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K=0"DO1E% 3.5MeV LIREL, BORBME T E? LIRETHIE, K=1 I'=3.9MeV,
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UMD GOR ( Giant Octupole Resonance ) iZ 20Tk, V. G. Soloviev DFES Hs 4
5, ZNickbE, B(E3 ; K) OD#EEOHEHHN16.5~20MeV T, 4EXRLNB,
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XER3DHHETGOR (K=07, 17, 27, 37) OBRATFOHBEETE > THIM, KiT
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kB REHDBORBAERONIS o T, ZTTEIRITIL, K™= 1 DHAD qikiFiE
T4+ (DWBA) , K& XOHEBLIRITE -TVRL, ZDgkEHNS, (D), (E)D
.%%QTGORmﬁﬁﬁﬁk&ﬁ%Eﬁbm%oI&QOMNHEMIVEGDR&IV@-
GQROAMITHBY, X RBE(E)DR~RYZ bVTIE, TOMEBENSEE > TESIKE-T
WBREIKRZ S, LHrLBES -2 L LTRBRISAYL, $Z20KRE SOFHEE, /Yy
275y FOFEiCKkEIKET B, #->TGORIKDVWTRERBNEERIINETH LD,
16~20 MeV DOFEIC octupole WMADE L FHT s HEEER &5,

§4 £ & &

EROERILEET N5 5IC, B E L TRUERY, BFORIHMELIC & - TS
FRRI PVE, g =0.407~0.870fm™ IT ¥ - C 8 FUIE L7z, EighI7E/ Ny 7 75 Y F
O FICRELEVE -2 OEF 0 SBRIShc, RERIGET 11MeV & 14MeV X7 Y » L
THRASNA2GDR(4T=1, K=07, 17) & GTEERERT EFATERRIEOH
B Ek) #HNT, 20E5EFELI, 27 bicid, TOGDRUADHFED,
8.5 ~10.5MeV, 13.2 MeVFHE, 20~24MeV icRSNtc, £ T Suzuki PEARILIBE
%Y CROLNAEEEOEBEEE2H T, [ SERVTIVEGQR(4T=0, 1, K=
0%, 1%, 2°), I SEGMR (4T =0, K*=0")DBRREF (KBFA) 100 % icHkit ) =
HEL, o—LyyREEERE LT, SEARBE -7 0FESETEAL, FBRORRY
FoLE HEEL T, BT 5 ovE — BRI, Suzuki OB & EREICH Sh TV AR
DEKRLBO TR E Eick->T, #ELK, ZTORKE, T XTOERRDORRY bVid,
BIFEEHsSAZENRINS, L L, W ohDOA—BEbRON, ThHEDR~RYT bV
kAT 2HEICk - T, ROAFEMEDER S hic,

WISTGQRIZ, ¥ 1M VORI TIARICZRT Y v bLTWS, K*=2" 4 (~10.4MeV)
DB IZ P OEREEIME L 2B L 0 »IE 0 R OATREED B 5,

Q1 SEGMRIZ, ZBEKTERT ) v hEF 13.2 MeV fHEIcE—DIEE U THAET 57
Bepkdssy, LrL, GMRAS2DIcR 7Y » b3 B aE[EEM: EE LYINE 0,

B VEGQRDA XY MRFRALHREAKB DT, E=/DR7) v FPEEZERT 5
HEIE LY, FRIEE EOXBIGPETIE L,

41 SBGORE, Zho LWESIFEAERD SRS, >1DS, 16 ~20MeV fHEDZHS
D qIREMD 5, TOfHFICIE octupole FOMBEZWEFEINS,
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EALBOMERERE LI 2<7 bbb ed LD ETHEAICHBLLDOM, Mk
HEOET v F 3] <HE (tail) ThH, EABEHEL T, Th 50 FICEFH]I
AELT/S w2 75V FETS BHESEOED 35 HBAE Vi, BERIIGOWHREE ERIC
HEBZhES B, COROFERBEICHHD-TL 3,
REXRDBETRETBEZNRE U -TLBE, BOFISELIT 5 L0 SRIESHT
&7 CNAERET O EFBEOEEETE -7, ZORE, BFSHELS N BRIRIC
BOTENHTI A V¥ - 2R EIBREEE LCEBLTOILENSH DT &3l 7c, 18R
GEALTE-RY 13, ZHWWNS S TEHDSENVESICBBOLEMRTH 205, ZHRE(H-
T BEFEPLBOEERREFEILENH S, §2 TR COMBICOVWTEET S, §37T
EHEEOEKIEICOVWTHRT 5,

§ 2. S\EREES SAERES DOBIR
BFHAER CAEL T2 01}, ARBTFLxv¥—, BELBTF T 2 V¥ - RUHELA
TH5, HLETIAHE LIS, ZOBFHENPTEOREHELBE ZETHILSNT
B E o7 RIETH 503, BRAHEIER TH 5L, FFHEOREIHN WL
HOME L LTHETE 239 Th 5, HELBETFIENEZBERTICHETZPTOEDLYDET
CHEMEA AT 3, BELADPK S VEE, & 32 V¥ —BTORTFKIC L 2 BELM R o
TNEVD T, EHRTIEL EAE SAE ORELY
HCAHREIE - CEALTIL, B IRKOEKIT,
B EE S L AR TET KRS AR THELS

: %AAv
h, BOOEST — ¢ %@l L TEN» O 2581 \As NG
DVTERT 5, KEUAETHIL SN EH%EB, & //7/// cl&
s

FHEM @R T 55 % AB (BELAT ), BC
(HEB) NP TEZ ST EILTE, ABEBCO
MO TANE T HE T PLET H/NaHELET 505 1K HETFEBAOETHIC
ZRICHEVD ZHERTET2HINT 5, COXTHE ForHalEng,
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AT CRFE FAMER PR LT3, AREFERD I, BHOEI 55EHETEH
I BRFEUADMDRFRZDBEDONTH 5729 TH %o

| —HBAETHELSNBBICOATERIT 5, ChE REEHE &IP3 Licd 5, S
LNIEEEIC X > THEL B E— 27 DR, C—/MERTRBMLT L EnEhELZ 4T/
3kcosh, 1/ ka/z(In(q/ me)—-1) THZONE ((NRBR), Az R+ -,
HEABENZN 180MeV, 40° T, B & T=50mg, /ol ® SmDEFE, ARG & IR 32
NEN11X1072/ &, 26%X1072  kTH Bk BT TANF—TH 5, LDOXIBEHTH
SRR 3 RS & RIRREICE > TV ADTINSDRIOBREIE L KBTS BEND 5,

T FAPEEIC OV TER B, BT A F BT CTREAEFRBZETHRICERL TV
DT, HFHBIC X 2 BETFOETHROEALIIBD TH/NTSH 5, & TAHDMNIRE O
BRAXVOT, BFRIENH CEHEIOMNIBEEET L, £ Ol TRIEEFTFO
A4 MERREIC L D TRV F —FEIL S, TOBREF O 3 VF —BRIMETEZLVE
L5, —HBETOETHEOERIFEETNRIELLZY, BANBETREEL TRLLEER
TEW, AT A VF - E, OBFOENEES t Z0@EB LK, TxrvF-%2KE-T
E~E+dE CHDHEEE_DICHTTEZ b,

Q(Q,E,t)=1w(&,E,t)+hm(EwE,t) (1)
HAOE 1HIT, BFOSAREHICE > Tz AVF-ELIBETHD, F2HIEFOA4
AMEPRRIC L > TT R VF—ZRIFETDH S,

EBIRNF-BTOHEEE, ORXOBEI1ENE2HID T >EREL, H1HIENELZH
A& LIESI BT 20, TOEHEZZNKRECRBEZE/NSKEE (NREBR), Ltk
5T, BFEBZBREBBZEBLENARELLD, AREHONEILTHETEILL TS,

WXTHAZSNZ A VF 0% LEBTHABADOETIIC L > THELS N, R
BHRAET 2, REPEST, BTOEFHEBITINKSOEELICE > TRE 5729, AESIC
BETFREORR T 05B%T 5, ARSI EBEBITO/NS OBELICE I EFRIETH 5D
THEHRRTFIE 1 THEY txvF¥— B, 0BT, BAOETHICE > THELShHEZD
I R IVF-STHIE,

d%o
d2dE

THEZON%, WHBICIANERICL2BEIDTELSL LICT S,
BETRBCOWMAEBEET HHICISILTANF —%KD , TDA N =XLIFABDEIG&

I, (E,, E{ t) (EL El) 2)
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FLTH3, BATOMIABD LA VF - BE, THLIETORS TORNEERICERT S

&, ZOIFANVF-HRHRIRATEA S50 %,

d?o

q2dE (E¢ EI;)O I, (E;, E, T—1) (3)

I,(E, E t)
I NVF— EsTCAHR LA BFOENTHELSN T R vF — Ep > THTL 358 %E R
%, MEMERASET 28, ¢, E, EiFA0OEENZ, Thoii20THEALD
DB, KA BE%OMELWERES5Z 50

do
dedFE

T dt ES 7 Es 4 7 d2 g ’ 7
=l‘7rtﬂpd&‘£pdﬂj.Q(EyEyt)?EHE(EyED%IeU%,EWT—t)

(E,, Ep, T) 4

WRIABERIC OV TCELE LBVEERRTH 05, ZOKEWBEITRITIOXEME -

d®o
d2dE

Tﬁﬁ?hwiwoleémﬁﬁﬁéﬁotﬁﬁﬁ< X PEKEICE A SR, &

IMEREASHETE 3 (NFER) , 3L CHAN SN cBRELD W @0 A:0ITRA L
TEAETRAR, HESO 3 NEHUEELOBOMEESHETE 5,
 WRBEDEBATVEDT, L HELNBREDEKRPERS PV I L, AEEEN
WBICERT 32 EEEZ B, EROZAHRIRICERT 5, (VRO ERHTH 55 1 i3,
EHHHEOIEE I BRVIEUTRS ¢ ictf) CIe(EaELt)
45, B> TARD ¢ icBART 28I ¢ X
(T—1t) 183, TOh%E ROV THEAT
ET2/6&185, THIFEBTFOREVHET
BELEN ZHiR (B IKDOAB, BCH)D
BEIXNT A6 EB-Tn3E LIGEDH
HEAETHS,

Xic E{, E; OWESZEEHICT ST
I, 2221352 &g 5, (B2K)

T
Ie (El’ Ezyﬁ) :[e (El’ Ez >

10—2_

10

- €

107

T E
E —¢—=) +I, \E,E<E —¢,
! V@l <1 2 FoN EX ¢ FOENEERL B
T) 5 BT 5 LF — 57,
<

V6
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BN T 2HIBO TS0, WRIORERAL THRDOE 2 E S LOBE B
5, e PRECRVIHFRIE, MES Q2 BEWEEDRZROBIGELE N S,

d?o

S (Ey B, T)

_ do B T

= 45 (Bs Es=0 200 (B~ K (B, .2 ) K (By €. 2 ) K, (&)

+K(Ey&#%)PYQQei%)P(Q~wJ%—%—w)+Q(E —o, E1/>J

T T
x% (B, E—w), +K (Ep, e,ﬁ> I:K (E €,l/—-6->P(ES,ES~—Ep—w)+ I, (ES,

T d
Brog).] g EororEoe o

L2 (B, By-0), BB 31 ¥ —0 O — ) OWTRTHS , 34T 1 5 2 DFN I

B K, K, BehztSiiEs, NiEsice 43 BREERRTH2, P(E, k)idx
FNVF—EDQBEBFPAMEIICEL > T A VF — kDK TFERNT BHETH 5, BRITEY
DEsERIE, BEROXEIYTVEY | BROFE 1 HIIEN L ERBRICHES AL

S = N _T _7; S
_70—)%&@%?&)@’ %@ﬁm%ﬁﬂif{ﬁﬁﬁ K(Es: 5,1/6 )K(Ep’ 591/%- ) XKS(S) T%é

CEZRLTOE, B2HASHESHIEHICLZ EBOMARTS 2, OREZU BORE
DOHBEIIT e BNSVBERBEVD, K< H3EEUMNELK S, 2% 0 E)RIFBHS
SABEOHICH L TEAZOBWEMTS, TAVF—BEDKS WITICH L TIHELIAEN,
ePRE LB ARG ERIMK X 11ICiED< , #-> T TR E— 7 DELATIES &
PER IS DFEDBIFEAEANICIE - TV D, —FH e BNS DHH TR KA1 L0 SR O/NS 0
BEIFEEOMEL VDT 5, Thud, €—2 IKE0RICH ZEDOHDDOBTH, A, N
HEES, AMEN CEAEROES C LI X BMITHZEOMEOBD T2 E58R LTHA,
E= I ETEEPKICK > Tt~ v b bR 5, O OEDMIERIE M Tk
SVOT, THPBEHFHICL > T 2V F - 2R VVET 2 v F I BB 3 & 2 OWFER 3T
HTENVRLELZTHA D, BDEMRTIE, BERME >Tx X ERBEE — 27 (HE DR
DI BEEHE, BT R vF—QITHEMNT 2EBA > TOED,

MR E ZDEMRT, EHRHENSEORERE 3 HEBICHTS LTak, B3 (A) &
HEROXEZHEA LB ORRTH S, F3K ( B) IR OELEHEST 3DIcUWRE
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-1 BaDRTH S, T2 VF—HBK
OHERES 2 BEHORIIHE THAL D
FRAGE (HEBR) , 2EEEOED
i3, B G OO FHEIC BE T B S
WRER -85 FiERZOELRXERE -
FEVSEICH B, ODEHBIERD 2
~7 P VERET B E, WREME -GS
Bod| 2B LAY CRESh TS L
HE B, CHIEEOMAREEE LCEHET
BIC3BERWOREFES BENSH D EE
BklLTWw3, HEEROKXTIROX &RER

iz, BT xvF—5h5 MeVPIEIKiE 5 &

LD, NIES LIREROED R
RN 5TV B, DF O BFIIAIRE
SpAREHOVTIL—F TLLT RV
ForLplHnELTNWEZ EILES, L
B L EER IS 3L TR <, SRR
& - ERERET « SRS Lkt L TET I
TRNVF-—BRK > THEENL S, NREH &

x10

/o

d2o-
dadE

3.0

x1074

6.0

dE,

d2o-

3.01

4

(A)

1 x20 15 25 m
1 ] 180 MeV 40°
| LAFQW
1 " h"r " O ——
! e
...,
CI) 1I0 210 30
(B)
x20 152 Sm
(_! 180 MeV 40°
b
NI e

