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Low-lying States
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Abstract

A conference on the structure of the low-lying nuclear states was held at the Tokai
Research Establishment of the JAERI, for three days from December 14 to 16, 1967.

The conference was held in the three sessions; (1) Present status of the experi-
mental studies, (2) Theory of collective motion and (3) Nuclear structure in (f+p)
shell region.

This report is a collection of the twenty-six (26) papers presented.
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Preface

A conference on the structure of the low-lying nuclear states was held at the Tokai
Research Establishment of the JAERI, for three days from December 14 to 16, 1967.
Arrangements were made by the Nuclear Physics and the Linac Laboratories in the
JAERI, and by three young nuclear physisicts in other institutions. About 60 physisicts
participated in this conference.

The last conference on the nuclear structure had been held at the JAERI in 1962.
During six years thereafter, huge advances have been made both in its experimental
and theoretical studies. This time the topics of the conference were therefore selected
with intent to trace the recent developments in this field, and the following three
sessions were held.

Session 1. Present status of the experimental studies.

Session 2. Theory of collective motion.

Session 3. Nuclear structure in (fp) shell region.

This report is a collection of the papers presented.
February 1968

The Conference Organizing Commitee :
Naok1 OnnisHi, Kenj1 Kuso, Teruo KisHiMOTO,
ZYVN-1TIRO MAaTUMOTO, TokK10 KUROYANAGI,
Masamicar Wakal, TsuToMu TAMURA.

Editors : Eiko TakekosH1, KicHINOSUKE HARADA

* L OWERHIAARRTAOMEFSE A LKREEERNLL ULRERE (hEROEVERERE) OWETH 2,
o ERE 40 LI EORTHEOME, JAERI 1020 (1962)
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Part 1

Present Status of Nuclear Structure
Experiments in the Intermediate Mass Region

(Chairmen : Mrtsuo Sakar and HARUHIKO MORINAGA)
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1. New Isomerism as a Probe to Study Nuclear Structure

TOSHIMITSU YAMAZAKI*

New experimental method to study isomerism and nuclear moments is described.
Isomerism resulting from the generalized NORDHEIM Rule is discussed.

1. In-Beam Spectroscopy DFE
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E—DEREBRTFTHK .

BT BOREYESOHOREMMBER S 1.,
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& 5. R&M72 3 2O ET 5 M K% Fig. 1 (a),
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Fig. 1 Pattern for excited states and M-series in
even-even nucleus,

JEHUR (Fig. 1(a)) KBTI L=, = Tidne
LT R F—8 IT+1) WHHIL, LicdioTHERT
FUF = DICHBI L CERRICHH T 30T, ke
DENYYFU—YaV e AR bO A —L2 T+ 4
DA TH 1P O TH ot ds HaEd Ge(Li) iy
i BTARZ bax—20RBICXD, BETIE Fig.
1(b), 1(c) DHIRAEGHE KL TEXZ L SITIE - 7e.
i, MRIID S TN MM S ROGRE L - TH
2.
BT, BEHOHNE ST, REEKROREERNESR
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LT EiICk D, KROHEMNS ST 2.

B, BHRER, v— A0 FHKEESTAK
align LTW3DT, ¥ BOBSGL G5, HEMOR
BV, YROZEMBED assignment 23422 LT
3.

¥C LU MRIE 212 2 NICIE O EERT A3 isomeric
THolE LD TDEER, v—aZtr oLl T
BEYHROBFELLONBLECEVBEICZOELES
MBCEMTER. NNV R e E—ABICED isomer %
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W 10 ¢ sec DEFIEETTH 7. YAMAZAKI-EWAN?
BAVE Y470 b0y o 0HROE—L « NV F
(F5FEIE =2~4 n sec) ZFIFH LT, nsec fHIRT ¥ B0
B2 RIE L, BE K OEFHa isomer 2H>10 3
XTI L e

Y47 tny - E—Laid, 2OL D isomer %9
WAKNCEIN SR TERT 205, RHEINZEETYH
DAEESHOMEENL WO.D2RZhsc&icky, #%
BY|DRRIZEAL, F8bDb, BEe— AV EADRIE L
OHEMEMAZLO5NBCENTX B, P isomer D,
N AKIERR Y (PGAD 3IROETK & BREHESHD

* gik# Tokyo University
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#l& LT **Pb(e, 2n) **Po IJ& Y AR X 5. Fig.
2 KRNI I NS YL, BXU O0n sec BREL -
YOI FINVF— « ARJ bERLI. Isomer OF
KDDL DE—~ I PBRER R P VIKRALTY
5. ZhZENO ¥ — 7 OENEL% Fig. 3 IKRT. &

DR Fig. 3 (I IKRT & S BEMNBESEB LN, Ch
*F THI SN Tii- 6* isomer(T,,,=38 nsec) DT Hic,
& 57-lc 8+ isomer (150 nsec),

Z DFRIZ

11- isomer (24 nsec)

ar—ar!

