHE R Tavares 58K D ek U, SHBRKH
WAERLTVS, {BL, (7, p) BRI 53K fofii & BN D S D% [E ki g
IR, METFRIOKIZBVEZBRT INENHELEELONS,

P % X ik
1) J. S. Levinger : Phys. Rev. 84 (1951) 43.
2) O. A. P. Tavares et al. : Lett. Nuovo Cimento 27 (1980) 358.
3) J. S. Levinger : Phys. Lett. 82B (1979) 181.
4) C. W. de Jager et al. : Atomic Data & Nuclear Data Tables 14 (1974) 479.
5) K. Kikuchi and K. Kawai : Nuclear Matter and Nuclear Reactions (North-Holland,
1968) .
6 ) Toshimi Suda : Ph. D. Thesis, Tohoku Univ. 1988.
7) 5P ORI RS BRIEKREE (1985) .
8) G. Ricco : Proc. 2nd Workshop on Perspectives in Nuclear Physics at Intermediate

Energies, Trieste (World Scientific, Singapore, 1986) p. 372.
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Thermalization Related Effects in the
Electrofission of Preactinide Nuclei

J. D. T. Arruda-Neto, T. Saito T , M. Sugawaraf,
T. Tamae T, H. Miyase ﬁ, K. Abe ﬁ: K. TakahisaT,
O. Konno T, M. Oikawa f and S. Simionatto

Physics Institute, University of Sao Paulo, Sao Paulo, Brazil
T Laboratory of Nuclear Science, Tohoku University, Sendai, Japan
Tt College of Geneval Education, Tohoku University, Sendai, Japan.

The absolute electrofission cross sections of Au and Ta were measured in the energy
interval 40-250 MeV. Pronounced inflexions of the (e, f) curves are observerd for both
Au and Ta around 220 MeV, which are signatures of structures in the corresponding
- photofission cross-section curves. We show that these ( 7,f) structures are originated in

the stage of preequilibrium emissions toward thermalization.

§ 1. Introduction

The electrofission of the preactinide nuclei ®®Pb and **Bi have been recently
investigated in our Laboratory " ® . It was observed in the electrofission cross section
curves, around 200 MeV, a clear inflexion for ®*Pb and a less pronounced one for **Bi.
These findings were tentatively interpreted as being due to the story of the photoproduced
pion inside the nucleus, as revealed by the mean free path of the photopion »  Although
appealing, the results for **Pb and **Bi are not too compeling because : (a) the inflexions
were verified only for two cases, and (b) a small number of experimental points (three or
four), taken at energy intervals of 10-20 MeV, delineate the inflexions .

In this letter we present results for the electrofission cross section of the preactinides
Au and Ta ; the date were taken at intervals of 5 MeV around the supposed inflexion
region (~200-220MeV). A simple visual inspection of the cross section curves, for both
Au and Ta , reveals the presence of the above mentioned inflexions for **Pb and **Bi. We

show for the first time that these (e, f) inflexions, around 210-220 MeV, are related to
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the nuclear themalization process at its stage of preequilibrium emissions.
Structures in the photofission cross section o , ; manifest thhemselves as inflex-
ions inthe corresponding electrofission cross section curve o,; (E,) XE, (E, is the

incident electron energy) because, by the virtual-photon theory ,
E
‘ d
0B =] 0., (0) N (0, E) <2 | 0

Where N is the El-virtual -photon spectrum, and @ is the real (or virtual) photon
energy.

In the energy region above the Giant Dipole Resonance (w =50 MeV) we can write
g,.;as

a 1. f ((0) = 2 UCN (Ac, Zc ; Ex).Pf (Ac; Zc ; Ex), (2)

Ac Zc

where A, and Z, are the atomic masses and atomic number of the compoud nuclei, respec-
tively, E, is the excitation energy, Oy is the cross section for compound nucleus forma-
tion, and P; is the fission probability.

For a given w, the magnitude of E; will depend both on the number of particles
emitted in the preequilibrium stage, and on the mean free path of the photopion ( 2 ;)
inside the nucleus (which determines if the pion scapes or not from the nucleus) ; there-
fore, E, is distributed between 0 and w. In this regard, Guaraldo and collaborators®
performed calculations based on the intranuclear cascade model and obtained E ., distribu-
tions in several heavy nuclei, for photon energies @ between 100 and 300 MeV.Results for
the mean excitation energy <FE,> of “Bi and "Au are shown in Fig. 1; A broad bump
shows up at values of @ around 150-170 MeV. This bump is associated to A, as a func-
tion of the pion kinetic energy (see discusssion in Refs. 1 and 2), it could manifest itselt
in the photofission cross section (Eqn. 2) because :

(1) the fission probability of a preactinide nucleus is a smooth and steep function
(nearly exponential) of E, ; and

(2) the compound nucleus cross section can be expressed as®

E 5 (@) (3)
w

ooy (E) =
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Where o, , is the photoabsorption cross section. At energies below the peak of the delta r
esonance (~300 MeV) o, is a structureless function of . Thus, the shape of ooy X E, is
mostly determined by the function E. X .

Therefore, the investigation of fine details in the shape of ¢,; Xw isasensitive way
to access the corresponding characteriatics in £, X @ which, in turn, depends on the therm-
alization process (as discussed below).

In view of the facts and reasonings cited above, we decided to perform a careful and
detailed measurement of the electrofission cross section of Au and Ta. The difficulties
associated to possible (e, ¢ f) exclusive measurements of preactinide nuclei have been
pointed out elsewhere® ;typical single-armed fission cross sections are 10 *— 1 pb. If

coincidence is imposed,the (e, ¢ f) cross sections become several orders of magnitude

lower than that of (e, f), which —_—
kes th iment ti 16
makes these experiments very time e AL
consuming. ul © Tq l %
- !
§ 2. Experiment and Result 121 F 12
Targets of Au and Ta with [ % é_
. . o . — 101 f A0 =
high purity were irradiated with O | ) e
<
electron beams from the Tohoku _’5 8- ,é é‘%’% —18 %
| m 4
University linear accelerator, with = 6 i é ) i "g_
’ ’
[ . dg =
energ-ies from 40 to 250 MeV in i l @ ﬁ()/ I |
’ ’
steps of 5and 10 MeV. Mica foils 41 of é_J’ 4
were used as fission fragments de- i © é’
o © 2
tectors, and the electron beam was | O oo
@]
monitored by means of a ferrite ol—L_L | L. 1L . Jg
100 120 140 160 180 200
itor. Details about th -
core monitor. Details about the pro Ee (Mev)

cedures and experimental set up
Fig. 1 :Electrofission cross section of Au (() ; left-

were published elsewhere" . hand scale) and Ta ((J; right-hand scale) ;
the dashed curves are to guide the eyes.The
solid curve is the unfolded photofission cross
section of Au (in arbitrary unit).

In Figs. 1 and 2 are shown

our electrofission results for Au
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and Ta. Since we are interested in

the details of the (e,f) curves, we i L A B

decided to present linear plots for 5 © Au Q'lé

two overlapping energy intervals : - 8 Ta /"

110—195 MeV (Fig. 1) and 160— 4__ / %,

250 MeV (Fig. 2 ), where 3 ?@ % 45

inflexions show up. First of all, 2— ,dé,@// i 1', ] Q

we would like to stress the follow- fj’_ ] Og/éd ' ," | 4 ;

ing points : 1+ ) o0 ,', —43 \?:
(1) the reproducibility of the @ - ‘?éj

(e, f) experimental points is Or 2

better than 59, so that theinfle- o R 1

xions and shoulders exhibited in l[Zi [::' L oy

Figs. land 2 are not artifacts of 160 180 2 220 240

the experimental fluctuations. Ee (Me\/)

(2) the (e, f t- . .
¢ (e, f) curvers of preac Fig. 2 : The same for Fig. 1, plus the calculated

inides are steep functions of the photofission cross section of Au (X — X
. and the dotted curve, details tn the text).
energy, which makes the presence
of inflexions and shoulders much more evident.
(3) the remarkable similarity between the Au and Ta (e, f) curves dramatically demo-
nstrates the physical sighificance of the inflexions. We would say that the indepdently

obtained Au and Ta curves are "twin curves“in a normalized scale, despite the fact that

thier absolute values differ by nearly order of magnitude.

§ 3. discussion

A visual inspection of Fig. 1 and 2 shows that the (e, f) curves of Au and Ta exhibit
very similar inflexions at two energy regions : 180-185MeV and 210-220 MeV which, as
explained above, correspond to structures in the ( 7, f) curves (see Eqn. 1). However,
for the delineation of the magnitude of the ( 7, f) cross section, we need to perform the

unfolding of the (e, f) integrated cross section. We used a least structure unfoldinding
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technique developed in our Laboratory ; the results for Au are shown in Figs. 1 and 2
(solid lines). Two structures (antecipated by the visual inspection of the electrofission
data) show up : a pronounced one at~170 MeV, and another (a shoulder) at ~205 MeV.

We know from Refs. 3 and 6 that the E,-distributions for w =180 MeV are broad,
while for ©<{180 MeV they are relatively more sharp. Thus, the function E, (@) X is
similar to <E,>Xw for w<180MeV. Therefore, since 0, reflects shape details
of B, (w) Xw (see Fgs. 2 and 3), we conclude that the structure obtained for o, (w)
Xw aroumd 170 MeV (Fig. 1) is originated by the structure of <E,>Xw at 160 MeV
(Fig. 3 ), except that the latter ia broader. But, considering the fact that we are comparing

an experimental result with a modal dependent calculation, the qualitative agreement is

L L B
L 197AU -
100} -
80}~ -
< 60| -
% L I ] 1 i 1 ‘ | 1 1 e l 1 i
= 100 200 300
P
uj | S L
<~ | Bi ]
100~ ~
801 -
60t~ | 1 -
' ‘ 1 L 1 A Il L 1. N} 1 1
100 200 300

w (MeV)
Fig. 3 : Average excitation energy <E,>> as a function of the incident photon energy w,
for ¥"Au and *°Bi target nuclei (quoted from Refs. 3 and 6)
good. This structure is physically explained in terms of the mean free path of the
photoproduced pion (seee. g. Refs. 1 —3).
On the other hand, the ( 7,f)-shoulder at 205 MeV is not present in<<E,>Xw. As
mentioned above, the £.-distributions are broad for w>180 MeV ; the mean values <FE,

>shown in Fig. 3 exhibit large dispersions (409 —609%). Thus, finer shape details of the
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function £, (w) Xw are smoothed out by the averaging process. We show below that
the structure around 206 MeV in o, ; (@) X ia directly related to the splitting
of the E,- distribution for @ =200MeV (see Fig. 1of Ref. 7).

For a given w, the E,-distribution could be expressed by the histograms calculated
by Guaraldo et al.® ,which we represent by [ N (E,, w) 1 XE,, where (E,— AE,,/ 2)—
(E.+ ,AE"” /2 is the width of the i-th histogram centered at E,, and N (E,;, w) is
its height (AE,, =10MeV). We note that E,, ranges from 0 to w, and that N (E,, »)
is the probability of finding a compound nucleus with excitation energy equal to E,; There-

fore, we can calculate the photofission cross section by (to compare with Eqn. 2 )
o ; (@)= ZL N (Es ) oo (EDP: (B ; (4)
by expressing oy as given approximately in Eqn. 3, we get
0y ()= 20 5N (B, W) B Py ®)

Since P; is a strong and smooth function of E,, it is clear to note from Eqn. 5 that
peculiarities of the distributions N (E,, @) are "amplified” by P;, as we demonstrate
below .

We performed calculations for ¢, ; (w) of Au at photon energies from 180 to 260 MeV,
using the distributions N (E,;, o) calculated in Refs. 3and 6, and 0,.. (@) values taken
from Ref. 8 .ForP; ( E . ) weused well-known relations, obtained from the assumption

)

that the level density is described by the so-called Fermi gas expression® . A more

detailed descripion of our calculations for @, will appear elsewhere'”

; the results are
shown in Fig. 3. The qualitative reproduction of the (7, f) -shoulder at~205MeV is
strijing. We claim that this (7, f) -shoulder is a consequence of the splitting of
N (E,, w), for o L200MeV, into two well separate structures at E,=25and 105 MeV
(see Fig. 1 of Ref. 7). To check such possibility, we repeated the calculation of @, (w)
for @=200MeV using anE,-distribution with a shape similar to that at @ =220—240
MeV, where the high - E, structure is much lower than the low-E, one. Now, the new o, ;
is lowered by a factor of two eliminating, therefore, the shoulder (see in Fig. 2 the dotted

curve).

Recently, Lucherini and collaborators'” mesaured in Frascati the ( 7, f) crosssection
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of Au with quasimonochromatic photons, in the energy range of 120—300MeV. Because
of the quasimonochromatic nature of the photons, a photofission yield curve (integrated
over the photon spectra) is obtained ; after the unfolding of this yield curve the ( 7, f)
cross sections delineated. It is very interesting to note that the photofission yield of
Au (see Fig. 1 of Ref. 11) clearly exhibits inflexions around 180 and 230MeV, which
compare favourably with our (e, f) inflexions at 180— 185 and 210—220 MeV. Therefore,
the (7, f) structures reported in this letter were previously detected in the Au (7, f)
experriment of Frascati' , but they were not recognized.

Finally, the physical explanation for the occurrence of a splitting in the E,-distribu-
tions, around w=200MeV, demands further studies (under way at our Laboratory).