10 ' 20 ' 30
Excitation Energy (MeV)

F3IXA) HREOXEM - TEHHIE LR

N7 b,

(B) R ELOFE O FHRICHE 14Xz

Fo>TRHFMELILRART by,

AMEEHIC L BEDE CEEOKRE STHBHE, WEMMILTHZ LV IAUPREND

BHERTHAS,

§3

BHHECHT HEIOEREADE

§ 2 THBEES & A 4 VLI 25 50 F— IEKDRIC R THBICO L THERL 7, RIC
WM OBREIC OV TEL 3, EFRRTHROEME S MEIERY 5, HAFHORS
HEhZFNZa, aTHbB. BFESIWNSVES, ¢dWNSOOTREDERDEHILITER
NEFERTHBH, ZHAKE 15 LBHEMOICENSEC B0 GROENE VT 5, BT
LEESHE & OMBMERIC DV T 1R, JHT% L OMEMEAIC DL TR 2RE TEE LGS
DOWFERE, MESEIRIBE T 2ERDE i EM
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dodE
L e CABERBRE ARCRSNTOS
75 4 v = YRBHIET 3, HEERO >>m*< >>0<<+
WS 2 ROTHATRISEMAICRL T ; <
3, (RO 1 Fid £ — 2 OWERTH D, (ze?) (Zet)
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B2 AN Z DBOWERE S5 5. Rab
b EDIVEITE | ST 28HERET

b B0, BFREEBINNS O HICHEBIC >:~j< M+ >\~<
HlEEHELTLES>DT, MY YLD
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B OBRESER TSIV, NESND o o
b — 7 DB 3L — i $B 53 [0 A 3

Wi ic i 3 K OERIZ, MY, M0
BRICHCELICRE » CBFOSET A I LT :i:I; * EE:I; * ;ﬁzﬁi
ANVFE—EELSEHTHSL, MV, M?, (Z2%5)
MY iz & 2EHBIERK, S>3 0BT L M

5HE & OB/ SETH E OME/RIE H4R ERBECEDLHICHET 37 7
DT E bIc—ROBEDEHME R, g7 omp - AR AR
BT TIHESATVS Y, BT LEME L OHEFROREER I ¢ *THE BB O
KIEORHILE | — BT LETH & OMAHOBATREZd TH a0, ZHKEL
LEBEBIOIHAE 130, WHOSKIEHSE VT 5, BHERE OTARET £ 28 35
LT CORROETERSC LIt s, MRRTEKOZEO OFETHE L THET 3,
S0 OHE L, MY DBEEZIBADHE (B 1KEL R & MY EMP DT
b ANFFE (B2 kAL VIEL) S ROBARERIC X 23HY T5 5, BAREMIC
LB MELOARET OH R EREFHICHE S LB TNEDT, ThEKL
VB & BAEEE L L TAAE, BHOEROTEIC & 5 HEA EOREE  ERIE, -
FOBRIEAD A > TV BBESS ¥ 5 |, I LD AL OINERED 5 |

55 I3 Sm OB BEOIRRF TH % , £5X TR, WAkE € - bIHEETEH - 72
EEBRRTFEERL TS, BHEBIT I WNSVERTR, B2RF N VELUDOERET &
HAMERIC & 5 TPRETE 0750 B < —Bd 5, Lo U 1R v VR THE L 7R K

P ]M“) + M@ 4+ M@ ]2_,_ | MW + M6 |2 7
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FHBICBMETE, $2RE N VER F@f\\ ey —
DIEARETF ( 8 KT 4 E—o0 & L 72 Witk i
_ 1525 150 Mev
EEy MFERTH > 7ol ) &I HE I 25778
THE L RRT £ O—BHB 3, 10 ity R
oz Eid | MP P OIEGED 1E i
Lid | MO | O bED FHE (5  Partial Wave
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TRHOEMS &4 3, ZDBREE T I N 1
<BE, MOD LS REBELEFHILY b, :
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TNRIMO DBEINBZETHBDITHL, Wi <&l - 7o /i,

MP DBIE Zd « Zd”? THZ1HTH S, UT, BENLEEENC X 2 BOWERKOFET
3, E0BHATMY EMO KRBT Eicd s, MY ik 2EOWEREIZFE L VEESESNT
W B A9, A & 2 EREAERY M $ CANZEOMEROHE R 720, Lol
M & T AN BB RO S TILB SATNS Y 0T, MO £ TAAKIEO B
DREERH B, €=+ ZETE, BT OHE S N BRICRT AR 50 BELRIC KT
2 CE TR OARRT SR 305, 7 0&OEEHET UL, 0T LEHHIE %8 0
(4E) #BAFWTERE I ETHAT 20 LICk DIBONE, 3 - CIRITEFEHAS AL
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Measurements of Photoproton Cross Sections
of “Al and “Mg to Residual States

M. N. Thompson,* K. Shoda,” M. Sugawaraf
P.J Ryan,* H. Tsubota[T T. Saito] H. Miyase
H. Ohashi,! T.Urano,! M. Hirooka,! T. Tanaka,

* School of Physics, University of Melbourne, Parkville, Vic. 3052
Y Laboratory of Nuclear Science, Tohoku University, Sendai, Japan

Tt College of General Education, Tohoku University, Sendai, Japan

§ 1. Introduction

In some light nuclei controversy exists as to whether the low lying states of
residual nuclei are as strongly populated following photodisintegration as indicated
by measurements of de-excitation gamma ray spectra!’. The possibility exists that
the additional strength measured from the gamma ray spectra is caused by gamma
ray cascades from higher excited states, which are also populated during the
photonuclear reaction, down to these lower lying states. In this case spurious
strength may be assigned to a photonuclear decay to a low lying state.

To clarify this question proton energy spectra from the *Al(e, ¢'p) Mg and
the #Mg (e, ¢/p) »®Na reactions were measured at 90° using thin, isotopically pure
“’Al and **Mg foils as targets and the Linear Electron Accelerator at Tohoku Uni-
versity as the source of virtual photons. These data enable a direct measurement
of the partial cross sections for the ground state and perhaps the first few excited
states ( at least for 2Al ) to be made. In addition, measurements of cross sections
to specific residual states may well provide additional insight into the nature of the
photonuclear reaction for these nuclei. At least for the ground state cross section
the resolution of the structure should be comparable to a photoneutron cross section

measurement.
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. § 2. Experiment

Thin foil targets ( 2.27 mg./cm® of Mg and 810 mg./cm? of ¥Al ) were
bombarded with the electron beam from the linear accelerator at Tohoku University.
The energy resolution of the incident electrons was determined to within 1 —1.5%
over the measured energy range. The protons which were emitted at 90° with
respect to the incident beam were analysed by a broad range magnetic spectrometer
of the Browne-Buechner type?' with 100 solid states Si (Li ) detectors arranged
on the focal plane.

The correction factor for the fluctuation of the counting efficience of the
Si (Li) detector system was determined by counting protons emitted from a natural
Ni target of some 80 mg,/cm?. A different thick Ni spectrum was measured for
each magnet setting of the spectrometer system and corrections to the proton spectra
to be analyzed were made using the Melbourne method of K. ]J. F. Allen® . For
2'Mg, spectra were measured in steps of 0.4 MeV from 16.0 MeV to 28.0 MeV.r
For #Al spectra were measured in steps of 0.4 MeV from 14.8 to 27.3 MeV.

The first, second and third excited states for Mg, the residual nucleﬁs of
the *Al (7, p) reaction are at 1.809, 2.938, 3.588 MeV respectively. Hence the
ALCT po)s PAL(T, py) s PAl1(7 p,) and with some uncertainty the Al (7, ps )
cross sections were determined from the *Al proton spectra. For *Mg the first
excited state is at (. 440 MeV and the second at 2.076 MeV so that it is difficult to
separate *Mg(7, p,) and *Mg (7, p,) . However the thinness of the target
(~70keV for 10 MeV protons) possibly enables an estimation of the ground

state and then the first excited state cross section for #*Mg.

§ 3. Analysis and Discussion
3.1 %Al
The proton spectra from the #Al (7, p) reaction was corrected for mean
energy loss in the target (from straggling ) and for nuclear recoil. The top 1.809
MeV portion of each spectrum contains only ground state protons, however the

final 0.4 MeV of each of these portions is subject to large uncertainties because of
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the uncertainty in the virtual photon spectrum near the tip energy and because of
poor statistics from low count rates. Hence the final 0.4 MeV of each portion of
the spectra was neglected and the #Al (7, p, ) cross section was obtained by
dividing the proton yields in each of these top portions by the virtual photon
spectrum appropriate for each tip energy. The higher ( 10.1 MeV ) threshold for
photoalpha emission means that the %Al (7, p, ) cross section is free of any %Al
(7, @) contribution.

Using the obtained ?’Al (7, p, ) cross section the *Al (7, p; ) cross section
was obtained by subtracting the contribution due to the ground state from each
spectrum and then analyzing ( as for the Al (7, p, ) analysis ) the appropriate
part of the spectrum corresponding to the proton energy region for protons popula-
ting the first excited state. Again the final 0.4 MeV of the portion under consider-
ation in each spectrum was neglected.

The separation between the second and third excited states of **Mg is only
0.65 MeV and between the third and fifth excited states 0.73 MeV. Consequently
the determination of the Al (7, p,) and Al ( » ps) cross sections was carried
out by including all the protons in the region of each spectrum to be analyzed.
Hence proceeding as before the Al (7, p; ) cross section was obtained ( although
with worse resolution ) by correcting for the contribution from the first two partial
cross sections. According to Thomson*', the fourth excited state at 3.94 MeV is
not populated so that an estimation of the ??Al1 ( » ps ) cross section may be made
assuming that the fourth populated excited state is at 4.32 MeV. Figure 1 shows
the cross sections obtained plotted to the same energy scale.

All the cross sections reveal structure. The Al (7, p,) and Al (7, p; )
cross sections are similar to Tsubata’s measurements although the absolute magni-
tudes are a little different. The #Al (7, po) and Al (7, p; ) cross sections show
an anticorrelation at about 20.5 MeV in agreement with Tsubata’s measurements.
A comparison of the integrated strengths of the partial cross sections obtained here
compared to other measurements (including the de-excitation gamma ray measure-

ments of Thomson* is shown in Table I.
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Figure 1. The partial cross sections for photo proton emission
from #Al. For analysis details see text.
(a) FAL(r po), () PAI(r, py), (c) PAL(7 pp), (d) PAlI(7, ps)
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Table I. Integrated cross sections for photo proton emission
from ?Al to low lying states in ®*Mg.  All results are in units

of MeV ¢ mbsr.

These Results Tsubota® C TR

Range of Integration | 14.8—27.2 MeV| 16—26 MeV Thresh —24MeV

A1 (75 Py ) 0.61-£0.03 0.45 +0.06 -
ZAY (7, py ) 1.25-+0.1 0.92+0.2 2.0 £0.5
A1 (7, pp) 0.5 +0.1 - 0.74+0.15
ZA1 (7 ps) 0.4 +0.1 - 0.32+1)*

* . .
Uncertain assignment

The integrated strengths from the current experiment show fair agreement to
the de-excitation gamma ray measurements. According to Shoda® the total photo-
proton cross section for Al is 110 MeV+mb. Multiplying the derived cross section
by 4 7 ( assuming isotropy ) and summing gives some 35710 MeVemb for the
total strength of the photo-proton reaction for reactions leading to the ground state
and the first three excited states. Hence it would appear that about 30% of the
photo-proton reaction channel proceeds directly through these few low lying states
in contradiction to what one might expect if the *’Al nucleus were to decay in a
statistical fashion.

3.2 %)g

For the **Mg data, analysis is more complex because the first excitéd state
occurs at only 0.44 MeV and the second at 2.076 MeV. Consequently analysis of
the top 0.44 MeV of each proton spectrum is subject to large uncertainties because
of the poof statistics'involved. However, proceeding as for the #Al analysis a
Mg (7, po ) cross section may be obtained. The cross section data is binned in
0.4 MeV bins and plotted every 0.1 MeV step. The result is shown in figure 2a.

Interesting structure is revealed in the lower energy part of this cross section
with two peaks at about 16.5 and 17.5 MeV. The cross section shows some corre-
lation with ®Na ( p, 7,) measurements of Gove” and Bearse ef a/®  Also the

structure below 18.0 MeV in the Mg (7, n) measurement of Fultz ef a/'® shows
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Figure 2. The partial cross for photo proton
emission from *Mg.

the photoneutron cross section (a) **Mg (7, po), (b) *Mg(rs pi ),
(c) Mg (7 po+p1), see text.

to the main resonance peaks in

measurement ® .  Comparison of
the derived **Mg (7, py,) and **Mg (7, p; ) cross sections implies that the ground
state decay is principally a valence nucleon effect whereas the decay to the first
excited state involved transition through the main region of the giant electric dipole
resonance of *Mg.

In addition the **Mg proton spectra were analyzed by neglecting the top0. 44
MeV at each spectrum ( which contains only ground state protons ) as the proton
yield in this region is subject to large uncertainties. The next 1.64 MeV back from
the tip contains a mixture of ground state and first excited state protons and a

Mg (7, po+p; ) cross section was obtained by analyzing this region of each spectrum.
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Figure. 2 ¢ shows this cross section.
The integrated cross section strengths for the *Mg (7, p,) and ** (7, p; )

reactions using the first method of analysis are:

28
f MeVemb,/sr.
. 16
“Mg (7, po) 1.54+0.18
“Mg (7 py) 0.76 £0.10

The strength of the ground state cross section reported here contradicts other
workers 7’® who claim that the ground state branch, as measured by the inverse
Na (p, 7,) reaction, is smaller for Mg than for other doubly even (s, d ) shell

nuclei. The total integrated ?*Mg (7, p ) cross section is 180 MeV.mb'® .

§ 4. Conclusions

For the photonuclear decay of the ?’Al giant resonance it is apparent from
the previous discussion ( at the end of the section discussing the Al data ) that
the low lying states are very strongly populated. This is in agreement with
de-excitation gamma ray studies*®’ which consistently demonstrate strong population
of the low lying residual states.