- B comee  Z°PPb (@, 20) #Po  Eg= 30 Mev E
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. f 1803 -
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Fig. 2 Prompt and delayed (90 nsec) 7-ray spectra of #°Po in the ***Pb
(@, 2n) *"Po reaction at E,=30 MeV.
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< Lo 1425 9ae g 4+ Lnsec
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< E 1282 kev b 3
F ]
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0 0+
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Fig. 3 Time distributions of three prominent 7-rays in *°Po (left) and
relevant level scheme of ?°Po (right)
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Fig. 4 Time differential angular distribution of the 1180-keV of *°Po under
the external magnetic field perpendicular to the beam-detector plane.

DEENHS P EINI DT TH S,
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RGBSR NDC EDBDP > TNEDT, BIEGH
% 135° iR L T i 0 &t 5 LARMER
HE D BB AR DI BIHS Fig. 4 [CRENTVBY. O
HEHS, chbD isomer DRYKE— 4 ¥ FBRES
Nt AHBFEGLBVE =7y P ERVE L, BX
WEBREIERICE » TEREI BT 2BEAESRKD
SNBTHAD. Fhboic, KOBKUERE— 4
viEkpbo Ly, FRAELLAD.

COFHEBLY, 720 LIROMBICONTIRT
=iz 1967 4£0> Enrico Fermi International School of
Physics D& TORONTN DI 5, ThEEERT
ahfely. Bx ORI OVTIRB-> THRENRTEET
THb-

2. #BERX & Isomerism

2.1 Ho L bEMLTEAER
2T —ERbhbhRBEFHIEOOTRZRNS S &
LTWBDOBEEZLTALD. ZRFRDFETFHEOER

DENOWEEZ XHH DT, RELVICLERBLD
POEZTIC, ROXIBBGREFELZERICL -TSH
k5. tr B~ g7 shell model, RACAH RETHRENT
452 &Itk - T, effective charge, effective magnetic
moment THFE I N B X 573 shell model FiE DI
#, core polarization %8 5 h i L TwWw L. ZHFH
PIETRSTEREBEFRAED I BOBRN - TL 5.
SEVEIICI ¢ QMBI AN BRI BN S 2
P, EBEICIECETERRD KA 50 BREMEE
PER DA & IICKET 2ERTTHER, & ZRXARBLO
WA DI I NFE—~HORFICHE VICERMICAAT S
DlE, 77 A —F —OHICHEEER SE BBRBD 5
DOTREEVD. EOBBICR > picid, REHIEAIE
BON B R LADBOREEZZRTLE T X0, AEHE
Jo Jo MEHBEE, ARAEHR ji+i. LTV
fREEA stretch state LIPIES. §5&

FE 1 bhbhOERELBDIE stretch state TH
3. GTEhEd, bokb#METHD, LIFLIT unique
THEIMDG.

fol AR TFRAEZEZLD. HIAPEICZDONT
MbdEE, FOXIUAEHBOESRERT I LVF
—MCiE 75 B i, BREAMEEROMEICKREL,
isomer DT B4&M4EELRT 5. o0 JIPSHBRD
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& S —f{b X v7c NORDHEIM BRIt stretch state %
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EE 2 RUERSNDEV L &, —{L SN /-NORDHEIM
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TaBLe 1 Generalized NORDHEIM rule
Particle 51 Jz ;I;:f o lov;est S
Samolind WEV2 | BEVZ [ gen [0
L+1/2 1,+1/2 | jr— 7l 0
Different hxl/2 L+1/2 j'+‘7:2
kind L+1/2 L¥1/2 | j1— 2| 1

UTRRTFA»SbDrEERBD,
B 3 0L I stretch state (IR 5T isomeric state
THHS3.

2.2 () J R

Fig. 3 (E)ITRT & 575 Po OFJE/N» F O, 2%, -0
vy 8Y TR TFOE—OHN JiH B & X ICERT S
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Fig. 5 Shell model orbit.
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TABLeE 2 Isomers with negative parity in even-even

nuclei.