We would like to thank Dr. V. Lucherini and Dr. E. De Sanctis, for providing us with
their complete set of results for E,-distributions, and we wish to thank the linac crew
for providing the specified electron beam. This work was partially supported by Conselho
Nacional de Desenvolvimento Cientificoe Tecnologico (Brazil) and Japan Society for the

Promotion of Science.
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BREHERO <0 1 0> AREthiETFOARARE DR THED SIRE 2REBROAKTH 5,
%7z, TOF IETRE2ME (W v ME, 1(e) li%-”r’v*woi VI IedT 26D TH
B0 HIRORIT & 0 WHEFZER LOTREE 1( ) 1L 72,
1CE) =1 «¢8/ (9295 +5sin6,) £)

BESNIZ<7 PVEFHARITRL, EBLEG) ~@Ric L hEB LI EREER/RT
ZDOL1IebOWHESRTH S, HADHEEI(E) 13 (42 0) Bragg RIcBF 5%910000T&H
D, Ny 2059y RItBY AREMEIZKIL TH -7 F5KICB 3 RAEHREOFEEFR ]
(¢) =2508Tho, chicks & (310) fifhic, BEHILOEAS L& d0hHN
TWBMS /N HRBIEFIZE Y, 72, Ny 27759V FOELGIEET> TWRWEA, (4
2 0) Bragg @&y 2775y v FizBWVT, (00 0) AIGIEVEEBICHREDOKE WS
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BHEHI TV 3,

§3. & £
ST e E W 72 Cuoms Cuoms Pdozss ~ TOF (PSD)
Pd o5 A& OBEBELORE 1B VT,
HIRTRT LA (130) FHT
RO 4 2 ORRA &I BIllE
Nt (200) Bragg MiELOTE L D 2
ﬁﬂ@%ﬁ47@(0%5)%%§u1

W SREERERERYD, A 2 0T 30.M
&% (260) Bragg HELOTEEFTE %

{{'

T
+2&, IO (130) AoE— %%%gf
y ORI E—HL, (1 g 50 i 100 150 (ch)

30) Hor—22HHLII 2/ 2
#A4K TOFHEPSDtdicEsd TOF 2~

kB30T THB I EMRENT, S b, i BT A VER, P RHALAOR
%I T, ZOMmoREEEOo € -7 BART, & P ek AT mE R EA%E

5 LT P EECHENTE - 72,
1T WTHHBRREE B L T EE TV,

BB ELOTEHS Lorentz HFHIC & < &V, £ <100> AT 2 W TOLREIZ 0.004X2 7 a
(a BIETER) THBIEMMEo1e, TNEREICERT 5 &, T ORIERERKF Ot
FEIRIHI900 A FREEE THBLATVWA I ERRLTWS, Fi, HMEMADOMEEL Y 1 KT
TREBRIRE M 12 0.093 TH Y, CuPd G&ROETHIENTIC & 2 WERR & IERIT XL
&-TBY, »poOCyorffy EFOTHE B —HL TV 3,

COWMBHED 7Y 27 vV — vARTOAEESKE AU, 7 — ) 2EHRIC X D T
HAERV,, Kb 5 2 EHNTE, BTRBONHIHRO PR LM TES, L, TOF &
P SD fHETABIC L ZMETR, FARDS MRS & 5 ITHIBRRIORE T b A2 S
IMERESNEh -1, EEHMTEL LAESNTR (31 0) @R FrbfFicenslv
BEOBRVES RS BZ LN, BFLEm =008 IELTVEERERXT, 2420
BAICIE > TOIRWV, ThIENy 775 Y FOELEIZET> TRV & &, kTR
EEASEE MIEHES AR LTV R EELONE, B0V %2 AT #RE TR/ L TE
Kk BHEAERS U, BHKHEEEG G HERTV, Ny 2775 FOELGIEZ2EDIE
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Cuo,715Pdo.2e5 (hkO)
6
" ~p=10
k & e
T 3 ) ///
2 . P P < e
- p=i
1 . /ig«/r :;; Lo T T
7 2 3 4 5 6 7 8 9
_éh

EH5N W TR R L EELRE S, RbholisT
Fb L2 >DOHEHEIZ, COEGTEENAEGFED
FEFRD ARTEENH 5 T E%ERT,
MIfTH CEDBEENE, T 27 vV — vREBOHAEEZITY, & SICHREEERIFEICEL L
T FIRBIONEEITS T &Elck - T, 7 =V AIRMSIEIC & 2HEHILOERYa - Vv R
HOFM, BLURTHEOARENE SN S Z L2 HIFdT 3,
I, BTG 3 PSD X BIc L 3 AIETIE, £ TR OTHMERSEE I I8
Hrnwitinwlk, 22T, D SE#H O LEDT,

e £ X ik
1) RUBEE—, EDRRED - EAYIEE 13 (1978) 265, ‘
2 ) Henry Chou, S. M. Shapiro, S. C. Moss and Mark Mostoller : Phys. Rev.
B 42 (1990) 500.
3) J. M. Cowley : J. Appl. Letters 2 (1959) 393.
4) B. L. Gyorffy and G. M. Stocks : Phys. Rev. Lett. 50 (1983) 374.
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e b4 LaSrMO, (M=Fe, Co, Ni, Cu) @

A e & SR S
B
INEFFEY
s1. % ®

FEEHEIE 0 K NiF  BIOWIH R, T ORFRTRERBEIC & 0 “UOTr8 4 ZIochit 4
& U TERTOYIEFFE DISIF IR RITIE - TV S, BT, #4E La ,CuO , RO YDz
BRBIEEERT D (La,-xSrxCuO4, 0.04<x<0.15) BEREH, OO RS &
B L g R o WE O SRA P OMESEAIITON TV S, La:MO, (M=Fe,
Co, Ni, Cu) B&{t#& LaSrMO, (M=Fe, Co, Ni, Cu) Bt Tid, k¥R EH1S
BMEBETFOMMARIZEOHTIE 2 M, BETRIMELZILEBFHEENG, T O¥E/L
L BYHEDELETND T &, ChSsOBIOBEBTRELERT 20ICERTHS D,
Fxald, —E#D LaSTMO s (M=Fe, Co, Ni, Cu) B{t¥oRiSHE, HEEES METFD
MEREELZFRE S L LTWE, TOMEER, LaSrCoO , OMISHEE R O RS2~
5 1cD DEBORTELEEZTLR LI bDTH 5, . '

FIRIC Aso % Vit k> THES It . [ xio°
LaSrFeO , DHALROBEZEILETR T, & :
2K &% 3 X LaSrCoO , DRILRDERE
L PP 2RT, HIKEE 2KITRE
NIHALROBEZD, F2)—- 74
AR 5T NBBRES_Hird 5 THELL
LTW3, LaSrFeO, T, 330K LIF O %160 200 360 400 500 600 700 800 500 %
BECREROMSHHFEEEMT 23 H 1K LaSrFeO, ORULROUHOREZAL,

(K. Aso FEDHIEIC L B, XHA1)
HHETFRELEER © hoRShTWS, 5§
LREH 2R i & 5 BHALROBREZCOFUMEICEH I % &, LaSrCoO, THIE
BTREMOMSHNHESEREN TV I EBMFEEN S, L L, G Demazeau (3,
PHEFREEBRORRE L 04.2K ORE  CTRIEBOMSHIKF BRI S hiEhr -7 T & 2R
HLTV3, HIRKNTIR LR EROBEZ(E, Z0LE 0RO DTHD, FH1KPH

1or SrLaFeOa
H={2000 oe




2R & iR bR & BRER L OB
FREZ-TWVWE, A, KET
LaSrFeO, O HEFRELE R Z B ETHIC
TITW, Soubeyroux & * DFEEREE %
WAL TWS ¥,

T T T}, LaSrCoO , O¥y KT Bl
EBEREHET 5,

§ 2. HHHEs

La,03 & SrCO, U CoO DFIEE %
RE&ELT, BE&VY FE[HV, 225851200
CT24RsRBERS - A% 3EBOLEL,
BEI21320°C T 6 KfIBER: « IRE % 2 Bl
DB LIT- oo BERER, BXHF K OED
LU, ZRHRTamli,

§3. XBRER -EE

55 4 i< LaSrCoO , DEERKEE % HiHl
45 L7z LaSrFeO , DR EXHE VT
Rlfzo TNHDTOF X7 b vid, B
GLAGOEICRTES NI Y v =Ny Y
THIE S hic, BIER, =R E20K TfT
W, MKT 5y SEELOEEEER L o
K,NiF . BloRERHE 2 RE LT, Bhic
WEENTWBEZhZThoBRIEYORT
EHERVT, 77y 7V HELRE 2R
EEERNT L EED SHELEE L B
botio TOEREE 1 RITRT,
LaSrFeO , Tld, %75 v JEELIKE T
TRRATEBVEFREEH 0, hh
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WR7 5y JHELTH B T & AR P

4 L7z LaSrCoO, ® TOF X <7 b mgfiK
JVIE LaSrFeO, DZNEMBLL T3
UL, #&xiE, (1, 0, 1) o[ RS
7455 LaStFeO , 21 & EXH#IC D
BAShTOEL, CORRR, #1 ‘ Laon

Fir bbb &) IkEREERTICE -
TLaStFeO , DEERED 1 /20525
i3 ETFHEN, COEBRBE
ATIEEAES (1, 0, 1) HFrED
BB, FARECH B EERE N,
LaSrCoO ; ®20K TO TOF 22 h b
iE, ERozhEHKRLT, TR
3.2A BRSBTS EI N 5, C
DFERE LT, kD> OEMT] R
LLTEALNS, H1 QRS L
T, ZomiEEMTiciE (0, 0,

4) EBROBAISTHEE L, o d - spacing (A)

Fo o 2 S= 84— o5 — H4X LaSrFeO, & LaSrCoO , DEIR K 20K
77y TRERREFSA =27 5 = 51 B ER D T EBRIC & 5 TOF

1o

B Al 20K

Leom LaSrCo0y,
> 10 295K

I ntensity

DEERTICLVERTH B> cH AR M BELAKOEICHRE SN h
o . v vy =Ny TNESH, AFHRHET R
BEIOND, B2tk WRT5v ~_J MVTHIEEN TV 3,

THRENC & BRI ORREETH B, LaSrFeO, @ (1, 0, 3) WX 75 v 7 EEL0EH &
hamEERIOEVALE I, JERICE 5 & llsh T 5,

5 1 OFREHIC D WT i, BV Y 5 — MO BRI 73 « 7 — 5 ORERTH O
BREFEERIFT LRI TFELIZC W, LA, KR THBRIC - 78R 3 SH R EERER
HEIC & BHEBELOTREMESEEN TV S, UL, LaStFeO, TORKERMS, (1, 0,
3) B L v nEFHENS (1, 0, 2) [EHrESRESERNI,H 5 OEERI,
BIED E ZAHSMTIFIE WV, LaSrCoO 4 DHIXUEE 13 LaSrFeO, D Z N EFRTT > TV ST
Bt b EETEL L,



57

#13%E K,NiF ., HoOEEEEICESVT, Rietveld #rH 7 1 75 4 RIETAN %{§ - T3
BLALERBKT S v 7V REORHETEERE, SHEIE, SRMESI00E755 L5

HEBLEh TV 3,
LaSrFeO, LaSrCoO,
h,k,1 d-spacing  Intensity | d-spacing  Intensity
0,0,2 6.36 51.2 6.25 10.3
1,0,1 3.70 114 3.64 0.5
0,04 3.18 0.0 3.13 3.3
1,0,3 2.86 28.0 2.81 3.6
1,1,0 2.74 52.2 2.69 34.3
1,1,2 2.52 16.5 2.47 444
1,0,5 2.13 48.1 2.09 18.1
0,0,6 2.12 53.9 2.08 34.3
1,1,4 2.08 62.9 2.04 100.0
2,0,0 1.94 100.0 1.90 68.0
§4. £ & B

LaSrCoO , D20K T®D TOF ¥y RKERT 2 7 b iz, FEED R b IVITIEIE W - 12 B
BOBRls Nz, COMFRIIRSHEEIC L bDEEEShicict &k b, BRETREL
RWEIAET 5 EMTERp - 12,
| HSBELTH B LR T A0, LOREORVERT — S BNETH B, T
FEEOR EREZSNAZVOT, REERRRP S~y MREBZZ3BELT, KOBE
FOF—SIEEFE LTV 5,
ﬁ%&%m%w%ﬁwat%%mﬁﬂﬁiﬁwaﬂﬁéﬁf%a@ehkw,%nu%ﬁ
LTWew v v oA s % B8HS1936DKMECERICHER Uiz, oM, FEES1935C
DVWTOREETLH 5,

5 X #

1) K. Aso and S. Miyahara : J. Phys. Soc. Jpn. 21 (1966) 1833.

2) P. Gamguly and Sheela Ramasesha : Mag. Lett. 1 (1980) 131.

3) G. Demazeau, Ph. Courbin, G. Le Flem, M. Pouchard, J. L. Soubeyroux, I. G. Main
and G. A. Robins : Nouveau Journal de Chemie 8 (1979) 171.

4 ) J. L. Soubeyroux, P. Courbin, L. Fournes, D. Frtchart.and G. Le Flem : J. Solid St.
Chem. 31 (1980) 313.

5) /NEFSFEX, AN IS 22 (1989) 29.
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KIBHEBER VT 4 ) VEEKA X VEBRITBIT S
REkFHR OHFFE ()
(Zn-Cd &2 E L T)

FPAILFR
HE] #E

§1. F

SBSSARERIC B IS S AR O A4, —IcW>h DT oD
HEDREREEL 5, fx ORBEORNEFERNCHIETE 3 RBERLDT WV, EHIE
ORARRT, MENE oIS h i bOSMELIE, TOMRPRVITHETEZ0T
HBM, ToH—MWEZRABEERAEAYT 20RBEZ TRV, £ITEEER, TH
b3 bDELT, ML+ M L Bkt GmIE A 4+ ¥ 2AHKE AR UBIE ST T &
2o SENEM, M e 5 hLE&EE LT, {LHENRHESEIEHUL T THA Y HEED S
3 In-Cd DMEEEE DI THIz, SEHVIEE AL &+ v oL FEHEEFig. 11ITRT,

N
H.C + +‘CH3 ~035

[M(TMPYP) 1%~ [M(TPPS) 14"

Fig. 1 Chemical structure of metalloporphyrin ions used.
TMPyP=a, 8, 7, 6-tetrakis(4-N-methylpyridyl) porphine,
TPPS=tetra(p-sulfophenyl)porphine.

§2. £ B
2.1 HEHOAK
E AR o RSB T 2BAL, @BELOERICL D FLEREZEA LI, 1
*+ v AOKIRIBTRS 1 4~ OKERES L, BiERLLERE L TERY 2 20kt s
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BUL, BeHr - LT, RONTE L OHHEORINZ <2 b VIEO DB, Wk %
ik U7,

22 & &

b T IR 1 ERF JRR- 4 PSS 2RI L7z, Tablel. Irradiation conditions.