Again for **Mg the first two states are strongly populated compared with
total photoproton cross section measurements, It appears that the ground state
branch is far stronger than earlier measurements® indicated and that it is
principally a valence nucleon effect as it reaches its maximum cross sectional value
in the region below the giant resonance of *Mg® . On the other hand the decay

to the first excited state appears to proceed through the main E 1 giant dipole state® .
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Structural Study of DyReQ,( 0.1 <x< 0.3 )
by TOF Neutron Diffraction Method

F. P. Okamura, M. Isobe, I.Kawada and N. Tsuda

National Institute for Researches in Inorganic Materials,

Namiki 1-1, Sakura-mura, Nithari-gun, Ibaraki 300-31, Japan

§ 1. Introduction
HyxReO; (x<1) is a representative example of oxide which shows unusually
high electric conductivity (10.5x107°Q +cm )’ nearly comparable to that of metal
Ag. The material forms through the rapid reaction of fine-grained ReO; with H,O.
Basic structure of HxReO; has been known to be of perovskite-type. Recently,
it has been reported that its x-ray powder diffraction pattern can successfully be
indexed based on a pseudo-cubic orthorhombic cell with a=3.7700, b= 3.7434
and ¢ = 3.7056 A 2 More recently, a careful reinvestigation of the x-ray pattern®
and an electron-microscopic study* suggested the possibility of its structural simi-
larity to DxWO, (space group: Im3, =7.562 A ) s

Present study was undertaken for the purpose of obtaining more detailed

imformations about its structure using deuterized specimen.

§ 2. Experimental
" The specimen material was synthesized by the reaction of ReO, with D,0O
(99.75% pure). The brownish black powder product in a sealed silica glass
tube was transferred into a cylindrical vessel of aluminum foil, which was promptly
mounted on a low temperature powder spectrometer and evacuated.
The diffraction data was collected by a time-of-flight ( T-O-F ) method at room

and liquid nitrogen temperatures at Tohoku University 300 MeV Electron LINAC.
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§ 3. Structural Investigation

The comparison of the profiles at the both temperatures indicated that there
occurred no substantial structural change. It was also found that the diffraction
pattern can be indexed based on a body-centered cubic cell with doubled cell edges
(a= 7.51& ), which is the Bravais lattice same as that of DyWO; . Accordingly,
structure refinement was approximately estimated as 0.2 from the reaction rate,
between ReO; and H,O. A FORTRAN IV program for total fitting of neutron and
x-ray powder diffraction profile was written by one of the authors( M.1.) and
employed for the refinement.

Since it was confirmed that the inclusion or exclusion of the deuterium atoms
gave no significant effect with respect to the contributions to the structure factors,
we assumed that only the atom parameters of the oxygen atoms are responsible
for the discrepancy between the observed and calculated diffraction patterns.

Several cycles of the refinement changing the atom coordinates and scale factors
gave better fitting.

As we mentioned before, orthorhombic symmetry has been suggested for
H ReO, from x-ray study. Respecting this information, the symmetry of the model

was lowered to orthorhombic, and Immm, Ibam and Ibca were tested as possible
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Fig. 1. Observed(*) and calculated (+) ( Immm model ) profiles of DxReOs .
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.space groups, but the fitting did not show any large improvement ( Fig. 1).
Since it became clear that any better fitting can not be reached unless further

lower the symmetry, or give a certain extent of freedom to the positional parameters

of the Re atom, the present refinement was terminated.

The final atom parameters and illustration of the Immm model are given in

Table I and Fig. 2, respectively.

Table I. Atom parameters of DxReO; ( Immm model *

o W« 1 e
Re 8k .25 .25 .25 .10
01 8l 0 . 232 . 311 .20
02 \ 8m . 284 0 . 193 .20
03 8n .193 L2717 0 .20

* Contribution of deuterium omitted.

Fig. 2. c-axis projection of the a
ReO; framework of DxReO,

(Immm model ). Only the lower

half of the framework is shown;

the upper half can be derived by

mirror plane of symmetry at z =

0.50. Fractional z coordinates

( X 10%) are shown in or besides

the ‘circles.

§ 4. Conclusion

Crystal structure of DxReO; is of perovskite-type with ReO; framework very

similar to the WO; framework in DyWOs;.
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TV 3L S icEbh %, step 4 REERRED Yy —vEZRL, & o —RBEI 5L B,
"B etis T AAE N E - 7 BHE LTV %,

SEORETHE, &8 — v DRPERMERE L 150 o fofedic, FLD/NY -V DBE
EHBTE B0, SHBEIE Y — Y ORRERBMEZRETE 5 ¥ 27 £2%21F0, BHEER/EN
EXEBEHE, RHREL ST CEREBECOBEE AL D FMICHAT 5 L 2atE LT
W3,

g ® X ®
1) AJIFEM, mEE, FAEE  ZEOTHFRERE 111978 ) 223
2) D.M.North, J.E. Enderby and P. A.Egelstaff : J..Phys. C1( 1968 )
1075.
3) S. Tomiyoshi , N. Watanabe , M. Misawa and K. Kai : Japanease J.Appl .
Phys. 12 (1973 ) 1119.
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2L 2 FPEFIT & B RS TR A
PR F OBFFE (1)

#Z LK, ED*
MRS « SARGHE 271 4K - FEiE ™

§1. FANX

RS PO KN O @ F BRI MERIE, Cu (HCOO) 2+ 4H,0 (CFTH) X LT -38C
(= 1400 V) **, Cu(HCOO) +4D,0 ( CFTD) it LT—-28°C(— 10302V ) TH
%012 L DEBELIT T ¢ HRIQ@HKs T2 CFTD 20T Turberfield @ & b Rit&h,
¢ EOBMORFATABOBFAC L BB TH 5 LA > T 5, BIETH (309) HE
EAC AN REGECHERLT, ~KEBTHSCEERLTY 2 ERIBREEMT,
P2i/a, {KBHETIIP 2, /7 ( c HFEMOD cell doubling ) &N TW5, S 5IKEEBHAK
DHI10°FT (309 ) IEX 5 BAMA B EMESNTVE) ChREZOEBAEREL TV
L3 icBbh s,

—HBERETP2,. /7D (h0 /) it LTh+ [ =2nK$ 5550 KEH0 Makita 59
(X#), Bird” , Niimura 5% (h#hET) k0BRSS i, ChBPOuH%E %k - 722
fBE P 21 (cell doubling ) 2L, BB ERCIIKEFBEH TV EEZRLTH
5% TH%, |
AIE"® O &>D& (300), (500) FENELEREIC L S b Db, XIZARKD Braggt' —7
THB, X (309) FE0EHAELIT 10 ° TOREHLH LOEB TH 5%~/ OTHET
%o AT #55IE CFTD Th 5,

§ 2. BEHI#R (300), (500) |
FIK (A FEEMAT, (300), (500) HBICHT VS, (B) FBALIF 25
(C) FERTHS, (300) iF—30 CLEFHRETEEALHALTV S, (500) FZh
FETRETOD, PERDIF B ->TW B, (600), (400), (200) DHEDE(LEEED
THCHNRBZEFE I RDEHICEZ, TORMBITHNT (500 ) Fric (300) DR HIFIEE
CREW Lichi> TS DBEDKE S EAHRILER 72 P21 (kB — s 0sinfEic

*OLITNRERE -2 v Ry vy YEERORES #V & T B,
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F1k 77 7BEOEERIL,

(600) (400) (2000

& & 1 1
-30°C 0. 72 0. 81
E= " 0. 54 0.6

0. 84

BERHTHNET, BEEEZTT VVNRO¥E &
EESH B ECLDZDOEBEDO—DTH S| R
+k| =] R: + k| 205 LHERERLITN

1L 5780,

H2R —ERHOBHE,
Rl (hl kl 11) =

Ry (hy ky 15 ) +

Ry (hy ks l3),

|R1 +k|= IR +k|=kK|

oL 2 0 4FBICELT, BEOMKE LT (£00) BEZHAE L, 53R
(200D, (400) icxtd B2RAMET, URDF D ROELERL T, CITENTH

4K, H5K® (300) BXU (500) D
ELiE KE VDT, ChsDORHEEER
HoOAEEEs D 5. F4 Ko LR, Ri=
(300 )=R;+Rs %%’ L, R, DWHET
BRI T FERE O DTN A Rk
<1 #Drhic © O HBHIECECHT -
THNZ b DDFNTOFNEMTH 5, &
K5 R2, Rs OBERFORNEEL
i, =1k DEbicH L THE
AR D/NS WD, FEZIEF (232) +
(132 ) B ERHE L TEWY 2 ORET
Bl (300) REHEHTTHA S, 4k
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¥
x
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° o
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o o ©

24

FIK
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(200), (400) D@ X+ + Vo

E=+ 1% (232) e LTR2 D3N DI LTx 0.45°TH b0 —HRERDEY A » 7

A+ 0.25°EFBESN DAL 0 45° THBEREEALE 0RBSBHNIFESE, KO
(232) it d 24k k=1%cxtiEd 3807 ° Do 0E L T, EAMEIRIFEFCK

%m%ﬂ%bfh6&m§mﬁtmoL#L%3E®(2%),(mo)mﬁ&ééﬁmuﬁf

H 5o
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FEL DEERRBA >THETHAHHH
ZEEE P21 CL BERDORKH B A>T
3k 95icBbn s,

§3. BIEFROEEEL

BT, = - 28°C (—1030 4V )bl
FTDcell doubling € & %M F#R
(309), (5015) %%6RICRY, Ik
MOET (B) XDEL (C) whdTL
0o OHWETRMICHET 5. ZHIZER
B—RCTHBEERLTVD, FTHIZ
s OREEERT, —45°C (— 1620
eV )T, CHEBD B, Chid Turber-
field @ ~38 ‘C(— 1400 £V)D5 % D5
EFELCHIET 2bDEEZ NG, &
BEMRT B -T0B,H8K (B0 /),

D BHICH LTH CIREESRAD SN S,
FIKT (300) 28idEALEHELTHS
—-30 CRCOT, ET DRICHE LTV 3,
LI C T RE_OEBTHDZH>TD
%

§4. BEAELELD

FHEEBREPITLTIT>7 CFTD OFE
HIFE? o THEBCRNTHEE T 5,
CFTHIC DWW TECFTD OBALDRE
35910 ° EIRIC TN TV B7210 TEMMIT
BELCTH 5,

4 o T, = — 28 CTHRVEY
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400—
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26=90° Nov. 78
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T=-4650 uV
-152°C
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#32
T=-1220 pV
-33°C
Mon. 962

T T
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(C)
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%Rg ERERNC T=—38 CTHHHBIEE -7 2T,
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P I ST T, o -
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200
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15 ),
UFTEREFEBMRE L TOME

W RBH _ERBEME O ARI, coT! UFTHBIEDRELZ FF 3 Eickh=
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6" T
201
i 12
ar o
1 O
o o
oL >
S #19~37 Nov. 78 T
x| T2e 26:=90° oy
2t Norm. Mon. 5000 501
o -20
-150 , -I00 . °cC  -50 -40 =30y e
-gooo ' -4000 ' _3000 2000 _1a6e -500
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42
o
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©
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4
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Norm.- Mom, 5000 6018 A
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Temp wV

H8K (206, (4012), (6018 ) DiEEZAL,
BHMRESBL. CNRZODEIBRFOSMHR LT, WHhw3 7 - ) EEBHO =5
g LBbh B, COMBRLEVEARIBOHPLON - TEIES, CHET) Y FTAlT
3 BH5EBHICIEKRT B,
A TFHCE 5 T, 13 —45°C (—1620 #V) THh 5%, OFBREB LV Tur —
berfield @ (309 ) OR¥EFMN S —38°C (— 1400 £V)T, COR—HOHMARGDE
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CARHTH B 7 = ) ABEHOEARSIEIIEIRTOERMEDOK 11000 TH 5, Lizhs
5 TCTe=-28CE0 Th =—38CETRIINMAEM, T{LUFTRHY = VHEEH (BLAL
RBEBHD VI ENTES, CO7 T ) FBETHHHILER >TEOT, ZOhs
§ 20 (300), (500) OBWED—#EEDTNEDEELZ SN B, X (309), (5015)
D T, TOR¥IIOEBCE T BB TFRFEDOEILTSH S 50

FLOWEE T, 20T, DEFEFR» S ELMENSCEREL L, (300, (500)
WS S@sn (R0 1), h+ix2n0 T, E TOREEL, BLUBETH (309)
EZDL DBEELBEBELSNESSKERETUET I FETH 5,

AWML LCREER IS BEIRKOMO RS v 70K 4 DRESHE I Z/2EH -
too D SREHOEERLE T,

g ® x #
1) K. Okada : Phys.Rev. Lett. 15 (1965 ) 252.
2) K. Okada : Phys. Rev. 164 (1967 ) 683.
3) K.C.Turberfield : Solid State Comm. 5 (1967 ) 887.
4) Y.Makita and S.Suzuki : J. Phys. Soc. Japan 34 (1973 ) 278
5 M. J.Bird and T. R. Lomer : Acta Cryst. B27 (1971 ) 859.
6) N. Niimura and F. K. Larsen, unpublished.
7 M, $K, B, FN 0 EERPIZE®RE9 (1976 ) 110,
8) MM, $K, HIL, FN : KEPDIRERSE 9 (1976 ) 241
9) I. Suzuki and K. Okada , J.Phys. Soc.Japan, to be published.
10) K. Okada and H. Sugie : J. Phys.Soc. Japan 25 (1968 ) 1128
11) I. Suzuki and K.Okada : J. Phys. Soc. Japan 45 (1978 ) 1302.