N, Z J1 Jz J=ji1+ 12
50~82 gie hiln 9"
82~126 I i3, 11-

126~ IR 7 13-

2520Ph TH OB 9 isomer 321k 5Tk L
HHEN B 4], f). OFEIED S B stretch state 9-

WEBARERL EIE 2D LT, i) p5) DFRAL ORIKHE
frid 5 &35, thoAEBHEDREIR 9 L b ke
HBEEDbNE. i, NORDHEIM & TERAS, —E:
FRTBILORODAC YOEEZ R TFRTOEEBCT L
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VRPN
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LT 27+ HOLEEMNET 5. K&l J £ DR
Z S=1THaho, FIWNT j, IFE2ICL->TH
B9 5. %Pos BZOFFITH S (Fig. 6). OBE

“Po DIENY ¥ (hel)Tp ICHHETHIE p1,. HifEA
LZE%E DK %. g0 HOWMABERLT LR TIITE
BMOT R NF—1T

E[(jpz)']pa jn=1/2> I]

=[ E((JpD)dp)—a-dp I=Jp+1/2

E((jp)Jdpl+a-(Jp+1), I=J,—1/2

L1733 CHIZEER20EMEBFTHS. Fig. 6 hob
B & IIC, 17/27-13/27-9/27 FIIBRBIh T
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Fig. 6 Correspondence of the isomer structure for
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BoXDEZH BTN TECLIiCiEsd.
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Fig. 7 Isomer and level systematics of even Sn isotopes.
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THE (1), (2) & FEEFNVELZINED, R4
—XCDEh D, RENZ, BB TEXE S effective
T E2{KiEEH-TNS.

LdL, BEICESE-NWTEIMES iz KB
DHETH 3.

LZATHR (2) & (3) LOBRIRESTHAD
e EOIBEREIIC (3) ~bbalrs, LATH
BN EMBL-TL B 9, AR VREIFEE
WREN B, THbL, FEFRKE E2 REEZD
rhiFEshncliclss. chid, (2) T,
AR IciihidE 513 & stretch state [z b, &
4 %7 single particle [Jic?35 & W SR FEESITF
BT B #iC (3) phOoHRBLTAHELD. BEHAE
F® range 23 &4 HHRU TS 3N S
IRBZEIEILDDIENDS, collective & A%
long range correlation &WVS L HICEZTEHLE, T
ANF—ENCIE (3) & (2) BRRHOLICDEMNDE K
SICHRZB. UL, CCRRERZERONS S H
—Ii& BMBAEVWIEENSTEE, KR VIREE
FEREOHSHTOICH LT GNAEVRERET
%9 unique |73 D, shell model (9 TH 3. FE kg
B (3) Tid, —Is

Jmax=27—1

TNV FERETZ20RUT, REBEFALTRECE
THoH3L.

5.2 ERERX

B7-UT, hERIKASHhZRER Y FiE, ¥cF
THHohickE, £/ E 2{REIEAEAHML
TWADTHAI»? Sn pSIRUIBEENY FO
i, Te Xe fABALEELTYW L EMNTXA.
Sn iZ 2O T 221 Te B TRIFENT A F
—iCBlTANED, BAENLRE S 4 SORENNY P2
RT. ZORKIBOTHE, T2 SHETFH Sn gk
Td - T/ isomer, A, REE BEIAT-TLE
SkDTHAHID? WEREL/NEH T ORRIREL
DOREFRIZESIW>TVEN? F4, SBIEINLE
HiRE{, hOEETH .

BT, Stockholm group'® i, Sn(a, zn)Xe KIS
X o TEVHEBAOEE Y FEHELL. Thitk3
L, N>64 QfEHR TR O» 2IREH 6% Hefirhs N<64
TREA LKL BZEND, BEALINEHENSHB.
NREXDE, HENY FOEBWRAE VIREBIRIZAE
J %% single orbit EHEICHE LTV 2D TR
DEVDREAELHFLTNEEDIICRLIS. b, . Te
@ 10* #EAL A (h1.)100 22E ThiE, £ HE isome-
ric Z2HHNIENL, I i



JAERI 1158 1. BHEDSu—TLLTOHRLLWTAV A Y XA 9

(A ()2 da (), I=25/2*
# o isomer 2H HhN DRI,

6. BbOIC

PlE, #UTx7&ED, high spin isomer {3,
stretch state T& ¥, shell model #y& DIKNHFHET
HBENICEDD, BEEOEANEE~EEYT ST
n0—7ELT, REQEEERIZLES>THE. 205
FOREHRARRDL LD OENDI LT HTHS
7, REHEASVEELTNS. 2T, &NEh-
724 isomerism, 7z & Zi¥ K-isomer, Shape-isomer
Pairing isomer & KX HEEEA TV 5.