S G IR 1L, ﬁjtjﬁ‘f"@ﬁ BFSAFv % BREMSSTRAHLUNG IRRADIATION
Tohoku Univ.Electron LINAC

R L7z, Table 1 i BEMEHFRT Max.Energy of 7-ray 50Mev
2 Average Current ~80 1A
23 fLsime Irradiation Temp. ~—130T

WS U 7-5060s, &% SEKS L-RGEEI  (Pt-converter)
Unconverted electrons were removed

WL, A A Sk S DR O L CEIEIRIR ) oo oo,
DEDE L T2o Fig. 2 1ALEDBE O RN A Fd, THERMAL NEUTRON

IRRADIATION
2.4 HEtEERIE JRR-4,Pn
l‘ﬁgﬁk@tﬂ%&PHA%:i 105’7 S2va VYD 7 Flux Of pth 3.7><1013n/cm 2 : sec
Irradiation Temp. —7.8C
R~y P WVERIEL, XEE—7 OmEN»S5HM  Irradiation Time 2 min
&@%i% L 7‘:0

§3. BRLEE
%Bntﬁ%m,ﬁﬁ@ﬁ%@m<,iﬁ%ﬁ%ﬁé@?&%ﬁ,&ﬁ&@@%%ﬂ%@—
% Table 2 1277 T, MATHIEFIIRKZIVI L E, LAKORMEI/NS VT EAHEE-T,
HESRREDS DI D LK BV REAL B LR LB LIETH » 1o, FRERIBITBYT
BRIGHERERD 5 TITRE - TRV, ZhTbEREEOSERERIC>VWTD, H5H
O— BRI ZFTAE BT ENTE I, THOE, WFhbhoRBFicitEL RSB T
ETH B, BRZTREDLERBE LSRR TR, *InBERLER In OHLERE
DEIBICAS &0 T - EEOHEERTHFEORLO Cd A RERINICER L, & hREUGDE
DHFHIFED/NE W EERT DD TH %, —H In DHEBZUCRAEKTIE, *Inik
BT ADEET 57 v a YICRBREAM L (PZnic>20Thd, HatldE LA,
HERNERET S - 7)o F 72 *Cd 13— TPPS $5AHNIT X W BB A » T L HEZ/R LT
Bk % v F — 3 WIS RS ABUSORT, MRS DRSSk, SHADERI[ERE
DR RA TS &3, KBEREERED = 2 VvF—fRIcEL Th 5, BT Eoft
SHIERMEIC & > TEORIRIEN XS - EEX B TH A, BEHTIR, Zn & CdOHR
EDFERICRICEE LTV ERAD SNV, BB O n EOEE)Z, LIRHRES LY
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, SAMPLE
[M(TMPyP) ] [ M T
(TCPP) ] (M. M =Cu, Zn; D1SSOLVE IN (l)OLD SOLVENT
TCPP = tetra( p-carboxy l \ l
. A CATION An1ON
phenyl)porphine) =& EXCHANGER EXCHANGER
DFED *Cu OEH & /- NH, form | OH form
L\/\AJck<ﬂJTjsOq - 2+ 2+
~— - Zn” ", Cd
jj*cd 0)%@}‘1 [ M(TM ( carriers for making precipitate)
B < DDC
Pyp) :| [ M (TPPS) :| excess
(M, M' =Co, Cu) 28 Ficr.
(soln.)
KOEED *CoD%H
EHBIL TV B, M-TPPS M-TMPYP ToTAL
FRACTION FRACTION ACTIVITY
SOLVENT : NH34MC1 - NH‘:{,H - EtoH
3 0« 1 2

(Containing carriers)
Carriers: Zn2+, Cd2+, Complex Ions Whose
Central Metal Atoms were Exchanged
(0.25mM each),
Fig. 2 Chemical separation scheme.

Table2. Complex Yields (%).*

Compound Used [ Cd(TMPyP) ] [ Zn(TPPS) ] [ Zn(TMPyP) ] [ Cd(TPPS) ]
Fraction M(TMPyP) M(TPPS) M(TMPyP) M(TPPS)
&57, 16t 1 1.9+0.2 1.4+0.6 24+t 3
66 <1.5 <3 21+ 8
1504 0.6x0.2 0.79£0.07 0.19%0.06 9.6x0.1
<2 <25 0.2%+0.2 5.9+%0.8

Compound Used [ CA(TMPyP) ] [ Cd(TPPS) ] [ Zn(TMPyP) 1 [ Zn(TPPS) ]

Fraction M(TMPyP) M(TPPS) M(TMPyP) M(TPPS)
7, - - 0.9%+0.2 1.1£0.2
- - 0.8%+0.2 1.0£0.2
150 0.19£0.05 14+ 1 - -
2.3+0.9 22t 2 - -
*Upper value -+ Thermal neutron irradiation

Lower value +---+- Bremsstrahlung irradiation.
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& % X ik
1) /NI, $ER, MO BGEERTRIIEALE19 (1986) 63 |
2) K. Ogawa, H. Shoji and N. Tkeda : Proc. 13th Int. Hot Atom Chemistry Symp.
Mzt. Fuji, 1987.
3) KRREKT—%,
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GIEETOA v MY v 2 OFEMH

E )
RIER— - B
§1. [RUBHIC

49 b)Y AOEESD B VIREOHEERICR, oLV T T =2, 5, FIYLRER
BINTEY, ThOoENHRINT 5 EBBELND, TOBBOBEET S I EMHEL, &
oI L CHNEENT 2 h S EERRELELE Y,

L7 7 — A QBEEHHIC ISR E L, VT 7 -XEOQERROREVWY (2—=x
Fu~F o) ) B (DEHPA) BASHWSHTEY, Y (M) HHE h 3EKEHET
BILET 2 Fe () bHitHEN 3, 20k, FTHYERETEE, HE0VIEFe () %
Fe(I) BT LTKMIREBTCLIc&? Y () 2HHNMT 3 E0EIL N5, L
L, EBOF ot 2t BV TR TESEECKD BB OLRICBE &S, ok
SHEBELLICY () 0AEMHNHTE 3 EpEEhTVEY,

ETAT, v 77T —2OMHEERARE VDI L, Fe (W) $EADHHME i3/ &
W EHBHISNTWVWEY, 2 THEEoZE IcE S VT, MHE&Hoa v ru -tk
Y () 2EEMciiNBTEhIFRaTthd s, oD &5, APFETIZ Fe (1)
DEFTERTOY (D) oMHicHEET 2 4 BRI WIS L, Fic, Y(I) B
LU Fe () DMtERE IS EREERIICHN, TOMESBE~OBEH IC> W THRET
L7

§2. £ B2

2.1 & E

YV (2—xFu~Fy) ) VB (DEHPA ; HALRY) B8LTY ¥B+Y 75 v (TBP)
3, AL RSN OE oy v ATRTARE U THTEEE IR L 72,

PU—4%—&LTHOE®BY (t,,=105d) FEIEASEEERFEFREEMAIMR OEBET 5
15y 7o OHBERICEKD, 19 MYy ABEMERBELT®Y (7, n) YRS
DEIE LTz, 7 ¥Fe (t1,.=45d) & New England Nuclear & D §{k¥iEm & LT
A LT,
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2.2 K- R

FL—4—&LTEY 503 *Fe 2BUHEVWIRMIAR & A D DEHPA O 7 v ¥ ViFHK
A E25°CT260[E],/ SOEET 1 BHRE 5 L7z, BTk oL WY, KHEIRZI0T'M (=
mol,/dm?®) YDO.0IMBERAKE L, % 7-HE#HHI30.060M (HA), r o ¥ YiFKE Lic, il
SYEE (3000 rpm) %, TOHHOBUHEEZ TR Nal (TD ¥ ¥ FLr—va vhy vy —BRiligc
XD RIE LA ERD F2, &1 PR O pH ZREL, KHEA A VREZKRDI,

§3. RRLER 10?
5 C0o~q
3.1 4y bUDLOHMETS A \
102 X ]
Y () OHTPEERRT 570, W \ \
Ay
TEERMERE % F9% L 7o /KA A 5 DEHPA — & i
10 -
o ¥ VEBEAD Y OMHEBEIE AN, Y
> Ay

DAL Dy 2 5 KMD H BE OB L o.oosm\ 8
AR T 5 b T 1 RICRT s SRR 8l \
DOWEho DEHPA EBETH Dy I H* BE 0" L \ i
D¥KIZ->NTIEKTFL, oy bOARLIE— _
3V, Fh H EEOEVEETIE Dy ™ :
B\ o DEHPA BEOEE 400~ THY /M
500CHAT B &2 = 720 V %1 The distribution ratio of Y as

4, Dy ® DEHPA QBEKIFIEZEE 3 a function of hydrogen ion concent-

’ ration.

&, H2RTRT £S5, HETwy T 107 M Y in H,S0, ; DEHPA in

kerosene ; 25°C.

Fo# 3 OELITI - THWML, ©ATIDH
&b DEHPA EEAEL 85 & Dy =400fHETHEITBIC8 5, chonl &p b, Yofhl
RrORKic &k 3 EHEES NS,
Y ¥ 43 (HA) g o = Y (HA 25 o +3H %, §4)
K= [Y (HADslom [HT]. o
(Y **). ((HA) 2] o'
K70y b OEREBOERME, S K, HIZ3X10°~10* L RO Z, BBET o €A T
¥ modifier £ LT TBP AW SR B I EMBVI EHh D, ZOHFERD Dy DEILIZSWVWT
bFN, ZORLE 2 XITRT, DEHPA ioxf L C#flic TBP k3 35413 Dy RIK




T EB8@BB NI, HRK
Fe (I) MERICHET 2586 Dy 13
KIBIIET T3 2 &0 1,

K\ DEHPA 28 < TBP 2 ® D,
~OFEETN, ZOREEE IR
3, TBP DREASEW L FIZZ Dy ~
DRI DILND, TBP O (HA),
BEOKIEI L3 & Dy AKX
KT9 5%, iz DEHPA & TBP O
EEEOHAMERIckY 7Y —® (HA),
BENELT D EELIONS, TD
BRMELITO Fe (L) A#EFELTS Dy
ANDOFER/DI VA (HA): iexf LT
HHE D Fe () MILHFFT 5 & Dy KR
KWIKTT 3 E08Bdohic, Thid
Fe (HA,)s DERICEH 7Y —D (HA),
PHBEND LD TH 5,

3.2 4y bUDLOHMEERE

—c LT 7 — R OTMHEEIRAX ],
e T E T B T &
HohTWwb, 2600/ 730HkE 5 TD
Y oftHoRRELEE 4 KITRT, Y
O IZHI40B DR & 5 T Dy OFHHE
K400iESVWTW3B, TTT02MD
TBP 0#F 13 Dy OEfLICZ LA LE
BLIEWIENGI S,

& iz DEHPA IRE %K< L T TBP
HEOHELTAN, TORREE M
R o (HA) Xt L1058 © TBP
D73 DEHPA DA DBE E LB L

=2 The distribution ratio of Y as a function

Dy

%3 Effect of TBP concentration on the dist-
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a
g 'r
(n/O
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10 /0 ()
102 (3)
4 A
/ /
|0'3 L 1 L I
107 103 102 107
[(HA),1/M

of DEHPA concentration.
0.01MH,SO, ;
0.2M TBP ; (3) DEHPA, 0.004 M Fe (IIL).

(1) DEHPA ; (2) DEHPA +

10°
[0 TBP __ ~
O
10% |- \
Q

10 ci

| 1 1

10°° 1072 107

(TBPI/M

ribution ratio of Y.
0.01 M H,S0,; 0.0056 M (HA),.



66

103
10® no TBP
.;::% =
o0 % o 3 0.05 M TBP
! —O—_ ——O— -
OB/O 102 L
*o——© o-
02 / / 0.2 M TBP
- u]
3 Y e
=Y g
e Y -
) b 0.4 M TBP
10 o /d /
/ s
O
/ 'r .
</
| . ) | 4 L 1 -
10 10? 103 10 102 103
Shaking time, t/s Shaking time, t/s
% 4 Variation in the distribution &5 Variation in the distribution
ratio of Y with shaking time. ratio of Y with shaking time at
0.01MH,S0,; O 0.06 M (HA),; different concentrations of TBP.
[(10.05M (HA),+ 0.2MTBP. 0.01 M H.SO4 ; 0.005 M (HA),.

T Dy DEZ/NES WA, 0.2MTBP (40f5EE), 0.4M (80f5#REE) & TBP SABEICE 3
E Dy BRRECETLTV S,

IKFIC Fe (1) A3LF 7 2%/ TO Dy ORRIEILEE 6 Kic/Rd o, DEHPA SKBE|THN
1E, Fe(M) HEFFEL TH Dy ZEEZ T Fe (1) PHFELRBVWIGEDORERICH » o EKE)
2LTW3, £/ Fe () MKMHICEREICEAEL TS, 200U TOERKEOMHTIE Dy 3R
BEODTMIETT 205 TREREERZI BV, Lo LAO~8MOIRE > T Dy 340
o ERAEE S Y, TR EILITEDT 5, Dy OB O Fe (IT) & TBP 4%
HETIHATRIELICFLL L5, Mo TR HEEOKRE WY BELHNICHhH &
n, Fe(ll) OLFOEEIZI VA, ke DKM I o hKREI Fe (D) AHliHEH
57267 )—® (HA), DEESBLL, DyoETE2bk06TEEZ N5,

HHEEANDOREOFEE TR & T A, Dy 345C235°C225°C>15COEMIC & 5 2%
DERNEL, FHBENEOHBHHTEICET 2SN, T OREHFETIZ200
Wolke > TH#NcET 5 T RS M,



—7%, —EDRE (25°C) TH]KRE H&
BAEZ IO Dy OFLEE T KITR
T P& HBEAKE VI IR THY
HPEICET 2 8005, BEIIR
RAHEE 2 5 01 5 260[8] /73 Dk &
5 THECHER D 2o

3.3 & () OHHEE

Fe () OAECL Do, ~NDIRE 5 HEE
DHEBEHEIHITIRT, RkE H5HE
As6dlal,/ 3dx 5260l /MY 5 &
Fe () DM bHIF T & 4535,
LU Fe (I1) OffiH I3E < A D260
B/ 30iRE SHETH, SBECHAEHE
IZET 310132,000W L EEE S B, Do,
OFEEIZI0*ITEL, Thid Dy OF
HrfE400~500& b b RE L, FHIRET
ZFe oA HHEN P T VI EERL
TW3,

Y & Fe (1) ol HERE D 2% % F|H
TB5EFe(l) &EYDOREHCHATE
3LEZONG, BTXBLUVESNT
BONEAEEA S Y & Fo 05 BERI
a (=Dy/D;) ZRFEEdD, #RESK
e 3 2 BB £ 9 RITRT, ke D
%3260[8] /53 LV HE IE Y 1 B3
CEWAERIITEL, 0MHIRT a3k
RDA00:E< 12785, LA L166[E], 53T
BY OHHAEL 180 a DFRKAIZ2008
fhiticisy, ZoEHES BB, 51T
BULIRE 5640,/ 92T ad3/hE WE
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Shaking time, t/s

F 6 X Variation in the distribution ratio of
Y with shaking time in the presence of
Fe ().
0.001MH,S0,; 0.06M (HA):; *=***no
Fe, A\ 0.006M Fe (1), A 0.02M Fe
(m), W 0.2MTBP, 0.02M Fe (II).
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Shaking time, t/s

87 Effect of shaking speed on the distri-
bution ratio of Y.
0.01 M H,SO4 ; 0.05 M (HA)..
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BT EBHYEEL SN B,

§4. £&£0

Fe (II) AT 2B 5
DEHPA & Y () A
T3 HOEBIRETZ L,
DEHPA A KBRETHIULY i&
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kb (HA) 5Dl 185 &
Dy DIETHEI 5, Y O
HWERARE S EREOIRE ST
SYficET 5, —4 Fe ()
O S HAEM 1%
T3 REREEET 5, Gk
ot TR Y hEsernc it
S Fe () £EORERIX
IRV, R ST &
Fe (I) & hT7 ) —D
(HA), DB/ L, Dy 3
B9 5, Rk (30 EIH)
DOFEVWIRE Sk Y, Fe(l)
DAL T Y 2Bl
He 22 EHBEUTH 3,
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Shaking time, t/s