HEDIIRE $12% H15 197946 A 65

RS & 3 PR T RROTIE

By
AR5 « HEHERK

§1. HESBERETFORE

hUFREY (0, =+ 1.72) 2RBT3ENBFRO—DE LT, FRBHOMTARILS
NEMECARS 5L, hUEFOTHBEMELEROSHIT 2 € v EBLOHR & BETHR
AT K > TRISBFHEIEHT 2 THBRHENSE p5EL SN T 5, FEIZD
FERT &£ S CBHCHETH LA O TEANLT DTS 5, LERYEREDIET 2 &
VAT BRI OFBHRELER b, (cn) , PHFORE 2 () , RORKHEDEEN
(em™®) TH B, 723 L 0. BRORICTRENB LS BT L > TR 5,

bi=b"i<%>-s.f(/g)zb+p e, (1)

b SRE &, BITR, BROLS ILEZ 5N 5,
Ny = 1 = N/ 27 o A2 o By correr e e 2)
n. hORERERD DL

Ri=

Vv nl —cos’¢ —sing ]% ................. (3)
VHZ —cos’p +sing ‘

8B, CHTeRREMAERT, eRIIEFICNISVELT, 2RHEZXMH R=1%iEd5
2 Z A EFTNEBIRD OSBRI A RO SN 5,

ECATNADLS b < ORBBIRBEMADE A° =0l B ARFE N ZhiETIF
o,/ b DA TIRMGIZ 100 BEKRS NS,
CDHHEDHRRDRRIIKHA ¢ Hlnmic/hs < (10° rad ) B84 - CTHRELHH
TARIBOREBIL DB 2 mPI EOVFHBSE S, BILSE 3 RORBHANEDS, LA
EsrERTE sEECEOESEE V7 -2 )y MR, hEFREE, SREEHET:
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T HEILEIRR TE > 7 MEAAAA T 3 ) A — & A ERIT NI C DR AF—BICHBSH

3, COXHRHETHENDO L FMEIL, BEC Rutherford IEARATEMILICH > THA LAY
HARBEEDEREBODLD BEERE X570, BEZTORTTERL SRBTZED, Fikh
YFiadAH LT TOF EBROTE 2 RAA PRI OTHE T 5,

§2. HSBEREEFOER

2.1 FeCoZEHKROER

WA S THBFeCoad (Cob0~T5%) 20372 EEINETTRAT 497
BN BZE%E LTHOMBIE Lz, C OASRRIRICHERSME b<PEH LTINS L
WIT—lECH £ ) =% ZATV 55, B SDOREHC L 2IHRMIRSENLTBOECT &
BTE 5.Y BHCRHSEFRHOBDORESFONERIMB TE ZBMCEZEL T2 -T
SEEDOBNE, SROTVBLEBEREBIBCT IRT 4 v 7ERTH BV 7 —%iRAHIC
HEF BEVSALCE ORERET L0, FLORNEMA o BESRMOBERSO TS
BB HAERNCE ] HTRIEEEZ ThHlc, BERDEES M 10 IR 523,

BI&R R F5 £ M

OBk BE (A) | REEE (A %) BEZE (Tow | B E (O
Fe 50 Coso 1050 20 5 x 107¢ 45
1050 25 1 x 1078 45
1050 5 5 x 1076 53
Fezs Cos 1040 12 5 x 1078 47
1025 30 5 % 107° 53
1090 ‘ 28 5% 1078 75

ROMBS I SN ABERHS § 558, BRO 75 X F v 7 BERER» S SHEEBCRS O
B5EIRIREENLVY v —HICED DT T B,

2.2 RETOBSHE

BALRIE 35 6 kOe EDBALEIR % REESIFHICIK > T, IROBISNT X =8 — (TR BHHL
FtE2ER (300 °K) TOMLEERD S RD T,

1. A% ; FeDEE 25 %, 50 %

2. &S RETFOEMARIC 411 =5 %107

3. B ABWHTFERICARIEE LD BRERETFOH AN SAEEE S, 0 =0, 172,
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NS DERMSRENLTEDE LT, 25 BORILE LT 2 DOBEEHICDOTIROBE LIRS
Boh T3, EADBVBEOMKIRLNE (—HEFE B0 5REDBROEZBREL
Rick b0 E RBLCHIATE 2 TH 5, XNCORLFHAS, WEHEDHTORITHRIC
FECSIMT DT, 2<BEELRIBSLB EIX) , ChiCKLTES, $8H5EESLD

RBIIIFFICRE D, HROHED M

Fe25C07ls heet 085 Ms
RiEc s /im0 100 oBE O omshe i

No Tention !
CHRAZMA D LR EALEDY) ;
BB T LE 5> OTHET 5T 039t
LRTERVS, B RIE TR /]

-1000
FOEBIE 2 KiTRT L DT,

R LD B 720 b, AIERME D
TR L Sy, BE
HH/NEL 8B, Fe Co & D , et

ST T T s - mmeemnm TR T

=N} s 5, FH D
] #%bbﬁ%énéé LE 1IN BRERF) v2fi. BHOKWES
Peic—B T B, LOhic LTH CX AR TS D,
RBTFE LT OBEERVS L Fe2sCors ]
RULOBDHES ¢ & 1L BEITHS i
Tention T

WTH B, L LZDOEDLEFD
HHER A D BB (b = p it B
#) BELTHHEAS BEEL
F755 7500,
DEOBALAIEDER (B2 H)
&, 6000e. BRE DM THRAR
& LTERT A EBE SN
2l &, RUHSHEUESEESRN o BMRexTY VRS, BEHDOH 2EE
BN DI HET L DREE R (X2 ABPHEFHED,
CEALT 2005000, RBTFOHUEECHTIERECIT—D2RD BT EMBHR &M
o

T TR s -
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HwoEk R RIFTRIOEE,

] il Al E X 4 [

B 1| He Hel | Mg |H H{ | Mg, | HS [ Mga | Hex
Ms MR.‘. /Ms / MR// /Ms / / /
Gauﬁ) (Oe) (Oe> (%) Hc (Oe) (%) Hc MR[ Hc/
; 87811871 [110 [544 | 299|620 | 272 63.1] 240 | 71.9 | 2.18 | 0.86 | 1.25
CA 523 | 331|584 | 301 | 58.5| 279 | 66.6 | 254 | 0.89 |1.19

g (094)](1.1D) 0.73)[(1.1D)
Feso_i 86.31183%5 (114 519 | 344|597 | 3.02| 58.0| 289 | 66.7 | 2.54 | 0.89 |1.19
' B 477 | 374|545 | 3.28 || 57.3| 297 | 655 | 2.61 | 0.83 |1.26

Coso ! (091)|(1.09) (0.98)[(1.03)
| lsas]| 1501 | 958|484 | 305|574 | 318 66.7| 200 | 79.3 | 209 | 0.73 153
e 454 | 325|534 | 339 | 66.4| 210 | 781 | 2.19 | 0.68 |1.55

; (0.93)](1.07) (0.98)[(1.05)
volgo.3| 192 | 671388 | 257|434 | 383 | 80.7| 110 | 90.8 | 1.64 | 0.48 |2.34
‘D 517 | 217|569 | 323 | 67.5| 148 | 75.2 | 2.21 | 0.77 | 1.47

! , 1(131)(0.84) (0.83)[(1.35)
Fessi  [179.3| 1727 | 777)20.7 | 321|376 | 413 | 74.2| 114 | 94.3 | 1.47 | 0.40 | 2.82
'E 484 | 281604 | 3.06 | 59.8| 163 | 74.7 | 2.10 | 0.81 |1.46

Cors | (161)(€0.74) 0.791(1.43)
i |714| 1462 | 7740261 | 267|366 | 345 | 67.0| 109 | 94.2 | 141 | 0.39 245
' F 428 | 2310599 | 298 | 57.0| 141 | 79.2 | 1.82 | 0.75 | 1.64

| (164)((086) 0.84)] .29

Ms: Safnfft, My: B&ERL, &bdic X Y L2 -5 —0Fd, He Filll7),

H{: 0.8 Ms QEUBDME, H—B: RA0RBVES, B& RIOH 556, F=
Bohy a3 GIBR/E—B , BAR  ASPHEFCEUERELSR, KRSHM
AGeh#EFiert LSTR85 o

§3. FEFREIE

TR SR (4) 3D 25, 45 3.6 A (071 B & S I HESEHRE T2 ASHp T A LT
6.2mrad fAEE b€, SEABEC LTHHTE- 454 Y EC@L, CORRESME,
10000e BI0F %, XhHEFHROFKEMAIZCAd —~ 7 —3 ) * =4 —=T3.7 mrad M 50T
B it FORGTEREL 5. 315mT, ¢ DERETR~6.05 A DREDOHHT £ THEMY 5 C
EHTETS B .

3, 4 RIEREREIE DB ORIE DK HRE K 55 Ot FOFIMOBRECH T 221L
5 LEbOTH 5.

C DREEH SEBRET & LTOMAE H K50 O TIRO RS SR & 1772 - 72
| RHERORREE 70— M5 REMRICHEE LI FeC o BT 02 < 7 LRMHEORE
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CHANNEL CHANNEL
0 2 10 190 270 350 430 510 0,30 M0 W0 270 350 40 510
Myler FesoCoso
Myler FezsCors Y
moni=46637 ' mcznl.:l.7369 .
BACK G Bc=6115 mrad.
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6c =6115 mrad.
10 10
-
z
w 7] = ",
_ z .
z ©
{ z -t -,
g 10 g 10 -
=} =)
< <
: :
S ]
10 10°
10? 10 20 30 40 . 50 6! 1o 10 20 30 40 50 80
WAVE LENGTH AlA) WAVE LENGTH A(A)
FIX TR FAX hEEFEAE,

EHEL, X704 52ERD Fe ColEOMALIIEROBLLEF L LKET 5, X 70—
NAT 2R DRMEBEBRAEARE L T B,

2. REROFREE LOFE»SHEZ, 4K LTHES, 6RO IITKE 5,

3 BREE IS (0.) E77RT 4 v 7FEE, D2FOPRHTFDOTIRT 4+ v 7FETD
FHAENT A -5 it LT, RERLHEEOBKE LTHEL, EBREOUKRETES, —
BlE LTEIRICFOXDRIETRDIZ2DDINS A — 5 — % -7 3 EEERE TG, T OH
»5, $=075mrad, 036,115 mrad&IREHMY DT 4 — 5 —CEBEZDH
DELSHMALTO BT E05Dh >7,

Y4 & =
HRRBED S 25 BORALDOMEEE CHROERD S D& H~Z & 0.93 THRALDRIE 7Y
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5—BERT,
NEHEE s OEHAEI»Z D F > K4
DKL DR EFE LT 5o
<4 7 — P & OREHE C D&
OFFA TR 150,
X Fe CofEit» & R 5> DGR BE
EH25 # Tk 13.4.A, L105,

L LREESEEEE» S EBLS
3o TEORERRBILT 50
BafthTH 3,
G T RS rh M F s T i R
Db D BREGEHERTECOOT
OFEP, BN S REEN, R
BT OREHELSN DR T HH % K D
CBZ BT L, FMISRAERD
Fricc Rz i,

ChoDEREHEC LT, BHEY
-5 —WKEORMEL, RlBHPH-F
[ % 1775 5 R DB DML AT -
T3,
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WAVE LENGTH  A(A)
FOX  BRETRER,
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1) J. B. Haytor, J. Penfold , W. G. Williams ; J. Phys. E 11 (1978 ) 454,

2) WUVEER, <15 —OBEHE, ’

3) FeCol@%Bl LIctptbTFNi 77 X7 4 v 7 BIRTRRF S N 3SRt M BA S
%, |

4 XEHENTEROAME [ KENS 0@HRE 2 hic k 3 hiEFaEL] W53 %7 8.
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BRESEE 7 ) RZ2 Ve TF 54 F—1E
i & B BGL HEBGEL

KGR, BRI ¢ GRF
B T EPGEAS ZRIER **

SRAZLAYDCBY ZKEEFOREE - FOXI BT R F BN OFHVREE, &
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M VEIRT

§1. HUXYILFFSAY¥—k

1.1 @LHIC
0.1 eVEIEDT 2 F —Efbtio % &b 755 hHETIEBMEREL R YV AT IR OK b5

BETANHT, BICEBKRILAWOREE - FOL S ICEHRE(LQ DKFHDFIT
WVEIEBMEE TIE, BT 54 F v 22V E DM BV L RBHFRT ORI
~NEBCHFTHBo Webb? WEF 74+ v 75 A0 o >0.1eV TORELHEEE~
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HEELIGAT A Lk, HBMASICHAMROOL HRNE SNI-OTRET 20

1.2 JURSILT7FS5A4AF—EDEE

SOVRHTFEE ROz 2 VR 0 TFIAF-ETE, B1Rom, ABEaBAN
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TEZ 505, —F, ANHHHETFORE 1,13, TOF &bk S5h 22MRITHRR ¢ &, B



73
Detector
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Moderator

FBIK VRS TFIAHF - Rk 73R ORER .

Sample

& 2 OEGELPHEFHER - RINGBHZRITIT 20 LD, RO KD SN B,

ok L2+L3\|
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HBLIZTRRT S V7 DY, m3PFER, Li1BLUL: + Ly l3ZzhZh AHTHEF
BLUOBELPHFORITEER, 0, dMELPHFOEETH %,

(1), 2)KX&0, Bl sz xVvF-FILEB LTEHRBEQ B ThThkR o 52
51 %,

1
2

00320>

HLZCT260 AR L 2hTOREATS %,
CCTEATVAEIBQEEDH T D RKEL BOHELTI, HWEMSREKREL $50K
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Quasielastic Neutron Scattering of T1,Te—TI
Liquids near Immicibility Gap

Shigeharu UKAI, Kenzo KAI and Kenji SUZUKI

The Research Institute for Iron, Steel and Other Metals,
Tohoku University, Sendai-980, Japan

§ 1. Introduction

The TI-Te liquid system is one of the most interesting binary liquids, because
there is a compound Tl,Te with semiconducting properties which is stable only in
the liquid state and the micibility gap as well as the metal-semiconductor transition
appears in the range between Tl,Te and TI.

Currently Hoshino et a/!) have measured the quite precise two liquid phases
separation curve in the TI,Te-Tl phase diagram, which has the consolute point
at 80.7 at % Tl and 583.3°C as shown in Fig. 1. The concentration fluctuation
in the TI,Te-Tl liquid system has been investigated so far from the thermodynamical

point of view by Nakamura and Shimoji?.

The aim of this work is to T T T
600
examine the atomic scale mechanism
of the phase separation and concentra-

tion fluctuation in the Tl,Te-T1 liquid

T (°C)

500

system by the measurement of the

quasielastic neutron scattering cross

section so as to get a good insight into 400 —==—* | : .
1 1 |

the macroscopic characteristics of the 100 %0 w2 70
T1,Te-Tl liquid system. Fig. 1 Phase diagram of Tl,Te-TI

liquid system?!’

§ 2. Theoretical Background

The observed neutron intensity for total scattering is the sum of the coherent
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.and incoherent scattering terms in single and multiple scattering events. Bhatia
and Thornton® has expressed the coherent total single-scattering cross section
do(Q)/dQ|.n for a binary system, by introducing the number(N) and concentration

(C) correlations, as follows

do(@)

coh

where @ is the scattering vector ( =4=sinfd 1, 26: scattering angle, 1: neutron
wavelength ), <b>=c, b+ cyb,, 4b=| b,—b, I ¢; is the concentration fraction

of 7 th atom, 5.

; is the coherent scattering amplitude of j-th nucleus, Sy(Q) is the

number-number structure factor, S¢c(®) is the concentration-concentration structure
factor and Syc(@ is the number-concentration structure factor.
At the limit of @ =0, the eq. (1) approaches the thermodynamic expression

connected directly to the fluctuations in the number and concentration of the system

as follows
ijl%Coh=<b>2<"N——N_)_2+{<b>6—4b 2N (4C)? @
where (;’VN)ZI P BT Cxs— 21 CPC;PCV) , (3)
(40> = kT(%);}P , @)

(4N)? and (4C)? are the mean square fluctuations of the number and concentra-
tion in the system, &=p,( 0, —v,), p, is the average number density of the
system, ; is the partial molar volume of /-th atom component, xg and xp are the
adiabatic and isothermal compressibility, Cp, and Cy are the constant pressure and
volume specific heat and G is the Gibbs free energy of the system.

In the neighborhood of the consolute point for the binary liquid system such
as Tl,Te-Tl liquid which is separated into two immicible liquids far from the liquid
-gas phase transition, the major contribution toward the coherent scattering cross
section comes from the concentration fluctuation in the small @ region, while

negligible from the number density fluctuation. With the increase of @, however,
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the inelastic scattering term due to the propagating contribution of sound waves
becomes comparable to the concentration fluctuation contributing to the quasielastic
scattering term. Therefore, it is necessary to discriminate between the inelastic
and quasielastic scattering contribution in the coherent scattering cross section.

In the present work, this discrimation was experimentally carried out by means of
the time-df—ﬂight energy analysis of the scattered neutrons and then the observed
quasielastic scattering term in the cross section was approximately regarded as the

total expression for the concentration fluctuation in T1,Te-T1 liquid system.

§ 3. Experimental
The Tl-concentration of Tl,Te-Tl liquid samples used in this work and the
temperature where their quasielastic neutron scattering cross sections were measured

are shown in Table I. The measureing temperatures for the four samples of Te-T71

Tablel  Tl-concentration, measuring temperature and
concentation-concentration structure factor for Tl, Te-Tl
liquids used in this study.

X TCO (<b>0—40b73 Sccl0)
0.71 530 0.28 0.59
0.75 570 0.34 1.47
0.81 584 0.41 1.38
0.90 591 0.56 0.43
0.81 586 0.41 1.18

” 591 ” 0.85

” 602 ’” 0.66

” 605 ’ 0.58

to 90 at % TI liquid are immediately above the two liquid-phases separation curvet),
The temperature dependence of the quasielastic scattering cross section was observed
about the Te-81 at % Tl liquid which has the closest composition to the consolute
point in the Tl Te-T! liquid system among the four samples.

After quenching into water the melt of weighted mixture of T1(99. 99%)
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~and Te (99.999% ) contained in a conventional silica tube, the sample was sealed
in vacua in the specially designed silica cylinder sample holder with 0.3 mm in
wall thickness, 10 mm in inner-diameter and 100 mm in length. A pair of such.
sealed samples was vertically mounted at the sample position in the spectrometer.
The temperature of the sample was controlled within + 2 °C by the electric furnace
specially designed for the heating elements not to interrupt the neutron beam in the
flight paths. The sample and furnace were installed in the vacuum chamber so as
to eliminate the air scattering contribution toward the observed T-O-F spectrum.

The T-O-F neutron spectrum I (¢, ¢ ) from the sample was measured by
using the stationary-rotating paired crystals neutron spectrometer ' installed on the
pulsed neutron source from the Tohoku University .300 MeV electron LINAC.

The three different kinds of wavelength for monochromatized incident pulsed neutrons,
that is to say, 1=3.76, 1.88 and 1.23 A, were used. He-3 counter bunches were
located at the five scattering angles in the range from 26 =35 to 59° Therefore,
the Q range scanned in this work exists approximately between 0.1 and 5.0 A™.

As an example of typical experimental T-O-F spectra, the spectrum for Te- 81

20=59"

SAMPLE
( Te-Blat’hTl (602%))

INTENSITY (arbitrary unit)

0 300 350 200 CHANNEL NUMBER
. , L  ENERGY TRANSFER
50 20 10 5 0 -1 -2 23 (mev

Fig. 2 T-O-F spectrum of neutrons scattered at 26 =259° from
Te-81 at % TI liquid at 602°C. Dashed line means inelastic
scattering peak and solid line is quasielastic scattering peak.

at % Tl liquid observed at 602°C and 26 =59° is illustrated in Fig. 2. The dashed

line in the figure means the inelastic scattering peak corresponding to the energy
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gain in scattered neutrons. The quasielastic scattering cross section has been
defined as the peak area under the solid line from which the dashed line inelastic
scattering peak is subtracted. In order to make the peak intensity normalization,
the scattering cross section for the vanadium metal bar having the same size to

the Tl,Te-T! liquid samples was measured as a standard sample. The multiple

scattering and attenuation correction were

applied by the conventional way as 251 ®

described in the previous paper®' . - Te-81at® Tl
(590 °c)

§ 4 Results and Discussion I “

In the range of @ from 1.5 to 5.0 2.0r
A7, the structure factors of Tl,Te-Tl -
liquids obtained from the quasielastic

scattering cross section are well consistent

1.5

with those observed by the conventional

neutron diffraction method. As an example,

(O]
the comparison between the S(Q) of Te-81 I \
at % T1 at 590 °C calculated from the 1.0 @/
®

quasielastic scattering cross section and @\/
that of Te-85 at % TI 600 °C measured by ®

T-O-F pulsed neutron diffraction®’ are

05
shown in Fig. 3. L\
4
Figure 4 is the summary of the TI- "'\‘ 7
L o o
concentration dependence of the quasielas- | -0
tic scattering cross section in the low @ 1 2 3 fb l:)' 8
region less than 1.5A™, so-called small Q(A)

Fig. 3 Comparison between S(Q) of
Te-81 at % Tl at 590 °C calculated from
temperature just above the phase separa- quasielastic neutron scattering cross
section ( solid line ) and that of Te-85
at % Tl at 600 °C measured by pulsed
tue dependence of the quasielastic scatter- neutron diffraction® ( double circle ).

angle scattering ( SAS ) intensity, at the

tion curve. Figure 5 shows the tempera-
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Fig. 4 Tl-concentration dependence of quasielastic neutron
scattering cross section in low @ region for Tl,Te-T1 liquids
existing immediately above phase separation curve.

ing cross section in low @ region of Te-81 at % Tl liquid.

it is found that the SAS intensity from the Tl, Te-Tl liquid system becomes maximum

as approaching the consolute point.

From the both figures

Based on the Ornstein-Zernike theory concerning the correlation function in

liquid near the liquid-gas critical point, Fisher” has obtained a formula approxima-
ting the scattering cross section due to the concentration fluctuation in binary liquid

near the consolute point as follows
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Fig. 5 Temperature dependence of quasielastic neutron
scattering cross section for Te-81 at % Tl liquid.

’ /<1+52Q2> , (5)
coh

where the superscript ¢ means the concentration fluctuation and ¢ is the correlation

do@|° _ del0)
dQ Icoh dQ

length in the concentration fluctuation.

If the observed quasielastic scattering cross section is assumed to be totally
originated from the concentration fluctuation, we can obtain the magnitudes of ¢
and do(0)/dQ|g, in the Tl;Te-Tl liguid system by means of the Ornstein-Zernike

plot between (do(@), dQ|n)™ and @*. The value of £ is shown as a function
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,of the Tl-concentration in Fig. 6. 2 o

The relatively sharp maximum is : /

found near the consolute point in 21 - /© .

the Tl,Te-Tl liquid system. This "

concentration dependence is rather P

pronounced than that in Cu-Bi mol- 65 =5 55 55 330
ten alloy system observed by Zaiss Fig.6 ¢ deterrri:le/OdT;)y Ornstein-Zernike

et a/l® The magnitude of ¢ is plot of small angle scattering cross section

almost same between the both of for Tl Te-Tl liquids.

Tl, Te-T1 and Cu-Bi liquid system, while the one order higher value of & has been
reported in Li»ND:) and K-KBr!® solution indicating the electrolyte-metal transition.

The value of Scc(0) was obtained using the relation

da(0)

a0 c0h={<b>6—Ab 12 Secl0) {6)
where the value of § was calculated from 20 ~
the experimental density measued by / \\\
Nakamura and Shimoji'!’. The result is 151 3 \
shown in Table I and Fig. 7. It is inter- +
esting to note that the peak of Scc(0) shifts% 1.0
toward lower Tl-concentration region from @ T
the consolute point. 05k T
Near the consolute point Scc(0) varies
with temperature according to 0 . . )
60 70 80 90 100
Secl0)~ T e, M) at. %l

Fig. 7 Sc¢c(0) versus Tl-concen-

where e=(T—T, )/ T., T. is the temper- tration in Tl, Te-Tl liquids.

ature at the consolute point and 7 is the so-called critical exponent. The plot of
T/ Sccl0) versus T—T, results in a straight line as shown in Fig. 8. This implies
that the concentration fluctuation in the Tl,Te-Tl liquid system can be described

in terms of the classical law with r=1. The similar conclusion has been given
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to the ND;—4.17mol % Li solution by

Chieux?® too.

thin wall silica sample holders and the member of Laboratory of Nuclear Science,

N
o

)

\

Y\ T/Scc(0) xi0°
o

\
Oy

1 -2,
(T-Te)/Te (x109)

Fig. 8 Plot of T,/ Scc(0) against
T—T,. according to eq. (7).
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§ 1. Introduction

In a previous report!’, we showed for the first time the existence of density
effect in K-shell ionizations by ultrarelativistic electrons, which had been predicted
by Dangerfield? but was not observed in K-shell ionizations of Cu even at such a
high energy as 900 MeV® . We found that the K-shell ionization cross section of
light elements does saturate, but for heavier elements the cross section does not
saturate so remarkably as ‘was expected. And the ratios of X-ray yield of Na and
Cl obtained from the same NaCl target are different at two bombarding energies
of 70 and 230 MeV as seen in Fig. 1.

In the previous experiment, we directly measured the increase in the ionization
cross sections and this method requires high accuracy for beam current measurement,
because the increase in the cross section is expected to be only 15 % from 70 MeV
to 230 MeV. On the other hand, simultaneous measurements of X rays from light
element, where the density effect is expected, and from heavy element, where the
density effect is not expected, are free from uncertainty of the beam current. In
this experiment, we measured ratios of the X rays of two elements at two bombard-
ing energies. These results are compared with the Kolbenstvedt theory including

the density effect.
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.§ 22 Results and Discussion

Experimental details have been described in Ref. 4.

We measured X rays with a gas-flow proportional counter at electron energies
of 70 MeV and 230 MeV. Targets used were combinations of two elements: ( F,
Al ), (Mg Mn), (AL Mn) and (Zn, Sn). The target (F, Al ) was
prepared by evaporating AlF; onto a thin organic film in vacuum. Others were

prepared by evaporating two kinds of metal. The L X rays were measured for the

NaCl- K X rays
¢, . 70Mev
300+ 5, o
m Na R . 230Mev  !90
% AA‘A.‘...:
3 S -
~ B a ‘0 a . ‘:.
& 200 .3 A T H100
'.Z_ AA& % o . a ®
o S v
8 a ‘. . ; s s
f' aa® AAA . ‘A.Q
100 . ‘..‘ : . AAA 450
:‘. Aﬁ‘éo A‘A.}. A;‘A‘A"A“ A, ‘5.‘%
Ay, 0 ! o
I | | 1
0] 50 100 150 200

CHANNEL NUMBER
Fig. 1. K X-ray spectra of Nacl obtained at incident energies of
70 MeV (C open triangles ) and 230 MeV (solid circles ). The
right scale is for 70 MeV and the left one is for 230 MeV. The
dashed line shows background.
target (Zn, Sn). X-ray counting rate was kept about 30 cps to avoid serious
pileup.

As exsample of the spectra thus obtained is shown in Fig. 2. The ratios
at 70 MeV and 230 MeV are shown in Fig. 3. The experimental errors are only
statistical one except for (F, Al ), where the uncertainty of background subtraction
was taken into account.

The ratio of X rays here is defined by
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Fig. 2. K X-ray spectra of Al and Mn obtained at incident energy
of 230 MeV. The dashed line shows background. The bump between
peaks of Al and Mn is the peak of Mn with Ar X-ray escape.

R (23 0Mev/ 70 Mev)

F/7Al Na/Cl Mg/Mn Al/Mn
B S
~ ~~\“"‘--~-----__-_
~

Zn/Sn

Fig. 3. The ratios of X ray yields at incident energy of 70 MeV

and 230 MeV.

The solid line shows the Kolbenstvedt theory excluding the

density effect.

The dotted line and dashed line show the Kolben-

stvedt theory including the density effect using the dielectric constant

given by equations (2) and (3) respectively.
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R= Y, (230 MeV) /Y, (230 MeV) _ 0,(230 MeV)./0,( 70 MeV) )
~ Y,(70MeV) Yz (70 MeV) 0, (230 MeV) /05 (70 MeV) ’

where Y and ¢ are X-ray yield and ionization cross section, respectively, and A
and B indicate the elements. Thus R represents the difference of the rate of increase
in ionization cross section for the elements of A and B.

' As seen Fig. 3, R clearly differs from unity and shows that the ionization
cross section for lighter element saturates. In this figure, solid line shows the
Kolbenstvedt theory excluding the density effect and the dotted line shows the one
including the density effect.

According to the Kolbenstvedt theory ionization occurs due to the photo-electric
effect by virtual photon which is equivalent to the rapidly varying field from incident
electron. In order to take the density effect into account, we use the dielectric
constant to calculate the virtual photon spectrum. Assuming all electrons can be
considered as free for such high frequency photons, the dielectric constant is

expressed as.
cw=1—0l/0® with o2=4zne?, /m, @)

where ®p is called the plasma frequency and 7, ¢ and 7 are the total electron
density, the electron change and the electron mass, respectively. Then, the
increase in the cross section is shown as a function of the plasma frequency in

Fig. 4. The solid circle shows the value using plasma frequency given by equation
(2). To reproduce the experimental results we take ®, as a free parameter for AlF,
and Nacl, each of which has only one value of w, . However, this procedure fails
to reproduce the experimental results as seen in Fig. 5.

Here we summarize the experimental results obtained up to present. a) In
the ionization energy loss the density effect has well been experimentally established.
b ) There was no saturation in the K-shell ionization of Cu up to 900 MeV electron
bombardments. ¢ ) Our experimental results show that saturation is remarkable
only for light elements.