%8 Effect of shaking speed on the distribution
ratio of Fe (II).
0.05M Fe (1) ; 0.01 M H,SO, ; 0.05M (HA)..
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#9 Variation in separation factor of Y to Fe with
shaking time at different shaking speeds.
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TRV IV —TOH A ITEHB LT,

& % X fik
1) G. M. Ritcey : Iron Control in Hydrometallurgy, eds. by J. E. Dutrizac and A. J.
Monhemius (Ellis Horwood, 1986), p. 247.
2) G. P. Demopoulos and D. L. Gefvert : Hydrometallurgy 12 (1984) 299.
3) J. W. Roddy, C. F. Coleman and S. Arai : J. Inorg. Nucl. Chem. 33 (1971) 1099.
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§1. IILHIC

I, BRAERINMKILE IS > W TEHOERS TR, BERDTROILEMBIZEATH
%o fil% DKINTIZZ D KILFEE DL EOR#nd 5 & & bic, —RINCAIIBAICH
JEARINM KIS T OILROBEENIC ZILEE B0 5N 5, BIlKILETICB T 2 TROEE)
KBELTRINE TS —BNSHEIS TSN TETVE Y H, BEORMIcBWTE0—i
IR TR L S BET & e Blid 2 < 72w,

AT, FHRIEAMIMIC AT 25 SBEKIEHEICO VT, ThE TIOtETREMEE
BRERL IO BENIOFRERICS LD, BLROBEHEWEIT 5, chooKLIEFIBL
TR, BTROBRE L ZDOILRIRNTHEE ORICHOHBEGED b b, £D LS BENH
THRVPRNTEEERE T 2Ich - Tid, FIREARO EBMICHELZVWEWIEI LS, &
TLROEE)E, —EO KSR TR RERE N 3 RIRERO, ERHE & YA ERIi
BHoNBHFBIMRICER LT, Z0RG»>EhN 5 2 HOBNERIc L vitidT 3 5%
BB, TOESBDHD NS X — 5 it K TROBE TR 255, ZOMOEMT
BB 20, R2HMREREHONE, &5\ IR L 7 —HOMRELEKE O
sl E LCRIFEICENSOTHY, & EEOHRNSIHRVICOHAES DT 3,

8§ 2. KREEICEITZTRMOERBREETREOES

Yoshida et al.? BEMED 7 vH ) KB > W T RBEOHBRK A EH L, TED
BHEERL TV GBLE B, FIRDbObOELSIC, FMBT VA Y KILEHE
KBWT, BLERRZOBEHICLIYVKREL 32BVWLASD I V=T IR ET B ENT
&3,

12@3Avavns s TVnhEXENBHRT, v/ v0bichli» THRIKRICEEST 3
BE DO ILRTK.0 EEWHEZRLTWS, SO Vv—712id, Rb, Zr, Nb, Ba, Na,
Si, Ce, FI2ED LILIEHRY® HFS TREEBFITEENS, INOHIIHLT, =7/ <MD
B B4 2B IEBET 2 HAI0R VT V8T 4 TALEEEINE —HOTENS 3,



71

B1R BMNET VA Y KA 5TRHOHBIRE,

Ti0p Alp03 Fep03 Fe0  Mn0  Mg0  Ca0  Nap0 Kp0 P05 Ni  Cr

Si0 -0.95 0.37 -0.19 -0.95 0.16 -0.86 -0.98 0.94 0.99 -0.74 -0.40 -0.63

Ti02 -0.43 0.30 0.92 -0.18 0.77 0.93 -0.91 -0.94 0.66 0.34 0.53
A1203 0.09 -0.45 0.20 -0.71 -0.47 0.60 0.39 0.18 -0.87 -0.80
Fep03 -0.02 0.42 -0.12 0.08 -0.02 -0.08 0.22 -0.14 -0.20
FeO -0.31 0.87 0.96 -0.95 -0.97 0.72 0.45 0.65
MnO -0.29 -0.21 0.38 0.15 -0.03 -0.06 -0.23
Mg0 0.90 -0.95 -0.87 0.40 0.73 0.92
Ca0 -0.96 -0.99 0.68 0.51 0.73
Na20 0.93 -0.54 -0.55 -0.78
K20 -0.73 -0.43 -0.65
P205 0.00 0.15
Ni 0.91
Co Sc Sr v F Y Ir Rb Nb Ce Ba
Si0 -0.93 -0.90 -0.47 -0.84 -0.71 0.57 0.98 0.98 0.95 0.88 0.79
Ti0p 0.93 0.95 0.37 0.8 0.64 -0.50 -0.93 -0.93 -0.91 -0.88 -0.84
Al1203 -0.54 -0.48 0.35 -0.71 0.10 0.21 0.35 0.46 0.43 0.49 0.57
Fep03 0.07 0.12 0.32 0.04 0.22 0.07 -0.18 -0.12 -0.14 -0.06 -0.20
Fe0 0.92 0.93 0.30 0.8 0.72 -0.57 -0.94 -0.96 -0.92 -0.89 -0.82
Mn0 -0.27 -0.42 0.56 -0.31 -0.17 0.75 0.24 0.20 0.42 0.55 0.19
Mg0 0.90 0.78 0.14 0.92 0.41 -0.58 -0.85 -0.90 -0.87 -0.86 -0.87
Ca0 0.92 0.89 0.43 0.88 0.65 -0.56 -0.97 -0.97 -0.93 -0.88 -0.85
Nag0 -0.97 -0.92 -0.18 -0.94 -0.55 0.68 0.94 0.96 0.97 0.96 0.80
K20 -0.93 -0.88 -0.48 -0.84 -0.70 0.50 0.97 0.97 0.91 0.8 0.87
P205 0.51 0.60 0.63 0.31 0.96 -0.34 -0.75 -0.67 -0.62 -0.50 -0.51
Ni 0.42 0.34 -0.10 0.63 0.06 -0.18 -0.39 -0.49 -0.39 -0.38 -0.58
Cr 0.67 0.53 0.02 0.81 0.18 -0.47 -0.63 -0.71 -0.66 -0.65 -0.84
Co 0.91 0.23 0.92 0.49 -0.58 -0.91 -0.94 -0.94 -0.93 -0.86
Sc 0.15 0.8 0.61 -0.63 -0.87 -0.89 -0.92 -0.92 -0.76
Sr 0.11 0.45 0.10 -0.43 -0.38 -0.22 -0.06 -0.05
v 0.32 -0.57 -0.80 -0.90 -0.89 -0.89 -0.78
F -0.36 -0.76 -0.65 -0.63 -0.54 -0.59
Y 0.60 0.57 0.75 0.80 -0.08
Ir ' 0.95 0.94 0.89 0.78
Rb 0.95 0.90 0.85
Nb 0.98 0.71
Ce 0.71

Yoshida et al®? 5B, UV VFVF—Fidlee et al® BFHLTVWS,

CHICBTBDE LT, Co, Mg, Cr, V, Sc, Ti, Fe®*, Ca, Nifi&#3iF 503,
PlEnA vavrs s FVRRBESTIRI V8T 4 TVTHRBVTRS SO0 DMt LT
BWIE (f ¥ a vy 4 TUitk), 5VIRE (337 4 Tsek) OMHBERL TV 3,
IhopikRicH LT, Y, Al, Mn, Fe*, Sr, PV o tBE=Z0 S/ V-7 DIHRMBELEL,
TN 5 DB SI0, 0N & ERNEHEBEEZ RS LV, T1b5, v/ vt REic
WA va vy o ZnHiReE LTEB LR, 2MLoghh SREOHEYHicldEnT, =
VT 4 TWIEHRE L TEET E LI BITHRTH S, TNODTRICOVTD, MEREARE
OEFEMICBVTIE, 437 s TVRELTEET 0L LTHS T EWFIEET
»5,

BE, K.OBEBERSPTRESBHEICREST AP ELS, SIO, ELmWVIEOHE%
RNV WoT, KO BZENLDADEE « BITHRE LD LS BHMEELOLEHETS



P AT A A S A8 A T T L o 0 1 - Y A7 T A STV AP - 3. SR O A = 31 S VY. 2 a2 oo O ot

FIK BNE7 VA Y KIS 5RO FHERE,
Yoshida et al.®? > 55I1H, AU YFNVF =i
Lee et al.¥ Z{FEHLTW 3,

T&ic&ky, SiO, DEMPES BTLROBENERBETEILNTE S, TDLHUHIZEH?2
iz 2R, 2R3, BNE (Jejulsland) @7 v ) KILIEY iwBiF % K0 i
X9 5 2 MDA DTTHROMBREOZELE L bic, BT 7V A, =7 a5F5KLDTIVHY
KIE®, FREEARN, BEERIO 7 v VKIS, BRI, ERKLOES )Y &0
w7 TAYKIED, 125 TR/BEKILOET VA Y JLTA R EANT T A )KL
IZOWTD, K0 iextd 2RI & > TR ITROBEEZ2 X L1KTH 5,
=7A5F5KLUTIRS, F, P, AlEW- RN KO EEVIEOHBEERL TV 3,
Z LT, Mn, Fe*, Fe®, Ti&\ oot HEREERL, Ca, Co, Mg, V, Sc,
Ni, Cr#2&REOHEB%ZRL TV, Ni, Crid—#ic SiO, OB L THEEBEEII
g 51Dt K0, DOTIRSIO, b F VHMOHEBEERE LV, IO 5> VWTRIERE
W} 2 LItk - TRVHEBREME O 0 S, NBEKILO, HiETvA Y Y LT A OB
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10— 0 povecs
KZO KzO
+05 +051 ’ R
ro ro
0—o Nyamuragira . *— Oki-Dozen
o leju Island o—o Jeju Island
-05 -0.5}

Rb K 2r Nb Ba Na Si Ce Y Al MnFe*Sr F P Ni Cr Mg V Sc TI CoFe? Ca Rb K Zr Nb Ba Na'Si Ce Y Al MnFe¥ Sr F P NI Cr Mg V Sc Ti CoFe? Ca

*—e  Aoso
---e Jeju Island

=0.5f e Jeju Island
—e Hachimantai tholeitic rocks
©0-=0 Hachimantal calc-alkali rocks

Fol =7A5¥F35, BEER FHE, ARBEKLDSSOKUSCEBY BK0 x5
HILROMEERK O E L,
FYIFIVF—Fd, Aokiet al.®’ (=7 25F35:KL), £F° (BEEERIKALD,
|ES? BRI, FHESY GUBEKIL) 26,

&2 Rb, K, Zr, Nb, Ba, Na, Sr, Ce, Y, P &> kitiHh K0 &fred T\ IEDHEY
%2RLTW3B, —4, Ca Co, Mg, Mn, Fe?*, Sr, Al £\ > 7:t#F K0 &0 HiHRY
ZLTVW3, TNHDTRICKLT, F', Ti, Ni, Cr, Sc&EDTFEIFK.OL DHEAME
Vo NIBEKILOA VI 7uh ) KILECBVW TS BEEROBEBED LN DB, 1
L, KO ixtd % Na OHBREL 20, £/, FAKO LIEQHBIZRL T3, HEAX
LhoiEa, NEEKLERZZ/HELT, Nb, Ce, Y, P&V tEROIEDHBMEN T
&, Cr, Fe*?, Ti, Sc ®IEOMBEMHNC LB ENBT 6N B,

BEAMIAKIL 7 B v Ml AT BET VA Y Y LT A FNEKLEEIC B TREMNER
EEatid 37 vh ) KIIEEICHE L THL T K0 X UCHHBE T 2 TRAZ W T &
Mhrbbhd, 20, KUIERCLAEAZESZE, Th Y KLETIER K0 &IEHEBET
BLENEL, —H, BTVHY Y LTA FVEOKUATIR KO EFEHEMT 2R8I
BEVSHREIPED 5N B,

LI Eoitiids o bbh s ki, KILEEMKRT 28Tk IE, 260 S0, wt. % HHEMT
BBICRTEENCE - T, RO A>D I NV—TIHETH T ENTE B,

(1) Si0z, KO EEVIEOHBEERT ILHR=1 ¥ a3 ¥/¥F 1 TVILHR

D7 =71t Cs, Rb, U, Th, K, Zr, Hf, Ba, Na, FRENEEN B, 51T Nb,
La, Ce, Sm, Eu, Th, Yb, Lu, Y& W o/e b I NIZET B ML, LXTSr, P,
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Al, In&\Wo RN K0 EIEOMBERT T EBFONTVE, ThOEDILKRRBEDH
12 Si0, DML S BMERMBEIL B WL 2 OH T/ V=T IcpfTE %, Cs, Rb, Th, U
&V o fgtk IR Si0, DM LEY K0 ERIREDRMIZ /R, THICHf, Zr, Nb, La, Yb,
Lu, Th, Ce, Sm &V e TEMEEE, Y, P, Euy, NaB EFOBHBRZNIIEKREL
AR

(2) Si0;, K0 LEVWHEOMHBEERT ILHE=2 V7 1+ TIVILHR

D7 V=TiTid Mg, Ca, Co, SchEMEENS, Fe’', V, Ti, Sr, Mn, Fe® 4 &
BTDINV—TIREENBIENE N, Tz, LZFIIP, AlE L EHREM K0 EHOHEM
ERTEBHONT VS, ThOEDTEHEDSH, Mg, Co, Ca, Fe**, Co, Sc, VEED
Si0, DI ES BDHRIZH LT, Ti, Mn, Sr, Al, Fe®, P7&& /D RIMExMI/NS
o

(3) SiO., DHMMTPEY, FEHBIHHICDT 3 1wz K,0 & OFBIBE W ILHR

O NV=TIBTBDIRINL, CrTddh, ZSuv—7QRIBY 3RO —E 6510, DM
R, TEEBEEEICED T A T EBRISNT WV B,

4) SO, DTk, A va s TuRELT-HEML DB, BPTH D
SEMNTEIRICE D A g h, Do voes 4 TR E LTRO LTV B0k

< 7 < DR KRR BWER ICH 5§ 2 M OREIc LD, O/ NV—TIKBT 5Lk
OFEFAIZZEAL T 325, Ti, Y, Sr, Fe?*, Fe*, Mn, P, AIBEHNLIBLIE DS V—TiC
B9 3, Ce, Nb®ZDMDMER A v a v 35 4 TWEREDFI NI LRI BEE L L ICE
WTCIDT V=T DRUERT I EBHSNTV S,