One possibility to explain these facts is that the long wave approximation,
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Fig. 5. The ratios of X-ray yields
predicted by the theory in which
@, is parametrized.

Fig. 4. The rates of increase in
ionization cross sections calculated
by the Kolbenstvedt theory including
the density effect. Solid circles show
the plasma frequency given by
equation (2).
used in deriving eq. (2), may no longer be valid for high-frequency electromagnetic
wave to obtain the dielectric constant. Actually, the wavelength of 6-keV photon
is about 2 A and is comparable with the spacing of target atoms.
In order to take account of this fact, we tentatively assume that the dielectric

constant can be expressed as
—2 2 - —2 2 nd ;e
cw=1-o)l0)/ o with Glle=0/ (1+()")" , (3)

where d and 4 are the spacing of atoms and the wave length of virtual photon,
respectively. In Fig. 3 the dashed line shows this calculation and explains rather
well the experimental results. We also show this calculation in connection with
the previous data in Fig. 6.

Thus it is suspected that the spacing of atoms is comparable with the wave

length of virtual photons which can ionize K electrons and this fact must be taken
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Fig. 6. The rate of increase in ionization cross sections.
into the theory. Further theoretical development is required to understand in detail

the density effect. And more experiments are also desireble to develop the theory.
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Chemical Effect by (7, n) Reaction of Neptunium—
( 2,2,6,6—tetramethyl —3, 5—heptanedione ) Complex

T. Sekine, M. Sakanoue

Radiochemical Laboratory, Department of Chemistry,

Faculty of Science, Kanazawa University, Kanazawa 920

The enrichment of **Np was tried to obtain ?®*Pu tracer by hot atom effect
accompanied with ( 7, n) reaction, followed by sublimation technique of 2, 2,
6, 6-tetramethyl- 3, 5-heptanedione ( H+thd ) complex. The enrichment factors
were found to be 32.7 and 124.6 respectively for the irradiation of " Np-thd

complex itself and that with La carrier.

§ 1. Introduction
The hot-atom chemical study or isotope enrichment have been made in our

4

laboratory, by using volatile organometallic complexes'™', and their volatilities were

also studied with labeled complexes®’®).

In order to study hot-atom chemical effect, it must be necessary to choose
adequate method to separate the produced nuclides from the parents. Vacuum
sublimation technique has several advantages as follows; (1) separation in dry
environment, (2) unnecessity of any chemical treatment before sublimation, (3) rapid
separation, (4) a suitable method for the separation of trace amount of nuclide.

By using organometallic complexes, sublimation can be carried out at lower
temperature than by inorganic compounds of the same element. A kind of the '
B-diketones, 2, 2, 6, 6-tetramethyl-3, 5-heptanedione ( Fig. 1) ( Hethd ) has
been reported to form thermally stable complexes with several metallic elements”® .

In this report, the neptunium complex with this ligand was applied to enrich

Z6Np ( EC+#~ ) produced from ®*'Np by ( r, n) reaction. As the decay scheme?

in Fig. 2 shows, ®*Np disintegrates to **Pu and to **U with a branching ratio
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Np-236
Chy CHs —m
CH3_CI-——%-—CH2——(I'I:—(_|‘,—CH3 EC 50% 2% pouse 2

., / 38%

CH, O O CH
3 3 - 05377 Pu-236

CH H2002 M.W.=184.28 L 0.0452¢ / \x UKX-ra

2,2,6,6 ~Tetramethyl-3,5-heptanedione
( Dipivaloylmethane)
thd or dpm

Fig. 1 Chemical structure of a
B-diketone used for this study.

-236
Fig. 2 Decay scheme of Np-236°".

of 50 % respectively. Among these nuclides, **Pu is commonly used as chemical
tracer for environmental plutonium analysis. It is effective to enrich Z6Np by hot
atom effect for the preparation of radiochemically pure **Pu with as less decon-
tamination procedure as possible. To enrich 2% Np, the complex of ® Np itself and
that with lanthanum carrier were compared as the target compounds in regards to

the degree of enrichment of ®*Np and a discussion is made for the difference

between them.

§ 2. Preparation of targets

Previously, neptunium A-diketone complexes were investigated by some workers.
Titze et al. synthesized Np Cacac ), and investigated its structure'® . Karraker et
al. tried to synthesize Np (thd),, but the complex obtained by them was considered
to contain several organics and Np ( VI ) complex besides Np (IV) complex!')
Mishin et al. synthesized Np ( thd )4, and the thermal behavior of that complex in
argon atmosphere were studied by differential thermal analysis, thermogravimetry,
and X-ray diffraction'®

Refering to these studies, the target complexes used for our studies were
prepared as follows. Without any purification, about 5 mg of commercial *"NpO,
( The Radiochemical Centre, England ) was dissolved with hot conc. perchloric

acid. After excess of perchloric acid was removed by evaporating the solution
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. several times, the treatment with hydrogen peroxide was carried out in dil. hydro-
chloric acid media, and then the solution was slowly evaporated. After taking it up
in 50 % ethanol, H- thd-ethanol solution was mixed together and then 2N ammonic
was added dropwise, followed by a stirring for 2 hours. Neptunium complex formec
was extracted with benzene and organic layer was-divided into two fractions. In

the one fraction, La ( thd ); was added as carrier. Then, solvent was removed from
both benzene solutions under reduced pressure. The complexes obtained thus were
purified by sublimating them two times. To know its chemical form, the amount of
neptunium in the definite weight of this complex was estimated by «-spectrometric
analysis, and it was suggested to be Np (thd ), from this result and also from
absorption spectrum of benzene solution of this complex. Furtheremore, the valency
state of neptunium in the original solution used for the synthesis of Np-thd complex
was examined by applying the adsorption method proposed by Y.Inoue et all!®
And from the results shown in Table I, it was confirmed that neptunium in stock
solution was mostly in a valency state of IV.

It becomes easier to handle the target compound by introducing a carrier

Table I Adsorption of neptunium on BaSO, in various conditions
with chemical reagents shown in the left side of the table'® .

Np-237 Np-237 Pa-233
adsorption concentration adsorption
Np-237 68.0 % 1.5x107° M 87.3 %
stock soln. 87.2 ” 84.4
FeSO, (2x1072M) 95.0 ” 89.3
NH,I(4x1072M) 94.4 ” 84.1
H, 50.8 1.2x107° 82.4
l (platinum black ) 50.6 ” 87.92
air oxid. 90.9 ” 91.7
90.9 ” 90.9
Np(V) 3.7 0.9x107° ~100
3.1 ” ~100

Cerrors <+ 5% )
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during the synthesis and obtaining the complex in fairly large amount. As carrier,
La (thd), was selected by the following reasons; Though both lanthanum and
neptunium form thermally stable complexes, lanthanum combines more hardly with
ligand than neptunium in the process of synthesis, lanthanum complex can be
separated from neptunium complex, if necessary, by sublimatographic deposition.
Furtheremore, by irradiating of lanthanum with “Bremsstrahlung” of LINAC, any

nuclide to interfere the measurement of ?**Np is not produced.

§ 3. Irradiation

“Bremsstrahlung ” irradiation was carried out by electron linear accelerator of
Laboratory of Nuclear Science, Tohoku University. Platinum plates converted
electrons of 60 MeV to Bremsstrahlung. In order to avoid the decomposition of
complexes during irradiation, sweep-magnet was used to remove unconverted electrons
in the irradiation course and the targets were cooled with dry-ice. Irradiation time

was usually about five hours.

§ 4. Experiment

Irradiated samples were sublimed at 225°C in a vacuo just after irradiation.
After sublimation, each fraction ( sublimate and residue ) was treated with conc.
nitric acid and perchloric acid, dried up and dissolved in 3 ml of 8N hydrochloric
acid. Then, DIBK( diisobuty! ketone ) pre-equilibrated with 8N hydrochloric acid
solution was added in the equal volume with the aqueous phase to extract **Pa,
which is the daughter nuclide of #*'Np and emits uranium KX-ray by its A-decay
to 2 U.

The extraction of 233Pa was necessary by the following reason. The measure-
ment of ¥ Np is effectively made by measuring the same uranium KX-ray, which
is emitted by the EC decay of ?°Np to ?*U. On the other hand, it is difficult to
measure 2%Pu and 2%U after irradiation, because they have fairly long half-lives,
and the measurement of 7-ray accompanied with #**Np decay is not effective because

of the small branching ratio to high energy state of daughter nuclides ( see Fig. 2).
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Fig. 3 Low energy photon spectra of the sublimate and
the residue for Np (thd ), .

§ 5. Result and Discussion

Low energy photon spectra for the sublimate and the residue obtained from
the irradiated Np (thd ), are shown in Fig. 3. The peaks are identified to be
B'Np r-ray, Pa KX-rays due to the decay of ®*'Np, and U KX-rays due to the
decay of *® Np. By comparing the spectra each other, it was recongnized that

“%¥Np was enriched in the residue, and the counting rate of U KX-rays peaks

decreased about one ninth for about 4 days.
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Fig. 4 Low energy photon spectra of the sublimate and the
residue for Np-thd complex with La carrier.

The spectra for the sample having La (thd); as carrier are shown in Fig. 4.
It was found that 2$Np was also enriched in the residue. But, in this case, it was
characteristic feature that 7-ray peak due to ®"Np in the residue was very small
relative to that in the sublimate.

Furtheremore, 2%Np was identified by its half-life measurement. Since the
growth of 2*Pa from ®"Np increased U KX-rays counting rate (Fig. 5), the
corrected values were used to calibrate 2*Np for each sample. The counting rate

of U KX-ray just after the sublimation were used to calculate the enrichment factor
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Fig. 5 The contribution to U KX-ray counting rate by the
growth of Pa-233 and the corrected decay curve.

Table T Experimental data and calculated enrichment factors.

Np-237CPM Np-236CPM ENRICHMENT RADIOCHEMI-

86.49KEV UK X-RAY FACTOR CAL YIELD@)
SUBLIMATE 3130+27  821-+177
Np(THD), 327+ 72 843+ 68
COMPLEX RESIDUE 513+ 14 4395+ 184
SUBLIMATE 2150+23 1147+ 20
(LA+Np)THD 1246 + 65 571+ 2.7
COMPLEX RESIDUE 23+05 1529+ 66
( Np-236 )RES ,~ ( Np-237 )RES
ENRICHMENT FACTOR =
© (Np-236 )SUB.” ( Np-237 )SUB
RADIOCHEMICAL YIELD@) = ( Np-236 )RES X 100

(Np-236 )RES + ( Np-236 )SUB
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or the radiochemical yield ( defined as shown under Table I ).

By comparing them, it was observed that the radiochemical yield was larger
for Np (thd ), irradiated alone than for the complex with La carrier. This fact
suggests that the annealing of ®*Np may occur more likely in the case of Np (thd),
itself because neptunium more easily recombines with free ligands than lanthanum.
On the contrary, the enrichment factor in the case of Np-thd complex with La
carrier was much larger than that in the case of Np (thd ), itself. The larger
value of the enrichment factor may be attributed mainly to good sublimation yield
of %" Np-thd complex in the La ( thd ); media (®* Np (thd), ; 85%, #*"Np-thd
complex with La carrier; 99 % ).

The decrease in sublimation yield or the increase in decomposition for the
case of Np (thd), itself may be causgd by the following two reasons. (1) the thermal
decomposition by heating. The neptunium complex contacted to the glass wall of
the sublimation tube may be heated to higher temperature. Such effect is relatively
larger in the sublimation of small amount of Np (thd ), itself. (2) the decomposition
during irradiation (dose or dose rate effect ) or that due to a-ray from *'Np itself.

Such hot atom effect may be applied to prepare enriched #*Np and to obtain

enriched #*¢Pu as its daughter.
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MRS & B EiER CF ORE

ERF - £RKEBE KT
SRS - K RE*

The 2Ne (7, pn) and ®Ne( 7, 2n) '®Ne— '®F reactions have proved to be
useful for the preparation of carrier —free '®F. The production rate was
determined as a function of maximum bremsstrahlung energy up to 60 MeV.

As the result, the production rate at 60 MeV was found to be 10.5 uCi /

n#Ah,/ g of neon.

§ 1. ¥ ‘
18 BRI 1104 & O S B ERIE oK Y b o VREHET, L bThEE(LF

RistEicEtrtcs, ESAMTARICERLE I VA - —2F0PT VLI FHHE L - T

j

%,

ek, mIBEB R Ao brnvickb %0 (PH, n), ®O(a, pn), 'O (°He, p)s
2Ne (d, @), ®Ne (3He, ap ) Kis, $20RETHFHHEFOLICO, RFETEET S
SLi (n, @) *H, "Li (n, n’@) *H, O (*H, n) ®FO#E& - KGICHE LT8G
nNTxt, L LANSBTF) =Ty 2ic KAEHEPF 0BER L RSICRTENTE ST,
CNWERTE 2hEMIHASHTED,

BT =7 v/ ic L HEBEK T OEIE, 81 RIOR LIk ik 4 v ICHBRG RE I
T2 ELL-TEBTE S, EOHONNE DT, TOGEMAREMER I~ TR
Bz, BFOAEFRICBET S ENTE S,

AFZICBNTIE, "FESBNHEEGZORAMEREKEELLT x4y - AR5
— 4y MT 30 ~ 60 MeV HIBESHEEZRBH LT, FELTPNe (7, pn) BLTFPNe (7,
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H1E Photonuclear reaction on neon.

‘midige (ebundance) Reaction  Fioduc  IAWIMe o Decay
*Ne (90.92 %) 7. n “Ne 17.3 s B*
7. 2n ¥ Ne 1.67 s BT (—18F)
7, 3n "Ne 0.1s BT (—'F)
7, pn 1Bp 109.8 m B*(EC)
7, p2n R 64.5s B*
7, &n 50 122 s A
#Ne (0.257%) 7, 2n '“Ne 17.3 s B*
r, 3n % Ne 1.67 s BT (—18F)
7. p 2E 11.0s A~
7, p2n e 109.8 m £*(EC)
ZNe ( 8.82 %) r, 3n * Ne 17.3s Bt
7. p 2 4.32 s B
7, pn 2 11.0s I

A (FE 99.7%U L) #ANZE 50mm , EX 100 mmOFHEB T v 7 vic, Kiiw/ x —
7 =&MWV T600mm HgHAL S =47 v b E LT, £ 20MEREEITNTRMEER N
7z,

22 B g

SNVZNE S 1w B, ¥V R BB 300[m D 30~60MeV NEET %, 0.53EHEDES 2
YN=5 RO THBENRICERLBH LU, Ty P rizaga v ~x—s—n5 lem
DE = L8 EIOKEICE &, 2EEEMENRET v Zrh @835 L9z, 1A%
I UN—g —BRIUORET v Az icBEDkA L,

BNPOE - 2BREE, S LLDT7>5F4H v T THIELE 7254 aTE=4 —
DEHREEN L, HEATHET 5T & TR, 83000 BEHBRIIT~TOHRE L
7o,

2.3 *F o@E4R

WMOT v Fvip GHERL P F 2EIT 2 2D LI O L5 WP HERa 2R 47, 3 PERE
20mm, & S30mmOHET ¥ Vi 600 mm Hg DA Y H2&EHAL, 60 MeV &lBhisgt
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BERICIERE S5 C LI K DA S E, REBOKHHRAESR CHoREHEL D, ART VT
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HEEERIEZ, & 50 Uw #Na ZEEREE RO T HR A v~ R/ W g 23R %5k
WTeH580cm®Ge (Li )R E, 4096 RAWEAREROTH -1,
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BF OARERE, Salklick ) 2ERE, BHhoe - ABREEE 57y FEhD,
#Ci/ uAh/ g of Nek L TR®DI,
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3.1 |Fom@EiR
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T3P, ZhBBFSEIIE0TIII =7y b« Fx Y N—% EARME TIEEIT 2 085K
SRMEEL TS, AEBRTEET C — L —HBHRHRBHEOIDHET v 7 VEKE LT
T hs, BEEICHIE L AR U F 2B TS 308 5 pplTh -1, Lrlah
X FHBRE TR NaF BmIRTHEINEA v RBIC L 0OBERE NS E WD EERE L,
Zhiz Svoboda 52 It X ZMFFERE—FK Lck®, BFOERBERDZICH > TIH
NaF &g T°F 2B L, ERENEOHIEEZBCE ST Licl i,

3.2 *F ORILEHFE

'8F EUAE DB M A v~ ARERIE LT 2 OFRIE RS ok T A, KHRE ( 109.7 43)
C—B L7, Thh ARk F ORALFEIME 3D TEW T DTS h,

3.3 “Fosmx

®Ne (7, pn) HBLUPNe (7, 2n) ®Ne =~ FRIGIC & 5 '8 F O ASRA IS 65
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%1% Deep-sea sediments analyzed -
(1977.5.4 -5.14, Hakurei Maru )

Positi
Sample osition Depth | Area and Samples
no. Lat. Long. m. Topography
o ’ o , Bottom of 499cm length, clay
P103 | 36°55.8'N [130°33.7°E | 2188 Tsushima Basin| and ash layer
o , o , . 545cm length, clay
P 104 | 36°24.9’N 131 07.1"E | 2025 ditto with ash layers
P 105 |36°37.1/N [131°16.0’E | 2088 ditto 3%?;;“ length ,
Northvx{est of 785cm length , clay
P 106 | 37°35. 7N [131°33.4’E | 2444 Takeshima , with pumice layers
Bottom of

Tsushima Basin

BREOVICHNBRIE INBLUE I RITRLICELD T, I &KE2000m 2LEOHED
SERIE N, MR, P SR RIOMIE T, P 103, P 104 3EHSEORM
icHY, P105, P106d, PPEMESEROMEOAMICHZLSNhTWS, HREEET
1m0 FOHREE L INTV S5, ThThD a7 OKRERICET BFEME, P
103 %3%9 50,000 £E, P 104 TH 54,5004, P 105%730,8004F, P 106 THJ 78,500 fE L7110,
KEEEREE A, BEOBRREDORILICESE L fckidg, #KEREDEND - tBRES
tEDTHD, BB, FLRLODEEHOE LS, K LHHMDOBERIIP 103 L P104T
#150cm, P 105 & P 106 T34 100cm HEE STV 3,

RIS DFEHT, BROMBMNTHHEBEL TH 54, —&, AROAKERE (Gihit
LEEL )P, BAZEUERD LN, TThER a7 5 —TENE W%, KB
F0 1enffifgOUIR & LT SN,

§3 £ B

31 B &

ITHE ORI &Y ) AV ETHER, 2/ VAKRTH-SHKBEL, BV Y ATV
ETIOHMEZE LIERIC L, 20R30mET VI =9 AFICEELT BHE 9m, EX
4~5m®DT 1 R 7 ICERE LU THREHMES et L7,

HeEEERl & LTS BRI L e 2on kA E LT, BHREEIEEEL ] B-1 58AT
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AR EERDT 4 27 icl, 2a7TRABORRICEEBEL:, Tho%, BIRIEOHEMED D
DHgLE L & BICHEFICHAL, RILKFEFIAF v 7 5D30MeV HFEHT2 ~3
BRI L 7o, SRR OR Rs SO RS BT 23 M BR LR TH S 9

32 AERUER

BEE, R 2 B LOBRE K 50 r %, KEF + Y XIHBIODGe (Li) KRS
7229 — 7600 — 1721 B ERIHBEEOTESESIOOMCART rifx <7 bax b Y=Li, &
AHEOEBICHET MELZOr HOT A NVF-—RE2RICRLIEBOTHD, W17 AR
Kbtz - TRIEEH T 5 &, Ca, Fe, Mg, Mn, Na, Ti, Ba, Ce, Co, Cr, Nb, Ni, Rb,
Sr, YRUZr Dt 16 tROEFREZFBPETRD 5T LBTE I,

#2& Nuclear data.

Element Process Eggfggt ‘ Half -life T _? Egvll)sed g‘elét:;lgme
Ca {(T, p) 8K 22. 4h 374,617 1 - 2d
(r, n) " Ca 4.53d 1298 10 — 156d
Fe (r. p) % Mn 2.576h 847 2 — 5h
Mg (r, p) # Na 15.0h 1368 1 — 2d
Mn (r. n) * Mn 303.0d 835 > 104
Na (r, n) %2 Na 2.60y 1275 > 10d
, " Sc 83.9d 1121
Ti (r, p) { > 10d
®Sc 1.83d 983,1314
Ba (7r.n)+(r,7) '®MBa 28.7h 268 1— 2d
Ce (7, n) 1% Ce 140 d 166 30 — 40d
Co (7, n) %8 Co 71.3d 811 30 — 40d
Cr (7, n) SICr 27.8d 319 10 — 15d
Nb (7, n) %m Nb 10. 16d 934 10 — 15d
Ni (7, n) T Ni 36.0h 1378 1— 2d
Rb (r, n) # Rb 33.0d 881 10 — 15d
Sr (r, n) gm gy 2.83h 388 2 — 5h
Y (r, n) 8y 108 d 1836 > 10d
Zr (7, n) 8 7Zr 78. 4h 910 - 2-— 3d

Bo2RDOr BEEoE:, XETERLSORIRIEOHEICOWTEBIHEESNTED &7,
HERALFERE B3 2BEEBIFEIL, %Fe (7, pn) **Mn KItic & 3 *Mn D &R, WU



123

. 7Al (n, @)*Na RGIc k3 %Na OEBTHD, 2hEh~ Y H VBV 2 v 940
ERUG EBET S, SRV T VI =9 ABEZRBICEETIHEL TR, ThoORBENSKE
THB, BB DT, B LR CBE LckiskiEick ~THIEL, BEicouvwTid, &
BhOT7v =9 szt + v V88AE LTI ILEER UTHIE L72AS, = O IZBEHRD &
BOTH5!) 4B, COTNVI=Y ,OFERIEBEKICKDOERELELC EMHTEZY,
HEd: EREOHSMEATIC L DERER LA HE Lc & A, MEDFERD AT FME T
LTO%BLUNTD -7,

i, ANVILEFI VOB, 3ATOOrBEAVT, FNFhERBERDE
e, EDTREERACTOHERO-BUEBRIFT, FHEMSD/NSY FIHANY Y LTE A%,
FOVRTTHBRBETH 1, TOMTRICBT 2ERIT, 2hZ W EEBEERA L,

§ 4 BERUEBE
ARO SN DV TEBRICH SN - EBRFERE, STROBEHME LTHEIEIC—HEL
TR L, &hicid, HEICHWARE SR ] B — 1 O tR MO SHME © &R L7,
% 3%  Elemental abundances.

Element Ragg‘i ;relamples JB—-1
Fe 1.9 ~ 52 % 6.27 %
Ca 0.44 ~ 8.47 6.60
Mg 0.58~ 1.94 4.67
Na 1.9 ~ 5.2 2.08
Ti 0.27 ~ 0.47 0.803
ALY 50 ~ 13.2 7.69
Mn 237 ~ 14500ppm 1160 ppm
Ba 340 ~ 1580 490
Ni 14.7 ~ 73.7 135
Co 51 ~ 34.7 39.1
Cr 22.8 ~ 95.5 405
Nb 556 ~ 66.3 20.7
Sr 85 ~ 596 435.2
Rb 85.3 ~ 186 41.2
Ce 40.1 ~ 154 67.3
Zr 104 ~ 633 153

Y 13.4 ~ 37.2 25.5

1) the aluminum values of core samples were
determined spectrophotometrically .
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273K T3 Ca, Mn, Ba, Co, Sr, KU Zrig&ida7 ORMEPESIC & -~ TREXE)
DELWTETHD, —H, Na, Ti, Al HERRBHEFHPDIENT EB8DNL5,

wic, EEERELHRCEICaTORSKM LTSy bL, B2~TRITURLICEBDD
EEAEEL. 75 7OBMIE% X3, ppm TEOLLILHEEETHO, MMIRErSORS
<, AROXAFERIC TR LIcE B0 TH %, FRRIICHMRIEEEST 5 LRDOLD
s 5,

41 Ca,Sr,Ba(E2R)

ANV Y LBEOEVWBERENENOa T THEOMRAD O, $E05, P 103: 205
~206cm, P 104 ; 205~305cn#5kL F345~485cm, P 105 5 125~225em & KU 285~
286¢cm, P 106 ; 125~205cn# LU 245~305cen7s ETH 5, L HDBIARMICSAIK
BETH-T, BAIMLAPSRICERL T EEE—HLK,

Ca o Sr - ppm Ba ppm
o__ 2 4 60 200 400 600400 800 1200

125} ¢
250
375

500} ¢
cm

2501

500r

750F
cm P SR W [T S S S Y U S S

O OO P103 ——le e A e P105
—e—s—— P104 —v—+—*— P106

gox =7xEKIcEFSCa, Sr, Ba 057,
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ANYYLDENBICERA Fu Yy FULSRBBINTED, MEDAM s —VIZEMULT
W5, 9805, MIrHE ORBRIEE L TOMRBEHOEUMERMLTWE 60 LB TE 5,
LL, WY 9 LDy —vED—HEMLTLEBLBVLITHS,

42 Cr ,Mn Ce (F3IX)

v YAV RERREERI TR THD, HBREEH 55X TEEL AR TH %, EiE
BEORBICIT~ V7 i3k EHICEBRINTO 3T EREIIER SN TV 31953, KR

Cr ppm Mn ppm Ce ppm

040 60 80200 600 1000, 40 60 80 100

267

125

250

375

5001
cm

250

5001

s-co--o--0--P103 ——A—ra—b—-P105
P104 P106

%3 aT7EkcBFB5Cr, Mn, CeD%F,
HRTHRE (~60cn) KB T Z~> HVEBEIZP 103 ; 4267 ppmH 5N E P 106 ; 14456
ppm BEEFELL GV, TV AVEEOSWEIZP 103 &P 104 TiE 200cnfl¥ric, P 106
T3 250cnffRiIcd RO SN, Thid, TORRICKEBOREHENE OBEHILE OEEH hidH
S7ebDEFEZLHNS, Bonatti ' S IEFTHIHO KFIER I & B BREFEEN D AHRIE 7S HERE
MOBE &< v DR EDBREREL T35,
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$7:, EBIAD TOBREARICOV TR M, BEMGRODTWEBRIERELD b
BTHREICHZEEZONTED, FTBTHEU YA Y (1) 44 v HHERYORBUKICE
FTEHE# L, FEORIEICASEBU R~y Ay L LTHES 20 EFELLN
B

RO C &0, fOEBILREERT 7 ob, )Y 2 TOHEEShLHLEONTDHER
HHEDPE TR M-, UL, Fe, Co. Ni, Zr, TiBEW L OHDOTLR T YAV
LEUMBIcE— s 28BS EMNTE I,

4.3 Fe, Co, Ni (B4E)

SUBEREBIIBLTOOEVWE AL LENTE S, hbv vV ERU LD ICERILET
ZOTET, B B TEEb () $2IkBbek () & LTI 2DT, KEOD
BB OPE LB EEZLNS, UL, # (1) 44 YIAREHRILME L THBIEE

Co

ppm
30

125

250

375

500,
cm

250

500

750
cm i L 2 1 \ i

—~—0--0--0--P103 — Al —A— A—- P10S
P104 P106

F4K = 7HREIcBF SFe, Co, Ni DO,
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CEESATLES 0T, 2AOHOSHRIEEE FBTHE DASREI LEL D3,
BMRESETERD T U b, = o i VDT Sk SO S5 — V57 L,

44 Mg Al Ti (B58)

ATEROEEA BT RV IR VI L, TI =L, F5YOHFHIR, FEBETREICD
fo o TREBEEREL, TLB, BERZIE—EE VLB,

% Ti
00 1002
125 L
250 4k
375f L
5001 4tk
cm
O " T T
=
) 19
SE
250‘. ) y’;\vﬁgg o
=X
e
15 na4q p
5001 4+ 4t
12.2]
i T 115 1T
12
750F 4t {1t
cm " L I S T L
——0--0-0--- P103 — ebmte—t-- P105
- P104 —r—+—3— P106

F5X aT7ERcEBT 5Mg, Al, Ti D9,
45 Zr, Nb, Y (ZB6E)
CNOWBHATRR, Avy v tBUMBICE -7 BEES O, Zh oMM b
DOE =7 BN OhBONERETH S,
46 Na, Rb(HETHR)
TV LBBKORMENEZ ONBDT, FHEXITEHRBEL I K LEVWEEDLS
B, WIhic LA, EEFRDRAVEY Y LEEETH S,



128

zr ppm NP opm Y

200 300 40

125

250

375¢

500
cm

250 A1

500

750 1r
cmi (s " 1 I
-——o--0-—0--- P103 — bbb~ P105
P104 —r—r—>— P106

%6 a7REICHEFSBZr, Nb, YOL1,

Pk, BABEEOITREHCEB D B, 1TTROBENMERD, B Leh, Aviol,
Z kO VT YA EOEYBROLE, % < VA V15 EDOHERBRREOZ BRI TR DS
2, EEEICE ) SHIR(EFOERICERBERENLEEONS, i, KEOKBTK
BT IFREZS SEREN £ e R FERERE & LT AHO L S BHRICERICHATE S
EEZBNB,

AR RICBILETR S, WECOWTHBE T 7, BILKPHER, AR KIS
4%, BETERR IS0, @B HEE > 2 EILRRR TR A ER A\ KREF B
12, ABRRKEELB LSy IO L2 IKBELL LB L BT 5,

K15, BIEEO I CRERFHREMDEIC K -7,
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Rb o
100 140 180

-~

250

500

750
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—e——— P104 —r——¥— P106

FIX 27 Kicsd5Na, RbDLA,

& % X o

T.Kato and Y.Oka : Talanta. 19 (1972) 515.