D355, BDEAITIIEHERTEI &L S0P K0 EEVWADHBESE LN 3,
WoHEIcd, MEDBEPDA vav s 4 TUTERELTEHL TV EEETIH KO &5
WIEDORIZEIRT, Fh, WO/ V=T ICBT ZLED 55, Rb, Zr, Ba &\ > iR bk
T vh Y KIEEEREICBWTR, MeoXKicles &, a7 4 ke LTEHT
BEANEBI >TL %, ULoffic, KF—5 Z0b00nHF DEEN X Wi dHIcHHRE
BEVEVWS 5BHOr — 2 bHFHET 5,

§ 3. KEEDTRITMMEILIZRNDERD S L\ [ERIRODHTIZH
HADEREEE L OBE : Aramaki et al. ¥ RHAOEMEEE AL LU hIBRL
FEROAHTET, HOXWbDEMN200EERANE TS, Zh 5 Differentiation
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index ZHEHINC & - 7B LY OMRZE LN L CHE S ERORERT T L 2RBDI, HHIBT
DEYREREH VT HAOEMEEEAOESHREEH L, SBIMOELN, BN
BURERRD/ ¢S5 2 — 5 — ; fHZ LY (D.L=T51c8F 3L DIERE) 2HEEEEE & bic
RLTVW3E, BHEADOEEMEEEDEA, Na0 EK,01dSi0, LIEOMHBEZEZRL, Zhll
ADIITIZHDHBEZIRL TV S, WTFhOFE SHBEORE IR XbD TEL, S,
RYINE WV,

JNIBEKILE DBE - B cHE L7z k5, KREEHBRT 2 tH 372 0%EIck - T,
REL AT V=T RHET B EDTRETH B, HIT/ V=7 1)E@Ic>VWTIR K,0 B 5T
I Si0, EOMHEBANEL, Ei, IVv—T7BNC oV T HHHBERT A LItk DRI E W
BAREZ18 5 S EDTRETH B, LT, K,OH BV SI0, #MVEHKEL, Zhdic
LT, HBESEOWITRHOBELEBERE LTRS T EMNTREER 3, t-T, LRI
OWTIT b LREIBEOEYRAH 2ITIES T &tk v, HED K03 30 ik Si0,  wt.
RITBT 2RICRBEEHET 2 EOHREE 185, FHHSY B/UEEKLASDET vH Y
Y VTAEANT TR Y BRI OEAAITRT HREERES LS LTS Db i H S
NBT Lo, TOLSRGIHOMER S FICHRIIOMP MR EERET 2101, Thb
WRAIR G AR R LR o LT, B B T3 (curve fitting) %1778 > 72,

ZOFER, WL OHhDITHKIR SIO, LEMEBREET 34, o BIEBEBEZERLT
Wp T &, FEREBARERTIER S T ORI REHEERT 2 LItk VERERTE3C
EER LT, U EOHESABELZBEIT>VWTIR 2ROZFRALEB L >TW 3,

BT VAY Y LT A FRAIDERICOVWTIE, Ca, Ti, Na, P, So, ColdZDFET, Al
Mg, Cr, Ni, K, Rb, Cs, REE, Y, Nb, Hf, Zr, Th, U R ERT 2L ick
D Si0, L DREIFEMREH/ TS, LT, 28 Mn, Sr, Znic>WVW TR 2 Rl EFAWT
W5, —H, B 7vh)RIOERTBWTIE, Mn, Mg, Ca, 28, Sc Co, Zn, Sr,
NaP,%M%Gii;m,&,M,ME(M~WﬂIEILF,K,MLY,Nth
ThiZ OWTIIHBERRT 5 itk Si0, LOEYRERZEBTVWS, BEDSH, K~Th
13 Si0, BEZWHITHMEMSE T T 20T, ZoHMc>wTik 2 kg2 A VWTHELTL
B0 EBTNVAYVLTARMRINBLIOA NI TUH Y RINCBT BERITHEICOVTO S0, &
OHHBEBIROERIZZ D F FMRFNITHB T 3 Si0, DM & 725 TEROEE D 21561 IH L
TW3, WRINCBIZROKRELEBVE, BT VA YV LT A FRVITIRIFEBEIRICS -
7.2 DILFEMB AT T ) R TREIEBRER > L TH B, BIZIE, ETrvhy VL
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74 FRIITSIO, & IRREBARE o 2BkEP MgO A vy Tvh Y RFITIE SiO, LY
BAfRZERL TV 3,

§4. 4 vaVF 4 TITRICET S “ FERNELZKE " OFE

Aramaki and Ui® R HZEXOKILGIBFT BT VA )<y EVFRBET 2R ICENVT,
Ks® K@ 2R 2HEERL TV S, #5READHELHIKILEIC>WT S0, —K,0 X
g, —HoO 50, T 5 K.0 OMKZEL#EE (variation trend lines) % standard
set of trend line & L THEHE(L S 5 T EHSHIFETH O, T D standard trend lines (AFHICH
WT, PUF Tl R LR R« L iiib 9 5) ZIRATREL 1o,

Z X (0.365%8Si0,; (wt.%) —1.0)—3.65XK,0 (wt.%)=2.46 (0

ZORTZ13d BHED standard trend line (REEEEFHEZILREREE) 1cBHd 2 EHTH %,
T D Si0, 13T 3K ,0 OEAEMRE LR B oMK 1E, Gill” 2% high—K, medium—K,
low— K ZIE o aFEIcBE L TH Wz 510, —K,0 BAfRIK

K,0 =0.145 (5i0,)—5.135 (2a)

K,0 =0.0818 (Si0,)—2.754 (2b)

K20 =0.0454 (Si0.)—1.864 (2¢)
EEDLDTHMMNL D TH B,

Aramaki and Ui® 2 FISR U-BARREAHWA Z Lick Dy, K—value (ZDEEIE Si0,=
60% I B K0 BE, Ko ZEHTIRAEZBALK,

1.19XK,0 +0.804
0.0365%5i0,—1.0

K.0 (5i0,=60)= —0.674 ()

TOREHVWB T EIckY, bLbBKIED Si0, s 5K.0 DR LR 5 43
IR U 7 BEHERH RS (LRI RE (standard set of trend line) DWEFNDIZHES HEWIE, —HD
DT =505 Keo ZFHET 5T EHTREL 185,

T D& D75 510, —K,0 KIiB & 2 BHEMR A LR BEBF (standard set of trend line)
OFAER, SVEZ 3L, HRERE, 74b bR LER ORI EZITRDRE IR
FELTWBIZEAEELTWS, Dickinson™ 13 Si0, —K,OMicBW\WT, H3KLUEFERT 3
—#D< s i}, BE—AKOBEKLICAREN, TOERIKODEBESFGVWIEEEHENE
TH2BILEEMLTVS, KiFOEBOMHE OXLIZMMERM L HRMERIC BT 57
7= Lt L OMDOARBEOBNVCERLTWE EEL TV S,
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ERY 3 oMEEFLCHEL, Si0, —K 0K EicsW\T,
x=DBIOREE FE< /< x=0, $XTHBILREx=1)
Ko=#t:< 7<= K,0 (wt. %)
K=2BIDORRE x DD < 7<= D K,0 (wt. %)
So=#tE= 7 <? Si0; (wt. %)
S=RIDFREH x DB D= "= D Si0, (wt. %)
Dx=K:0 DRt &K & D 5RO ST EFREL
Ds=8i0, DY & ik & DLYRID SRR

LB, KRHUIRSIERZENEN

Ko~ SK* Dy dx

K="t ()
SZSO_J‘S'Dst (5)
1—x

ERENBERRTVE, TOBEA, S50, —K0 K ETOMBEE LR OERIZK & S TH
HLbDTHY,

dK _ K(1—Dx) ©)
dS sS(1-Dy

tEkEhs,

TIT, D Ds%ESBIOBE PO OTELRETNE, V-V -5 EHTE,
K=K, (1—x)>*! 0
S=S,(1—x)>" 8

BEoNnB, I, B (7, QHXENRALT
dK _ Ko (1 =x)>"™ (1 —Dq) )

dS So(l_-Ds)

EVHIREBB I ENTE B,

W LKLY BT BEBED Dy, DsDEENEFAN, THOOEMIRIT—ELTE
D, L= —RBERETEENRYTHEIEERLT VWS, &7, x, Dy, DsDEDE
BIREZREIL, Si0:— K2OKETOMBMEB{LEROERMCRIARELEEEZSITVEO
RK,DETH D, ThskE s, 60%EEOE LT, tRotdrrE—ELRy, #
RIS A ER E 72 - T, HRMNTEE 2 EERLTVS, THabE, ERY KINE, &
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SOMEVERNC & » TH U fe—# D KIS Si0, — K0 K E T < M L1, 2 IXER
L1y, ZoEMIR, ME< S <hTOKOBICk > THREShTEY, KO0BDMME L
biTERNIAICE B,

Si0,— K, OMBZELKTHE b h ke Lok, KOLHUOXEZ S 5o v 2 o3
74 TVLROEHCH L COBEATE 33T TH S, 745, HEEHSHTT/NES0A
vavry 4 7V (E) i20To, SiO 2l & - AR LR IE, BIFERE
1Y, ZOERBIE< S <IcBY B3MELREE (B) K- TEEY, HEC S wHT
DOEESHMT 5 & & bITHRELEROBEM IR S, Ttk >T, Aramaki and
Ui? 12 & - T Si0:— KON L T% OFFAENR S N 7 R ZE (L2 BE R (standard set of
trend line) A3 ¥ a ¥ ¥F 4 TR RRICBOVWTHELET 5 T EMBHRIES N B,

§ 5. EHEAUBICHITS " EEHEME LIRS

Hiffi T~ BRE K OLIADTERICH L CHEAT 31ch 2> T, KRTRKROLSBF
N HE - 72,

(1) BT 2 KILET— 5 £y F OFER

2) BHAWTLRICDVT SiO, ikt 2 MR K 2 &, REROEEe, LU

(Si0,= 0 %8BT BIEE) 2HHL7z, BB, BEHILHd-> TR, SiOHLTF—%
£y b AEKE L TIRETERRIC W E TS 1B ICHRITO VT b R R OR b
B OERERS DA ZMH L CEFRERE KD,

B) BRI >VWTE LN EREROBRE e icH L TUIREb Z 7 B v F LK%
< o HEMTHRERE EMHET A TRICBVTIR, ZOERMEqicHLTUIREb %27 oy
P B EICK DN ABRIERRERET 5,

@) BRIV Ta—bN b/ EROMEE A LU BEHEAEL, IhzEE
HIBRZ LR B ORI W B,

S, MREREA~ORIREREZFTE L 72kl BIEAMNIKIL 7 v ¥~ flKL> 5,
TERKBKLUDET VA Y Y LTA M BOBIRENIILES H vy 7vh YEDR, FHAKL
DEA YT LAV THVED, NEEKLOETVAY Y LTA FESTIRZNICHES H
I T A YES, BINKUDET VA Y Y LT A FROICEISES Ivy 7vs Y EHS7,
BHEAKLDET VH ) v LT A BHEAN, e 5, FELEHY O, —0H
BRLUOET VI FRRERFIKILES, FFKLEHY®, BEEEAR, RESRKLO 7
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wh Y kilEs®, gE, BNEXKLOT v ) KIEY, K778, =7A5F5KLD7
WHYZERED, LT Aramaki et al.¥ I & 3 BADILEEESTEHEKRTH 5,

INSDEKKE I V=T EESEDOF— €y b & LTREARERE LTR, E—oikhic
DVWTOHRNEZEHMOITLRICOVWTORHF— s Dfii-TW3 T &, KREEEEECHEN
EWERKIFSDWTOMTF - BFIHTE B2 &, 185 BEER KAV UKERS
EEUTE, L ThL b, BUAETATENTEY, SRESHi-Tw3a I &, T4
bbh, EILREKEIC B 2R TR L 3 NREREGATVWE T LB EERT S
N3,

BHBRZA RS SRRERERD 2 I L TR, —EHOMERIc X DAL EEEE I
SOHEEINTVE-HOF—sE2HW, £/, HBlLdk-TR, F—sB2kELT
Si0, DEALITX U THIERNICEILL TV AR RZ0EF ZN 60 F — ¥y T RTEH VT
JREBEHE L, 2tk LT, Ric b7z & 5 icfRE boBE 728 Si0, o Xt L T Bk
BEEBARICE K, SI0, DM CHRE LR OERSEL LTV B K S BtHico»
Td, BHBRERED > bOKOEHRENTOBELRLYZHOTRIRERZEHRTZ &1
£V, FTF— 5 PEERICRIENS 255 2RV TR, TXTOHTT — 51t > W TEYRE
BEEH U, $f, BUTRIEODVWTELRZHECEINRF - 0835 38813, Lok
BEORWHONRERER W, HBEEsH MEBRISI LT, RERThEF— s
LEXICEDONBILENMH B, TOLIBERBERERRFICHVSE T -5 €y b SERA
Lico 88, ThooptBE#REZLDIE 2R, B3I ROEMORIA A7 — 5 0w
Tlitkd, TOEIITLTEKLEERT 5 KLEOHMBREEB~NOEREIFILVES
nicfiZ a LUR bEHVR I LitkD, BKLICBT ZEED SIO T 2R ILRDERE
EHETEIEMNTE B,

£ Iz, HEIEARMIMA» 5D 6 2D KILFE TS V=T 5B 50 4 >ORBEWETHRIT >V
TOMBEA BB E TR T Zr, YbEW oA va vy 4 FULRICBVWT, FPREBD,
AT EBHMBREBREEOER (EREH, line congruence) =HEHEMR Z L B IK# (standard
set of trend line) BB SNz, TNODITRITBWVWTIE, HBRHED SIO, KB 38 85RH7
V=T TOILRBER T DEG T IV — T ORI LEROERI EHBA L TR, Mook
DOEREMEL 185 LHPIL THEROBREL S, RICBHBITRESNTVA LT, TOHFIRR
i, EHEHREREOERES R THRRONTWE I itk b, ARV F—%€y bick
WTid, MERERES S 5 —/8 (MORR) THALN S & W BRS, HRlic PRI A
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F2x KUBHOBILHRIZTOVTO S0, X s 2 BYREROWEHE (a)o

(a) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ada-TH Ada-CA  Aoso Hat-TH Hat-CA Oso-TH Oso-CA Usu-TH Moriyo Itinom Risir OkiDog Jeju Nyamur J.Gra.

Al,04 -0.37 -0.19 -0.19 -0.46 -0.07 -0.20 -0.10 0.27 0.27 -0.04 0.11 0.14 0.35 0.96 -0.29
Ba 10.87 24.54 11.21 2.41 9.47 10.81 10.80 12.45 22.79 45.88 17.54 105.9 73.37 138.9 -
Cca0 -0.32 -0.24 -0.24 -0.38 -0.49 -0.35 -0.34 -0.24 -0.24 -0.37 -0.51 -0.40 -0.45 -0.63 -0.35
Ce 0.87 1.69 0.17 0.89 2.96 0.46 0.18 2.14 1.21 0.66 2.25 15.74 8.23 16.49 -
Co -1.49 -1.56 -1.75 -1.26 -1.45 -1.58 -1.87 - - -1.78 -3.14 -4.76 -4.38 -7.76 -
Cr -8.49 0.93 -4.86 -10.04 -4.40 -8.24 -3.43 -6.78 - -18.15 -24.67 -33.73 -27.39 -19.99 -
Cs 0.01 0.25 -0.01 0.02 0.05 0.02 0.14 0.02 -0.11 0.24 0.03 - - 0.23 -
Cu - - - - - -0.91 -4.72 6.24 - - - - - - -
Dy 0.21 0.13 - - - - - - 0.22 -0.05 - - - - -
Er 0.13 0.07 - - - - - - 0.15 -0.00 - - - - -
Eu 0.03 0.01 - 0.05 0.09 - - 0.09 0.08 0.03 0.04 - - -
F 15.97 21.73 - - 31.61 2.20 3.03 - - =-0.01 - 49.69 133.9 106.5 -
Fe,0p -0.12 -0.11 -0.17 0.06 0.05 -0.00 -0.12 -0.09 -0.47 -0.04 -0.05 0.12 -0.07 -0.27 -0.09
FeO -0.07 -0.38 -0.19 -0.03 -0.42 -0.34 -0.26 -0.15 -0.18 -0.30 -0.31 -0.40 -0.40 -0.34 -0.26
Gd 0.19 0.12 - - - - - - 0.22 -0.08 - - - - -
HE - - - 0.24 0.27 - - 0.10 - - 0.21 - - - -
K,0 0.06 0.13 0.05 0.06 0.16 0.05 0.05 0.09 0.05 0.14 0.10 0.24 0.24 0.41 0.17
La 0.39 0.96 - 0.84 0.85 - - 0.71 0.10 -0.16 1.40 - - - -
Li 0.71 -0.57 - - - - - - - - - - - - -
Lu 0.02 0.01 - 0.05 0.04 - - 0.03 0.03 -0.00 0.01 - - - -
Mgo -0.26 -0.21 -0.25 -0.32 -0.33 -0.32 -0.28 -1.12 -0.60 -0.44 -0.57 -0.81 -0.76 -1.42 -0.18
MnO -0.01 -0.01 -0.00 -0.00 -0.00 -0.00 =-0.00 -0.01 0.00 -0.00 =-0.00 0.00 0.00 -0.01 -0.00
Na,0 0.11 0.06 0.10 0.07 0.08 0.08 0.10 0.16 0.19 0.07 0.17 0.18 0.17 0.31 0.05
Nb 0.26 0.34 0.10 0.23 0.32 0.19 0.11 0.29 0.96 0.20 0.50 5.94 5.05 14.26 -
Nd 0.51 0.98 - - - - - - 0.59 -0.11 1.01 - - - -
Ni -3.89 -0.05 -1.61 -5.94 -1.29 -2.42 -1.95 -6.53 - -8.63 -12.95 -31.72 -8.35 -23.20 -
P,05 0.01 -0.01 0.00 0.01 0.01 -0.01 -0.01 0.02 0.01 0.00 0.02 0.05 0.06 0.09 -
Rl 1.13 4.68 1.09 1.71 5.21 0.58 1.25 1.09 0.59 3.98 1.23 2.01 5.34 10.97 -
Sc -0.03 -1.39 -1.05 -1.07 -0.75 =-0.66 =~1.12 1.74 -1.89 -1.78 -1.41 -1.01 -2.63 -3.35 -
Sm 0.17 0.18 - 0.40 0.36 - - 0.29 0.21 -0.04 0.18 - - - -
Sr -2.65 -4.49 -2.15 -4.04 -4.02 -8.72 -0.73 16.72 5.74 -6.50 9.26 11.01 -14.67 101.23 -
Tb - - - 0.09 0.11 - - 0.04 - - 0.01 - - - -
T-FeO -0.19 -0.48 -0.37 0.02 -0.38 -0.31 -0.37 -0.26 -0.61 -0.33 -0.33 -0.30 -0.47 -0.59 -0.34
Th - - - 0.36 0.45 - - 0.08 - - 0.27 - - - -
TiO, -0.01 -0.04 -0.03 -0.01 0.02 -0.01 -0.03 0.04 -0.03 -0.04 -0.06 -0.10 =-0.22 -0.09 -0.04
U - - - 0.10 0.10 - - 0.02 - - 0.06 - - - -
v -12.21 -18.99 - - - - - =2.03 - - - -11.38 -20.85 -44.52 -
Y 1.20 0.65 0.48 4.49 3.37 0.89 -0.01 2.16 1.12 -0.16 0.61 1.80 0.45 1.39 -
Yb 0.13 0.08 - 0.35 0.25 - - 0.16 0.17 -0.03 0.08 - - - -
Zn -0.93 -11.95 -1.20 2.48 -2.26 -0.91 -1.94 1.65 -0.49 -5.27 1.34 - - 10.71 -
zr 3.24 8.42 3.36 4.16 12.42 3.21 2.79 6.61 18.02 3.34 0.31 28.78 34.71 21.14 -

Ada—TH, Ada—CA : ZEXRKIL, ET7VAY VY LTA PROTIZANY

FIH VEB O Aoso : FEEKIL, EH Y v AH s TVA YED, Hat—TH,

Hat—CA : /B KL, E7 VAUV LTA MBOBIRA NI TIVH VEY,

Oso—TH, Oso—CA : Zulikily, E7 VA YV VTA PRSI ANVI TN

HYEE D Usu—TH : B, E7vAY Y L7 4 b, Moriyo : e K

(LI H® 2, Itinom : —D HE KL, &7V + XRAERIIKILSES,

Risir : FIFLKILIEHI#®, OkiDog : BEIRERIKIL, 7w ) KILES*, Jeju:

BB L, 7ua Y kA, Nyamur . =7 &5 35K, 7rh XK

#9 J. Gra : AAROIEREEE MR Y
VA YT 4 TIIEEOARTIEL, IV 8F 4 TVTREEGUKEYDOEE « MEBRDITHRIC
BOWTED LN, FIRITIE Al O3 & CaODEBIHPWTEFDHTFERLIZ, ThbHD
FELEIIBVTS, S0, 2R & - 7B LRIEE D S 28 ED 1 MICPUORT 2 HT
MBI RENT WS, TOT &L, v ¥F 4 TVTERESLINSOITHRIIBVWTD, &
3 Si0, Bic B 3 TRERE SR URBOEE EAFEWIHEBELTWA I EERLTWV S,
Z0 &S HBHEEIIER, BRYEBRRTVWBE LS, Si0, ZHEEc & - o HERE LK T oK
LR DIERID, FIE< /< TOTRBE EEITLRICODVWTO Y /v LG E O TOSE
FRICEEL TR ERBERLTVWA EEBbNn 3, SROFELVRIABSLETHA I, T

I, DR S OESHREINT VWAL va v T 4 TVITHRICBVLWTRYAE< S
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FIR KILEFHDORILRIZDWVTD SiOicx 3 2RIFEROVIFE (b)o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ada-TH Ada-CA  Aoso Hat-TH Hat-CA Oso-TH Oso-CA Usu-TH Moriyo Itinom Risir OkiDog Jeju Nyamur J.Gra.

Al,04 39.35 28.11 28.97 42.99 20.30 29.73 22.79 2.55 1.99 19.30 11.11 10.95 -0.85 -28.36 35.62
Ba -466.7 -1135 -421.9 201.9 -265.0 -491.4 -435.9 -494.3 -885.8 -2463 -746.7 -4104 -3114 -5273 -

ca0 26.17 21.07 21.10 29.64 36.43 28.60 27.91 22.80 20.91 28.59 36.08 27.56 30.15 38.84 27.48
Ce -34.78 ~79.49 6.36 -38.79 ~158.3 -18.03 0.27 -101.7 -37.74 -0.58 -87.68 -645.3 -347.5 -605.3 -
Co 106.6 115.1 122.8 99.01 111.7 112.2 135.1 - - 124.0 206.6 263.6 256.5 398.4 -
Cr 514.6 -26.16 332.0 594.4 325.6 492.9 226.3 387.9 - 1173 1444 1782 1477 1065 -
Cs -0.56 -13.98 1.49 -0.84 -2.16 -0.94 -7.86 -0.80 7.57 -10.68 -1.06 - - =-9.48 -
Cu - - - - - 143.7 329.7 -256.1 - - - - - - -
Dy -7.53 =-3.30 - - - - - - =7.34 7.39 - - - - -
Er -4.57 -1.25 - - - - - - =5.24 2.80 - - - - -
Eu -0.67 0.54 - =-1.65 -4.21 - - -3.83 -3.49 -0.54 -0.36 - - - -
F -661.8 ~892.4 - - -1620 7.15 -68.95 - - 266.9 - =-1411 -5680 -3548 -
Fe,0y 11.11 10.72 13.53 -0.06 -0.04 3.04 10.66 8.12 32.60 4.32 5.26 -2.31 7.60 15.23 7.53
FeO 9.15 26.81 15.01 8.52 30.85 25.39 20.49 14.88 13.71 21.49 22.45 26.18 27.37 24.80 20.46
Gd -6.59 -3.25 - - - - - - =~7.56 9.15 - - - - -
Hf - - - -11.65 ~13.03 - - -4.25 - - =7.57 - - - -
K,0 -2.69 . -6.47 -2.51 -3.12 -8.84 -2.45 -2.69 -4.11 -1.92 -5.56 -4.45 -9.26 -10.31 -15.13 -8.61
La -15.00 -47.06 - -40.65 ~41.95 - - =32.97 9.16 30.40 -55.05 - - - -
Li -31.65 46.21 - - - - - - - - - - - - -
Lu -0.58 -0.37 - =-2.34 -1.81 - - =-1.00 =-1.17 0.59 -0.20 - - - -
Mgo 18.38 15.92 17.80 21.96 23.66 21.92 20.38 64.32 37.88 30.43 36.02 44.91 43.24 70.74 13.96
MnO 0.60 0.58 0.31 0.23 0.33 0.34 0.31 0.55 -0.05 0.33 0.22 0.14 0.14 0.45 0.37
Na,0 -3.29 -0.81 =-2.97 -1.19 -2.02 -2.07 -3.80 -5.67 -7.74 -0.96 -5.15 -5.38 =-4.37 -11.02 0.23
Nb -8.97 -15.27 -2.35 -9.87 -14.56 -9.46 -5.37 -13.30 -51.59 -6.42 -18.97 -214.7 -208.8 -536.4 -
Nd -16.37 -44.09 - - - - - - -15.08 27.60 -31.15 - - -

Ni 232.3 14.18 111.2 347.5 102.1 146.9 130.2 373.4 - 557.7 757.5 1655 472.0 1144 -
P,0 -0.13 0.63 0.09 -0.17 -0.31 0.66 0.52 -0.77 -0.16 0.03 -0.49 -1.52 -2.62 -3.41 -
R -54.70 -235.9 -52.66 -86.69 -286.0 -28.73 -63.47 ~-51.55 -10.34 -161.0 -45.05 -34.59 -232.5 -408.4 -
Sc 28.05 105.3 81.32 85.15 66.60 66.06 91.48 -60.49 135.7 120.9 98.20 79.02 161.2 183.2 -
Sm ~-5.64 -6.58 - -19.15 -18.20 - - -12.39 -6.60 6.71 -5.05 - - - -
Sr 424.2 493.7 396.7 485.1 456.9 732.4 262.2 -610.8 4.86 843.1 -49.06 272.6 1240 -3624 -
Tb - - - =-4.57 -5.72 - - =1.37 - - 0.07 - - - -
T-FeO 19.15 36.46 29.29 8.46 30.82 26.21 30.09 23.63 43.05 25.38 25.74 24.11 34.20 38.51 27.36
Th - - - -19.15 -23.77 - - =3.10 - - -11.65 - - - -
Ti0, 1.35 3.44 2.35 1.21 -0.34 1.17 2.63 -1.16 2.78 3.01 4.44 7.83 13.64 7.86 3.49
U - - - =-4.98 -5.03 - - =0.24 - - =2.66 - - - -
v 859.2 1328 -~ - - - - 369.3 - - 752.8 1176 2363 -
Y -41.32 -10.65 =-2.82 -215.0 -174.3 -27.86 26.10 -91.43 -34.83 30.84 -5.48 -55.82 4.81 -34.43 -
Yb -4.60 -2.07 - -17.11 ~11.58 - - -6.39 -6.60 3.99 -1.76 - - - -
Zn 136.8 795.8 148.0 -43.03 206.7 143.7 187.7 -2.53 95.74 348.8 -1.16 - - -382.9 -
r -114.4 -384.4 -120.6 -173.6 -632.0 -138.0 -108.4 -298.3 -931.6 -104.5 152.8 -1108 -1509 -691.2 -

AMFRE2RERML,

< OMBIZ & D ERDPRESNBOIH LT, I ¥/3F 4 TUVITRTE, FIHEZ 7 < ORER
DEREZEI Y b - BT LTk, JLRERE S MRE R OM X & ORIICERTSH
BAMAEL TV LHEES N B,

§ 6. “FEHME( LR 2B TIENTHASKIUB
FARNT, F2RK, FIRTIREINTVBZROILRITO VT OMBRE R OERNE o 1T
HLTUREbZ7 oy b LtRERT, B LicE B, WTFhoTRICBVWTHHHEOM
IhRS THEAMIEBIRMSRD Sh b, Th b0 bicHidb i e BELRIC OV TRD 1 FERIE A
LYl BEEROETI/RLTS %,
T

b=AXa+B {10
ORRE YD, a=0D& X,

b=B ih)]
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Ze (ppm)
|
Yb (ppm)

Al203 (wi.%)
B
Ca0 (WL%)

) ) @ 0 10 » 50 P n ”

ES ) E) )
502 (%) Si02 (wt.%)

—m— AdataraTH —¢— Adatara CA —4— Hachimantai CA

—p1— Hachimantai TH —0— Ichinome —A— Moriyoshi

HIR RENLWL DHDTRICE W THRE LR AR T ERI 0 ZE AL,
IO DNRIZTHEOEE, 378bbSI0, DM & 73 5 HRE/LEEKD
HEDBRITHEOEE EFHEICEEL TWA I EERLTWS, 20X 575
ZIZ T S DHRE RS —2 D EINEL TV B HITAE LTV S,

k5o,

jSL 1

a

— A=

LESNBIEND, TDA BREST, HICRIARE RS — R TRET 58 (MERR)
DHEERLTEY, TOMH®D S0, wt. BB —A ML, ZITORLREBENBTRENS,
b, HEEMRECRREE (standard set of trend line) 3 HMIERZELE BB AR T 5 4
OHKIC L » THES W, tiddh s, FA4RCBEKLGEI V-TIZo0WTHONILAE B%
F LD,

FlziE, KOIDWTEAR, HBARRENTVEEDS> B, SHEOLF -5 20T
B E i A=—37.36, B=—0.87& V5 K583, Gill”, & 3 i3 Aramaki and Ui®A/R L
TWAHGEAD» BN BA=—33.38, B=—0.22E WS fHIc L {HIBL TV S, HL, 4
DFERPSEANNC I BRI OWEHE MR % H LT 2 72dic, BIEAMNEIK LS
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T 500

Al203 = a (Slope) * SiO2 + b (Intercept) + Ho=TH Ba = a (Slope) * SiO2 + b (Intercept)

-1500 -

2500 |- 3} tioom

A= -57.06, B=17.46 A= ~57.90, B = 24975

. . L L L

~3000 s L L .