T.Kato : J. Radioanal . Chem. 16 (1973) 307 .

T. Kato, I.Morita and N. Sato : J.Radioanal . Chem. 18 (1973) 97.
N.Sato, T.Kato and N. Suzuki : Radiochim. Acta 21 (1974) 63.
T.Kato, K.Masumoto, N. Sato and N.Swuki : J.Radioanal. Chem. 32
(1976) 51.

6) T.Kato, N. Sato and N. Suzuki : Bull. Chem. Soc. Jap. 50 (1977) 1930.

7)

K. Masumoto, T.Kato and N. Suzuki : Nucl. Instr. Methods 157 (1978) 567.
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8) WA, ABRK Aty 7 (1958) 478.

9) A.Ando, H. Kurasawa, T.Ohmori and E. Takeda : Geochem. J. 8 (1974)
175

10) K. Bostrom and D.E. Fishér : Boreas 1 (1972) 275.

11) E. Bonatti, D.E. Fisher, O. Joensun and H. S. Rydell : Geochim. Cosmochim.
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BV BELHZRLAENEE MWPC) (D)

R
AR « /ML ESE « chigAk T

$1. B

FiE 5| & fex, 192F + YAV MWPCOFR MEfTH -7 D THET 2, SR
PCOSI F = ¥/N—+ A= FEI2K (HilElZ 8 M ) EHEL, 2F + VA VBEHTH 5, % /-0
EOFZ2FTLDMHODRY v ML 2EENRONIOTHRY T Lic, 4EEF = L
ITeAVVI-DFRPEITIE oo THZLDMTIELL SN BEBFDOLELSZT
Fx =)= FITENT—bE2PT, Ny 7779 Y FOREELZERSELSIENIBD
TH 3,

2c . HV =43 kY
§2. HTRR 200MeV 40" .| AvER

BIEE, '2C KU BeO ODEMER, o5
ABEBF T xVF - 200MeV TITH >/,
MEREG S 1 TR~ ZEELSMLHETE & [
CLTH 3,

FIXEF = v N—H— FOAHL X 10%}
WEHIEIERE (Ve D Icd 2318% 7 5
28 - (XBR1BR) OR&E T LiTRL

COUNTS

FBIX Vylextdd0525 - & it 107+
o KhOMFEIZI 77X 5 -Dk
XXERDT, 1275 L 8upld 8Ly
FALTEL, sum 1~8i134 T
DY 525 —DiHEDAEE, sum
2~TRREIB2HLSTETD
Bito FREBIMEN TV L X 102
OHEEETH 3,

TRE &2V -YEENFeT  RBRFEEARENT
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Th b, itHid | BEORF » ¥ XVOEET, BERIZPC, BELAIIZ40°, BEHIEZETH
DEMWELILbDTH 5, Vo WBVLFTRAREZZI1IDI 7RI —DFHBMNEL 1L > T BH
7 AR brrEDLOBEBSHEETORELBDNS, DY, RKES1HS8LLET
DY 528 -DFHDEEH (KD sum 1~8 ) b VB8 VUTTHIML TWd, TOo3MSE
DEENB TN EFNFNEAFGETRLIBIREZbOEEDN S, $HDE, Vo0& btk -
TEENE7 525 -~DRESRFEATE (VR WEY 7R —3/NSBBO, &7 5
25 —DFABOEFHIIZEALEAL B0, EREsum 2~T TRV B6 V514V ETRIE
—ETH B, B> T OHBHD V, TI3IF 100 BOHEESBSNATH 3L 80N 5, LT,
Vrid8V &9 3,

%2 X3 BeO #RIEL e 2= 7 b LT *Be RU 'O OBM#EL Y — 7 05 ( KO A
Fo YRVBEEI050E)E, FNLDBFIANNF-DOFOESTHLE Ny 7779V F
OES (KOLER, F+ vy 21FES 43 LT ) 2R LI, #ELAIE60°TH 5, R bdho, 1
BHOBLHL OREAEL THRVET -2 (1), hlilog@Ezl, K&x8lto”s
SR —%BNED( 1pi4 ). &5

CAES 107 T25 - BRSO [ BeO 200Mev 40" X V45 . I
’ 100} z/lcseu Y .
(1psv ), 1BHE 2 BHORME K Y =a2KY. e
DEF— 4 (Cr) FRFETHLEL O BOf et L
nEEL, K&s8ULDIFRY —% 0 PR o
1p,.

B b0 (Cpyy ) Tho, BROH 50 v
i CF ¥ xAES 105 PLE) B2TH I
l%@?f‘ﬁ{f 1,/ LTCEDLLTH 5, «» 50} L

z

9 ol ; :

FE2X BeOZHIEL &R 7 100 | . Cr
IIHEMEELTT, ZOBBHILE ..
FrRxvF-0Emn. FRED 50
FRUTRETEROHE%E 125 ) -
IKLTR Lo £ D, 10i3 18 NI pmirtn
E@EE?"&, 191—7&0;‘1;)2# cp“,
BehznlBHD 7924 —

DREX 1S TET, KU 2R 501

57 % TEDLHL OREE LE |

%)@’ C rdi:%@ﬁﬂ%%—l—ﬁ@gﬁ 0 Seie oo esen’ o gee 0y, oenses san’ *ey
T —=7,Cp1o REEHAKT I 5 20 40 120 140

2H -DAEXZ1PLTETE CHANNEL NUMBER

WIS DTH %o
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E2RD(1p14) E(lp,n )ZRETEE, KEZ 1D 7R -52BRET, Ny 2775
TV FOFHEB DL TV B,

Fzlvaze oy —igonTiE, #OERFEEORENLHD, RIEEF vy a7
N9 VE—THNT = bEPTBENZ > THEPENT 2 HRB RSN, +427E872X MIT
XD oTre TORIDERBRF 2L VAT e HOIV I —ICEBH — MEBSF 2 V/N— o 7
— FOASMICEID AR, ZD54 I V71K >TREFLTLED eDITHET 2EN¥BFL
1o TOMRIFELTDTREOD, —HOF +» YAV TRPZ ZENTE L, FINC, F
2 K& 3E UEH (B BeO, #EL
#60°, 72751 MWP C OHEINESE 4.0 oop YYZEOMY  xVas 1,
kV) TRIE L e R ER T, K3 kb S sm.uutkluﬂ}{i'
| BHOEF -5 (11 ), ChicF =L ; '

VAT BV S —THE - MDD

Cene, .0 *

.

. eee! o

0 o *eogqer

1ot
. 6'56:5
DOC1r+C), ZBOREKE Iy — b 0
. -
EhdlbD( Cr+C)Th 3, FE2KX §0 T —
ERBROLAH TR EBOHMEL 25 . gt
KL TR Fzlvazehovsy S0 "
-0 = b 50 nsec TH B, H3 0 et Sl ey
20 40 120 140
KC1r DEFE2K(1r DEERLT CHANNEL NUMBER
BIBEDH Ny 7 759 v FBEL 13- #3K BeODHEETF L vazAvy
. I & -0 LR, FE2RERERF
TRAOE, FHE- LRSS LI sk b GHICHEATRIOMNEE |
- Th 3 ( SEMIC & BHIET 2 S2IC LTRLT, 1r i3 F=zb v
7 b5 ( WiET, ® 7-ﬁ079—éﬁmgﬁmt%®}
KTk 3nA, F3IXTHEIONA), BHOAT—%, 1r+CRUCr+C
. . BEOUFNFLYaAT e HIVH —
(1r+CHE(Cr+C)T, KoLt TH - b EDY & E 01 BHRURE

AT + ¥ FMERTIC B~ BRI & Bt OET -5 Th 3,

DAREES KL 12K, BT + 2V DAHR LT, BT T2 LYy a7 « Ao vy —%ptHL
THBRA XY PVICEHNDBRON S, L L, Fabvaz-av sy —ORIEIEASHLTH
%o

§3. F & &

FxlvaTeho Vs —DNBRIFEETH 2FENDM 1203, £€F v VR NVICDOTAN
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ANDEYABEF S FDICIRE SXHEHEETETHA D, 5B TR MLIcF= a7
CHAYVI—F—DDRERETET + YANVEW -THY, £ 2BEFREVES, FEHO
&5 EBRIIE SN ISV EREMASH Bo B> T MWP C BADIM /Ny 7779 v FiEZEE HIC
B BNEND B, FDHICRBREDETRIATHAT, ZBCTIHENSBLEEBDN S,
FrlyaTge vy —iconTsd, ZBICL THEOERIAKETEI D, FEELHCS
g4 B4 ERH b LN, BEZBEED MWPC 2&itthTHD, F=L¥aTz-n

UYI—IONTHEHMEKBRIT XA ETE> T FETH %o

- % X ik

1) kR, /ANLEIESE, Rk SEAHZEHRS 11 ( 1978 ) 286.
2) FAHK, NUBIESE, X KERAFE#RS 10 (1977 ) 295
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BDM o & X % %

W ARBERE, %™
B K - LEHE - ERBET

$1. B &

CHNETHERCBOT (e, e¢'p ) DBF T A VF -5 5 p, SOMERE KD 3184,
BEMGOMYEMDT 2 VvE —BIRLOIREL IR T v 7 ( —BICE T keV ) CEF T2 0¥ %
EATHEL, SET 5BF A7 b VAR TTEHEL TROWEEED 7200 T LEFE
DRt X W F—iCB 1S AWHEFBERKD T, LHLOLIPUND (e, ¢/d) DERTIE
F1RERED 22 vF -BKEL, 1 20BFALF -THIELALIDZ X LE-LDHD
25 (71, do) %k BICEARRESHEHBIIH MeV Th B, COREBEEHBD T X VE— 4
% AV CHETRCE R B1Cdh 72 - Tid BDM DGR ZHEEDHEN AL b 5bA,
Li® “NOBHAICRHETZ D WECBR S NFHEIRORERS 2R 7,

Eeld°Li,"Lio(r, x ) DERIH -T, ALBEFzirv¥-BHECRETIET
% BDM ORIEZMBEHNTRARY PVERIEL T, 220KDIR<T b VOERIS—E
T 5K D IR EERIITRD I,

§2. EBRURER

=y MIOLi (JEX5.67 mg erf )& "Li(JES 6.80mg ef ) DT 4V b — 7 FH,
30 MeVOBEFHRERHF L BHSNB TR Z OO F% BDM ESSD O 25 47T
ELTe E-sitidd 68 -5y MERPKBKNFRIEOAERZNZN30°, 90°TH 3,
BDM O3 NMR THIEL, fuLEuEIcEd 3B FTx v F¥—5510. 5MeV & 15. 5 MeV
D2 DDORIFFETHEL 720 £ SSD H7 D DFAEMHEIZHFI 250 ~ 3000 HTH ~7z. 1
D (b) DSEEETRFICEB I BRI (SSD ¥ 7 b3 ) ZHOTKDI X<y b AT, HAL O
BT 3 rF—10.5 MeV, BHid 15 5MeV TORIEMBTH 3, CORERiTBNTIE, 2F
HOSSD 45 100 #EHDSSD £ T3 202 HL 1o, HOL B WEVAR LN 5, Huls
HOBEICHY T 576 BHORRARBEICL T, 22D T b ANBTE 3720 —8T 5L 13%)
RERD Iz BONTHR(BELLHREHIORIFE 1 ROW) K hETELN T/ BD
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M4, ¥7 b 3icxtdsHh%E(5)
ICRL 7. 881 KD(a) 3EIEL
1R AE RN TRDICRRT b
NTH Bo BRDBERBIIID
AEELDNS 0, TORERY
oK Fickt L THHEAHTE %
WhEIMERBID, MY MY
et LCEA A H 2 KT
b5, FE2XD(a), (b) 1351
MERUL ZNZNEELIR
R, WEEORITHIET 5o
FY b ODRRT FIVORTE
J=UieE Vi ¥ SR AT 7N N )
D, THFNY I TITIVED
DS REETH - Fcfcd & B
N3, HF1K, HE2XDla) D
BVHEMLRT, F1ROELE
INEPRFIFEFELVSDE
EZzoNb,

BIE L7 shs A8 H L7 %
FHIMICRY, Chud *LiCe,
e’p)’He® p, & p1 DAL
R BIDHITITIS 723 DD
T xF-OBBFRIICLSE
FrxvF-DHOMEEER
RDOEIICE STHDTH %o

Sgﬁ —132824 + 0 22522
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EFHOT FF —13 30MeV, BLIT E(BDM
OhLEEOBRFOT 2 vF—) =10 5MeV,
BEAUIE, =15 5MeV O &= DRIEMET, 3@
DSSDIKDVWTEH L7 D, Ml FHE O]
BALL 72 ) Th 5, HilihZSSDIC Atg 5L
DEFDO T XNVF—-TH 5, (a) iFSEIOEIEL
fsh ARV E DT, (b)IEBDM, Nod, ¥
7 F3OFhEEROIZE D,

Spe  Sau, Szs I ZFNZN 26, 24, 22 MeV OBETARMENT L 52 <7 VW TH B, BIELIEY
EAFVIIY, TR VE-DEOHBINETLDNSSTTY 5, 53 KOEROMRI £
HIia L F—DBTICHETARAELFOR <7 M VOMEEEE DHEREIC L2 DT, Lidks
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3D SSD ICDWTEHL 72 d D, MIFE (HEBILLI DT
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