~05 -0 -03 -02 ~01 ) o1 [ 03 o ) 2% 30 )

Ca0 = a (Slope) * SiO2 + b (Intercept)

+ Rl Hat-CA

r -150 |-
+ Hai-CA

A= -57.02, B=7.90 A= -5464, B =16.92

L L L ~200 L L L L L

1 L L
-ass -05 —045 -0 ~035 -0z -025 -02 0 05 1 15 2 25 3

T
Co = a (Slope) * SiO2 + b (Intercept) Cr = a (Slope) * SiO2 + b (Intercept)

0= FRGCA

= -58.14, B = 23.42 = -58.82, B = 28.04

L . L L _s0 . L s
35 -3 -25 -2 -15 -1 -3 -25 -2 -15 -10 -5 3

0
Cs = a (Slope) * Si02 + b (Intercept) Ow—CA Cu = a (Slope) * SiO2 + b (Intercept)
30 b
w0 b
i Oso-TH
100 -
0
+ ltinom 0 b
A= -5223, B=0.26 -
23, B=0. 4 rnch A=-5374, B = 8323 -
. . . s . L L . " s
0 005 o1 015 0z 025 03 -5 " ~2 o 2 4 6

FAK BILED SIO T A E o EUIHE b EAR T EERKR, 8
5 E DEAEOER A EYIF B,
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-3

Dy = a (Slope) * SiO2 + b (Intercept)

bl

s b

-1

3k

Ada-CA

Er = a (Slope) * SiO2 + b (Intercept)

+ Morio
= -47.56, B =286 = -51.40, B =237
Tom on aw o an an em aw w e m o e 207 v v o o 012 0B 014 015 016
1 500
PAge-cA Eu = a (Slope) * SiO2 + b (Intercept) F = a (Slope) * SiO2 + b (Intercept)
0
0 A Qeo~TH.
Fog-Ca
a b
500 |-
Ada-TH
2|
+ Ada=CA
—1000 |-
N
~1500 |-
-4}
+ Hu-CA
+ Hat-CA -
A=-5822, B=128 N A= -5263, B = 137.54
o5 . . . L . A . N 2000 L . . . .
) 001 [ 003 004 oo 006 007 008 009 o1 0 s 10 15 2 25 ) 3
3 3
Yoryo Fe203 = a (Slope) * SiO2 + b (Intercept) FeO = a (Slope) * SiO2 + b (Intercept)
0 | + Hat~CA
0L
25 |-
2 |
20
s b 0l
w0 |
15 -
sk
10 -
0 f— e da—'% ~TH
A=-6299, B=297 = -57.14, B=526 .
s . . . L B . .
~as -04 -03 -02 -01 ) o1 -os -04 -03 02 01 0
1 -3
C - .
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Risit

= -5821, B = 1391
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FAK HEMBOMNT 5 —HOKLEFICHEWT, RILRD SiOcxtd 5 [BYRELR
B OAICE) & A EO)OZE/LIZ LFIBIRZ R, C OBAfREb=AXa+BTHL
o & & ORMEA) & PIHEB),

All data NE Japan NE Japan NE Japan All data NE Japan NE Japan NE Japan

all data Front Backarc all data Front Backarc

() (3) (a) (3) (B) (8) (B) (B)

Al,04 -52.23 -57.06 -56.78 -56.85 18.28 17.46 17.55 17.31
Ba -39.30 -57.90 -58.91 -62.88 -40.78 249.75 242.99 441.82
CaO -47.60 -57.02 -59.98 -55.81 10.59 7.90 7.21 7.63
Ce -39.19 -54.64 -56.14 -54.12 -2.46 16.92 12.62 32.38
Co -46.65 -58.14 -55.58 - 43.58 23.42 27.71 -
Cr -52.92 -58.82 -55.39 - 64.06 28.04 42.20 -
Cs -48.74 -52.23 -57.10 - 0.16 0.26 0.35 -
Cu - - -53.74 - - - 83.23 -
Dy - -47.56 - - - 2.86 - -
Er - -51.40 - - - 2.37 - -
Eu - -58.22 -56.77 - - 1.28 1.04 -
F -39.47 -54.60 -52.63 - 87.24 183.49 137.54 -
Fe,04 -58.38 -62.99 -62.58 -65.27 3.14 2.97 3.25 1.87
FeO -55.22 -57.14 -57.14 -67.59 5.60 5.26 5.66 1.42
Gd - -56.63 - - - 4.33 - -
Hf - -53.53 -55.13 - - 1.84 1.49 -
X,0 -37.36 -50.42 -54.00 -45.63 -0.87 0.29 0.34 0.49
La - -58.29 -56.77 -53.29 - 12.96 7.04 18.67
Li - - -60.85 - - - 11.42 -
Lu - -56.19 -54.78 -55.26 - 0.40 0.34 0.43
Mgo -47.75 -53.66 -53.66 -46.76 7.03 5.10 5.10 9.65
MnO -55.02 -55.65 -53.79 -60.91 0.15 0.15 0.16 0.15
Na,0 -40.58 -52.16 -50.20 -50.58 1.38 2.23 2.00 2.66
Nb -37.55 -54.43 -47.55 -60.02 -2.60 3.07 1.00 7.46
Nd - -58.06 - -53.41 - 18.84 - 20.48
Ni -50.57 -58.21 -54.58 - 42.75 13.91 20.72 -
P05 -41.11 -49.80 -52.86 -40.49 0.16 0.17 0.16 0.15
R -40.39 -52.05 -54.02 -43.79 -7.20 8.87 5.62 12.54
Sc -49.49 -52.80 -52.65 - 30.69 29.22 29.47 -
Sm - -60.79 -60.03 -52.91 - 5.00 4.36 4.74
Sr -40.15 -51.97 -52.63 -59.68 370.19 305.27 263.84 435.37
Tb - -60.27 -60.06 - - 0.83 0.81 -
T-FeO -53.64 -55.76 ~-55.86 -63.36 9.27 8.90 9.26 4.68
Th - -56.50 -55.90 - - 1.95 1.28 -
TiO, -61.18 -58.89 -57.29 -66.71 0.91 0.84 0.84 0.56
u - -59.66 -59.25 - - 0.90 0.77 -
v -47.14 - -55.84 - 277.08 - 233.42 -
Y -54.79 -55.06 -54.99 -50.78 27.01 24.39 23.74 23.56
Yb - -56.15 -55.79 -53.79 - 2.62 2.45 2.62
Zn -51.96 -57.89 -58.57 -52.95 98.25 80.90 86.44 69.95
2r -42.68 -57.22 -54.05 -59.67 18.79 83.43 52.59 136.69

All data : 552, EIRDF— 78 TAFH, NE Japan, all data : ILHA
A 5D 7 — 4 # T4, NE Japan, Front : BAbHAM AL 7 2 >~ KL
DA fER, NE Japan, Backarc : BILAAMEMAIKL (s, —oHE, FIR
KD o7 =5 ZFERALER, WEBEHVTR 7 Vv—THOERDOKILIE
03 1EOBTF =m0, BED SIO IcB 3HEAERX W ickvERT A
EMTE S,

IZoWTHLON/zA=-50.42, B=0.29& WS #ERIZ, Si0,=50~T70% DEIFHD 7 — ¥ % H
WRERY E RNV ESTVS,

F72, Rb, Sr, Ki0, La, Ce LW\ 572\ ohDItRicBVTIE, HlZE, HIEAMIM K
7 e > s KL & EIMALK L & oRlic B8 2 B R A RIS TEE ST 3 T L 2R LTV
B, $1bE, 4 vavRF s TULRICOVTES &, HMMkLTIRAL7 o> FMIKL
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AL TLY BiERKRE S, —AENNS OHEBICRESHEET 5, Zhid7 o+ 2 HEX
KHEDVTHRBS N TV S LS ICHIEANIl TR ch s DERicB Tk 7 v v FALKL
LA E ORI~ 7 <R E ORISR OHHEET B LERM LD TH A
Ho WIEARMMKILFTDWT, AR ShicA LBOEISHES N B4~/ <hTDA
v a vy 4 TV, HfloABKL7 e Y FMKLE D bEERET, LhbdZ
D SiO, BADHVWEVS PRI, ThETRBOLNTVAEREFELE VL,

§ 7. EEDSIOICHBIFBZITHREENOETL

Aramaki and Ui RLTWA & 5T, EHEMBEMUESBAELNE L, TOTROM
FRZEALAREHERIR A VBRI S LB A TXVEGIR, [Ho7— s 2HVT, 8D
Si0, (wt. %) KKBF B TREEZEHTEIEMNTES, CoFHkicky, PR, R
DAHHED SFIE< 7= RV L ERTEWE D KRR < 7/ =HHTOA v 3 V857 1 T Uik
BEAHET 3 E8TENL, FEY <, DL TREND SR~ v b VO L ER
BEEDOAMEE IR EREDINL T B EMBTES,

Aramaki and Ui® AR LTV 38R Si0, — K, OBRIcOARFHATEZ 3R TH B4, &
RTHIICBALL 2 DOBNER, ALBERHVWAILILE-T, 1HOATF—525
EE® SiO, wt. BICBY 2 LRBEEEEHNT 5.0 X0 —BNUEENE LN 3,

S—A,

CZTAz, Beid, LREICBT 2 B LRI OPOCRRICBIE L fo¥s 2 -9 —A %
LUBTHB, Sy BEHLES> L4352/ <DSi0, wt. ¥ THY, SHLTIKERZELZEN
SF— s HTD S0, LAERDOTREDRETH 2, COREFHT S IcHi > TR, 7
7 — 5 EEERE LB O PR & DA EBIRICIER T 2 UENH 508, 4 v a v ¥F 4
TNVILRE ETHN T — 4 B OPORR L » bEREMIcH 256103, AXEHVTERD
SiO BB ZLKRBEEAENTEIE0TE S, HOERIKZOL I WHIZERT, SEIDA,
BOFEICHIc»> TR, BEXKLOF— 5 BFERHL TRV, £ TREXLEHY® Si0,=
55% 12 BV B IR ™ & iR U7 B 18) & & W T Si0, =51%1c B 2 AFIHL,
T EEBED Si0, =51%ic B 2R E B L e OMFE SR TH 5, FHHEME T
& R—EOTRERVTHTREATILS —HL TV 3, BlKUEEIcBWT, (v
YT 4 TWTHRDS B, KO, RbEWVstiHd, LLA—HDa v ,¥57 4 7KL D
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HH5E HEANEHAW, BE 1EOAF— 9 o0FED SIOIcBIT 2 TREELHE L

R0

(A) (B) Chokai Chokai  R.E.

NE Japan NE Japan C-55 HA-51
Backarc Backarc Calc. (%)

5i0, (wt.%) 55.00 51.00 51.00

(wt.%) (wt.%) (wt.%)
Tio, -66.71 0.56 1.03 0.98 0.99 -1
Al,04 -56.85 17.31 18.33 17.06 18.08 -6
MnO -60.91 0.15 0.16 0.17 0.18 -7
Mgo -46.76 9.65 4.24 6.87 6.85 0
Ca0 -55.81 7.63 7.39 6.20 9.03 =31
Na,0 -50.58 2.66 3.51 3.28 3.18 3
K,0 -45.63 0.49 1.66 1.57 1.26 25
P,0; -40.49 0.15 0.36 0.34 0.33 3
T-FeO -63.36 4.68 7.90 7.47 8.36 -11

(ppm)  (ppm)  (ppm)
Zn -52.95 69.95 82 76.37 71 8
Rb -43.79 12.54 42.0 39.79 30.3 31
Sr -59.68 435.37 522 488.61 573 -15
Ba -62.88 441.82 506 473.84 404 17
Ce -54.12 32.38 34.50 32.05 30.00 7
Y -50.78 23.56 28.7 26.72 27.3 -2
Nb -60.02 7.46 4.11 3.71 3.40 9
Zr -59.67 136.69 126.0 116.84 98.2 19

Chokai, C—55, Ha—51I3&HS® » 55|l LT — %, Cale. i3HILBAIE
PALKILD 7 — 8 ZFHOTEH S W EAER A, B& Chokai, C— 5545k % H
WTRIPICE VB L SO, =51%icB I 2R ILEDOERE, R BT EM
&SRR HA—51 & O o EEEE KT,

b—HOBESBOE VS HERIFEING, ZOFRKIC>VWTREROFETH 505, 13
MBROBEHICH W F =5 £y P BEECRHE—OMUEAIC KD E LD TIRIED 5 727
FEMER®, TN o DITROEBITIREICR I & S BEMSERIERHPA DA S h DIER DR
BLTOBAREH R ESEL SN B,

§8. a1 JIC

SiO., ZHlilc & - 72 K,0 OB LRI B VT, ZOEBME, COBEROMEE OH|
HIPSZEARIT & » TR E 1 5 EHEMRZE (LR KA (standard set of trend line) DFELEAYAHIS T
TWiz, AT, T0 S0, —K.0 KB 5 BBRABILAMME I LD LT 52D
EPBEKIAETICBWT, 4 Y3 vy TUTROA ST, RSO E-BETHEICE
WTEB SN BT EERLI,

&0 b E NI R 2 DR T 5 Ak E LT, TRIREOZLIcHAI L THL
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REACEROEROE LT 5 &0 I BRE, MERELERYS 52— RIPGRL, T oR%Hhic
BERIHEIT 2HETHBLRBT I EICLD, TORBOBEEICBEL /2 2 HDs¥5 * —
=, AL Bick>TETHEERRE L,

THIZE->T, BATROCRSTRICOVTE LN S LD T > TE KA HROZEL
REKICBIT BHMISERE, OO TORDNI A -5 —ltk->T, K0 —MMIcERT 3
DEhNIcE L biT, A< 7 < OMBICBEY 23R E C v E T LICGREICED 37290
HlFERSE O Lici B,

AHEZFRT OB L LR S EBL DF -5 2HTDILH 12 - T, BILKEREH OB
ARESL, A L S50 AF v e vV Y I N—TOHLEE U BREDS £
TR BRI - 7o BULAHEMMREEEIE, £)IB T, SEHEomEEwN
B, EATRIREL, LAEERIR, BRcbh - THEES, 48 EEER
1FEWTWB, 108, AMILO—Hic XHEREWRERYE (No. 01302017) 2 L1z,
PUEDH A, 1554 ESd 5,

e % X ik

1) J. B. Gill : Orogenic andesites and plate tectonics. (Springer-Verlag, 1981) p. 390.

2) T.Yoshida, M. W. Lee and K. Aoki : CYRIC Annual Report, 1982, Tohoku Univ.
(1983) 80.

3) S. Aramaki and T. Ui : J. Volcanol. Geotherm. Res. 18 (1983) 549.

4) M. W. Lee, T. Yoshida and K. Aoki : Res. Rep. Lab. Nuc. Sci. Tohoku Univ. 15 (1982)
249.

5) K. Aoki, T. Yoshida, K. Yusa and Y. Nakamura : J. Volcanol. Geotherm. Res. 25
(1985) 1.
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WEERE 5$25% F15 1992466 A 93

AMVyFr—eT=28 ) I HoDE—HFYOHL

XEERT
oo Rl e kT BB

§1.

BRAERFREFHEIC B VT ICBR B PFES N TVBER Ly Fr—« T—245 Y V73,
W34 F v 7 POD/IVRE— b ZBEHGE E — 2R URTRER R I8 4 5 % b
VyFr—eE—F, Q54F 970D E—2%15GeVETNEL, BEEHOLERKY v
TAAHT BT =245« 2—F, QFRELE—AZHVT, Vv /N THIHENIC L 3ET
BEBRETIEEE—FO 30T~ FTEEES NG, X Ly Fr—+ T—24 Y VI OE
WARE & ZOME, BETOREHEC VWTRBEM Y KlfisshTw3s, 4F, b
VyFr— s E—FTBITEZBEVEHOHLIZSDVTESICHELVHEERT> O THET 3,

AbbyFr—eET—-FTR, 514Fy 7ﬁ>6300pps'€/\§ﬂ‘éi’b5//\°lvx cE—La%Y v
THIZEREL, ROASE TD3.3msecORNITEVERYHL T - < DY L TEilE e — A
T 5, O LUAER, =3 VF—4T0MeVEBICEL - TH D, 4710MeVLIF T3
BHGRREZFIHLcE/, 7027 4 v 7O HL, 470MeVELETIR=EILIBRE %
MALLT o< 49y 7BMOBULBHOVENE, X by Fr— T—25 Y v 7 DL
R 1NTORT o RIVEHG, PSERAORES L OCRERSEXM LRLTH 5, («
2L, BEXIMY 0K 3 — 31BN D 2 D TEAREOEEBBE NI V,)

§ 2. TRIF—4I0MeVLITDEEICEITZE—LTRYEL

VH=Fal—va YETDORVE, BFS54Fv 7 TMESNE -0 3 VF— 135
FATOMeVTH %, TOTXNVF—FAETI, A bLoyFr—e T=25Y v icBVTE~
LTXT B RE MEEfTHS, YvrobtovBGics sz x vE—BEEFHLALE/ 2 0
*F4 v 7WMOHLICL > TE— 22O BT, TOHER, T TIREIEAHD150MeV X b
VyFy—iCBfEh, BEBSHTVEY, TOHETR, ANOBRORLEHORIcE
FHRY Y /o bo VBBTRI 2 X VEF—RICEZE LV X VE—BOBEF - 245 AL, %
DOTRETE - aWBHBRENZEC T L SICY v I D s o5 4 v 574 (R—% o VIREK
DEERIKFN) 2FHILTHL, $5&, E—athDBEBFRY V72 FELAASY Y7 0
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12.941 m
FE 115275 m

I mmEms (164, BREE 4 m)
—— EEERE (445) 0
V- AEERE (64,7 0% T4 YT ABER)S

—A—Z=HANBERE 28)
—-HBHFRAABERE (18)
- ABERE (18)

—— AFTVVIEMA (88)
—— &7y LEE (45)
=t 7y LEHRA 4F)
—— v -EHEAE 38)

—— NV TEMA 3&)

PRl

PIEREE M EE
I RFLoFr— T—25Yvio2iEK,

Foviick s Tz xvF-2KY, WoHL 2 vEF—E L b02 5, IHK, HIEHk
BiARc LTy v Ih oo HEhTHL, 2LT, BADIRNVF—%F>TWIETFD,
ROAFHOBERNC B HL 2 vF— 1L, HEREIZEC LT ¥ 7ANRD HENn 5,
TDEHILT, E—aI3EY H UKL 3msecicb /e > THLT 2T XTHY HEh, Y
ZE— AN Y - MIERENB I LB, E—L0Z X VF—IRIZ, T4 F v 7 RED
I X )VFE —FHi%E (Energy Compression System) IZ&k - THET 5,
BUEHEROESRBTFO L 3 VE—D 3RICHPIT 5, $/, ©— 20D HURREIZAS
DR LOEBTRE D, ©— s AFHOERDE LEHI300ppsOls, B H L EEEI33.3msec
L1555, BRESN 7 BETH3.3msecORICE > 2 2 VF - DEGEFE 2KITRT, OIS
Bind &SI, 100%DFa—F147 7275 —TCTEHTBHICE, 470MeVT2HD T XNV
F—IlRD E— 2% AT 2 0END 5,

ATIOMeVUL T OBIEE— R TDR MLy Fo— T—RF YV ITDFFaFVe JUTT 4
Y74 (RINEHA L BERAOS LB 7 0T 4 ¥ 7 1) &, KF (x) HRH-T.14,
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$E (y) ARIMB—8.99TH 5, Lichi-
T, B3, EERIE2%BOE—AIN AE/E(%)

20 T T T T T
TBR—% b o VIREEDIEMD 3, sl
A v,=7.14X0.02=0.1428 (1 16
A 1,=8.99%0.02=0.1798 @ 1
12
L1235, ol
®/7uv54 v 7ROHELTR, & 8
BE (Sxxiv-mTosakzsr  °f
4 |
F—ITIRFFELW) KX BKEARDN— of
~ = 3 b l »\_‘L\ 1 " "
shm /ﬁ}@)ﬁ@@b‘%*]ﬁﬂ LTe %.O 0.2 0.4 0.6 0.8 1.0 1.2

ZRoMFToT, KEAHEDI o=T 4 Ee (GeV )
v 2N HLcmaoRVEcHEn B2 v¥ 7ot ik = xovE-
LTB BTN B B, Eh, WEAMD e

70T 4 VT4 BRETES L, REMREKEBIRFVBELTE - A LLEDFRERKEZ, £C
TY Y7 OMERIC 1680/ NBERAZREL T/ o F 1 V7 4 OFHIEETE) T &K Ui,
ANBEBEWAICLE 70T 4+ V7 1 DEALIE,

A &= 7= [2K, 1 B(o)ds ®

Ag=— 7 [2K. 1 B()ds )

E18%, TIT, nBzxVF-—HEE, B.(s), B(s), &, ZENTHNKEHRE X CEH
BEARONY ro vBEKTH B, £, K, Z/BERADEE

11 ,0%B,
L1 )) (5)
2 B, ox* “x=0, y=0

K=

B, BRISHES Th B, f-T, ABEBRA LT %V F— 8B 1 & 8, Xz B, DAE L
CERE T A UNEND B, £/, COBEEDLS I, KE SLEHRMAHAOIv<F 4+ V54 %
EOAMIRIET 28AIE, (), OREXLFICK, MEONBERE (SF) %, B,(s)
DR EBFICK, BEONEERE (SD) £BET 3, €57 5&, K, OREEREL TS
TEBLILIORTF 4 VT4 ZRETAIEMTES, A by Fr—T—2%5 Y VIO
i, 4->oMEHIcdH 52.38mD HHEZEMOMI K7 u<F 4 ¥ 7 + fIEHNEBER
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Development of Large Neutron Detector

S. Ito, O. Konno, K. Maeda T, H. Matsuyama,
T. Sasaki, T. SudaT , M. Takeya, T. Terasawa

Laborataory of Nuclear Science, Tohoku University,
Mikamine, Sendai 982, Japan

*College of General Education, Tohoku University,
Kawauchi, Sendai 980, Japan

Measurements of neutrons following nuclear reactions provide isospin character of the
nuclear structure by comparing with that of protons. Neutrons have not been measured
enough, because of the difficulties of their detection. We have planned measurements of
(7, n) reactions to study the nuclear structure and reaction mechanisms, with enough sta-
tistics and resolutions. A development of a efficient neutron detection system must be
essential for these experiments.

In order to perform the ( 7, n) measurements, we have developed a LArge Neutron
Detector(LAND) according to following requirements. First one is the large volume. It is
essential to get the good detection efficiency for neutrons. Since the neutron energy deter-
mined by utirizing the time of flight (TOF) technique with several meters flight path, the
effective neutron efficiency is considered as ”solid angle X efficiency”. The second one is the
performance of the neutron- 7 separation. Low event rate of neutrons is expected in large
amounts of 7-ray backgrounds. The neutron events must be clearly separated from these
backgrounds. The third one is time resolution of At S 1 nsec (FWHM).

One of the best solution for these requirements is thought to be a liquid scintillation
counter with large volume. Using NE213 liquid scintillator, the LAND is possible to sepa-
rate neutron events from 7-ray events by employing a pulse shape discrimination (PSD)
method . The container of a large size neutron detector are usually made by quartz glass,

" because of its reflectivity and the character of the organic-solvent proof. The container of

NE213 is desirable not to be fragile for safety. The designed container of the present liquid
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scintillator is shown in Fig. 1. This cylindrical type detector
has 130 mm ¢ in diameter and 1000 mm in length. The alumi-
num duct is used as the container, which is enough strong and
light. The total volume of the NE213 liquid scintillator is
13.3 litters. Two R1250(HAMAMATSU) photomultipliers
view the inside from both ends of the container through Pylex
glass plates of 10 mm in thickness. A reservoir of the NE213
liquid scintillator is placed at the top end of the LAND. An
aluminum tube is connected at the other end of the container.
A thin Teflon tube can be inserted into the aluminum tube and
the dry argon gas is introduced into the LAND to purge the
oxygen from NE213.

The selection of the reflector is important to obtain an ef-
ficient light collection, which has a great influence on the PSD

and the time resolution. The reflection factors of various ma-

rex Glass

1000mm:

L

Fig. 1

PMT(R1250)

Schematic
of the LAND.

~— t=3mm Al

drawing

terials were measured to search for the best reflector. Aluminized Mylar films and a sur-

face of the electrical polished aluminum are found to be good value of the reflectivity. We

simulated of the light propagation with the computer code GUIDE 7 »’. We finally decided

to use the material of specular reflection 8000

with more than 90 % reflection factor,

and which does not melt in xylene based

6000 5

Counts / sec

liquid scintillator. According to this con- 4000 %
. N . . EN \”
dition, we found the special aluminized- 2000 g ;
Myler film of 100 gm thickness, TS-100 |; . 1.
0 RERY S0 -
(Toyo Metalyzing Corporation). It is at- 0 20 40 60 80 100

tached inside the aluminum container.
The attenuation length of the LAND
were measured, as shown in Fig. 2, which
is consistent with the simulation.

We measured the n- 7 separation at

Radiation position [cm]

(from PMT)
Fig. 2 The light attenuation of the LAND.

Diamonds are the result with TS-100.
Solid circles are the result with Milipore
(diffused reflection of 99 96). Triangles
are the result with no reflector.



several parts of the detector, by moving the collimat-
ed *' Am, Be neutron source. The distances between the PM
tube and the source were 10cm, 20cm, 40cm, 60cm and 80cm.
At every position, we could separate neutron events from 7-
ray events, as shown in Fig. 3. The time resolution of the
LAND using constant-fraction discriminator (CFD) was At
= 0.8nsec (FWHM). The position resolution of the LAND
was found to be less than 100 mm (FWHM) with collimated
7 source.

The performance of the LAND as a neutron detector was
tested with the D, O ( 7, D) reactions where large
amounts of 7-ray backgrounds were expected. The ratio of
neutron to 7-ray events was about 5&6 . The count rate for
the each PM tube was about 190 counts,”sec. The coincidence
rate of the both PM tube was about 65 counts,sec. The re-
sult of the charge comparison of total charge with charge in
the tail of the pulse is shown in Fig. 4. This plot was ob-
tained using all of data at 6. = 90°. Even under the condi-

tion of severe backgrounds, we can separate neutron events
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0 10 20 3040
nsec
t

Fig. 3

The neutron- 7 tim-
ing distributions of the
LAND in the case of
the' Am, Besource with
the PSD module. The dis-
tances between a PM
tube and the source were
10cm, 20cm, 40cm, 60cm
and 80cm.

(upper line) from 7-ray events (lower
line).

We used the LAND for the neutron
measurements of the ?C and *Fe( 7, n)

reactions. We analyzed the data of them

ADC(partial charge)

and got preliminary spectra. The two di-

neutrons ]

N ]
_ 8 prays

- AT )

S

R TR |

1 " " 1 1

mensional display of the neutron- 7 sepa-

ADC (total charge)

ration at 6. = 90° is shown in Fig. 5.

Fig. 4 The result of the charge comparison

The vertical axis shows the PSD module
(CANBERRA 2160A) output for the up-

side PM tube, and transverse axis for the

between the the fast and the slow
compoment of the pules from the LAND
in the?H+ yreaction at E,..,=130 MeV.
The LAND was place at 90° with respect
to the beam axis.
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downside PM. A two dimensional display of TOF for downside PM versus the time differ-
ence between two PM tube is shown in Fig. 6, where the flight path was 2.5 m, and the time

resolution, including all of system resolution, was At = 0.9 nsec (FWHM).

nsec nsec
40
12} s
. N
- ~iB
b 8_
4
i | .
sl R A e S L1
0 10 20 30 40 0 4 12

nsec ¢ nsec

Fig. 6 Two dimensional display of TOF
for downside PM versus the time dif-

Fig. 5 Two dimensional disply of the
neutron- 7 separation at 6 .=90°,

where the vertical axis shows the
PSD module (CANBERRA 2160A)
output for the upside PM tube, and
transverse axis for the downside
PM.

ference between two PM tube, where
the fright path was2.5m, and the
time resolution, including all of sys-
tem resolution, was At =< 0.9nsec
(FWHM).

The response functions for the monoenergetic neutrons were measured at the Cyclotron
laboratory, Tohoku University. The quasi-monoenergetic neutrons were obtained by using
the "Li(p, n) reaction at E» = 35 MeV. The neutron response of the LAND was determined
relative to that of the standard neutron counter whose efficiency has been precisely deter-
mined. We obtained preliminary neutron detection efficiency of about 12%.

The data analysis of the ( 7, n) reactions and the neutron response of the LAND are
in progress. The LAND is still under the development. We are thinking to use other
scintillators, like BC-519(BICRON), and reflectors.
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