FREERID S SIPOBRBICH BDIC ERmbED
WDTHS T oted 572 HFERICTEEBEND
Z &3, stretch scheme % FH 2 & 9 & 7 % motive
force XD TH B, TDRIZTDLARADIZLE.

X W

1) Morivaca H. and GuceLot P. C.: Nucl. Phys., 46 210

2

3)

4

5)

6

7

8

)]
10)

11)
12)

(1963)

Yamazakt T. and Ewan G. T.: Phys. Letters, 24B

278 (1967) ; Nucl. Instr. Methods, to be published
Yamazaki T. and MatTHIAS E.: Phys. Rev. Lett., to
be published

Yamazaki T.: to be published in the Proceedings of
the 1967 Enrico Fermi International School of Physics
at Varenna (Academic Press, New York)

BroMavisT J. and WAHLBORN S.: Arkiv. f. Fysik, 16

545 (1960)

MoriNaca H. and Takauasut K.: Nucl. Phys., 38 180
(1962)

Yamazaki T., EwaN G. T. and PrussiN S. G.: to be
published in Phys. Rev. Letz.

CHang C. H., HageMaN G. B. and Yamazakr T.: to be
published

Arvieu R.: Ann. de Phys., 8 407 (1963)

Bour A. and MorteLsoN B. R.: Mat. Fys. Medd.
Dan. Vid. Selsk., 27 No. 16 (1953)

Yamazaki T. : Nucl. Phys., 49 1 (1963)

BeresTROM 1., HerrLanper C. J., Kerex A. and Luukko
A.: Contribution to Tokyo Conference, 1967, 4. 116



10 TEEOEVBERE

JAERI 1158

2. BT 240 €—20R2~7 PR3~

A kB FEF

2. In Beam Spectroscopy in the INS

MASAYASU ISHIHARA*

Light isotopes of Hg and Pb were studied from (p, 4n or 6n) reactions.
Members of ground band quasi-rotational family were observed. Systematic trends

of these isotopes are discussed.

Au (p, 2n)'**Hg was also investigated to find

3* state. 1386 keV state was assigned to be 3* from K/L values of de-exciting
transitions. Angular distributions of electrons were observed and their dependence
on projectile energy were interpreted with in the frame work of statistical theory.
Re (p, #n 7)***Os reaction was observed to investigate the anomalously reduced
population of 8~ state in a heavy ion induced reaction.

1. FAME

TTEER HKER OFEBRLK, GFERT, 2n)L
BIZHES YHOWEICE By brxa—, B
WD EIRE IR T 2HF N EFER L LTI
DNTETNE. D24 FORROEBHIL, IO
s BAMOREE/ N Y FRPRERE D 2 © v IRiEE T
HI0d < Ubd, fETHEDIER ICA 0 RA
BERTERCLICH B, COFEEHOTEOERIC
D> THEINDREOHESER I >DH Y, @4
BOMMZEDIFDOMLFICH L OITEZ SR L T3
BRTH5 RAXK ICX->TEBINTHS 7 Ny
FEFRUIR) b ZD—FTH 5. BBHCEB TS,
BMARI = —2 Ge FF /2 —2HHLT,
BERCOBOEREMIEL Txn, Z0OBFT D
W B ERBHR B TR IC IR 3 248 4 B D BIfCIR 1% 2
HRNCERBILY, 7, KIGITHED ¥ b DA
MESAZIE - T B &, LEN-TEBEROAL Y
BEFILTHDICEERHB LY.

T Y EOHIRIC Y B, Bl DT T 1L - 12—
BMOERARNT 2. 2~ 4 Wi TIRIMEEICERL 71
HEEDHODY, 5~ 6 i TRIGKEEBOMEIC SN A,

2. ¥\ Pb O EALGE DGR RE

Tl (p, 4nor 6n) FUGIC KD “*Pb 5k r **°Pb 733

~NoAfce R Ist 2 B XY 2nd 4 OIREESE TR
i 6% Ll oREZRBENEL 7. Fig. 1 1cd
TIKRBRONTN 25D 5D TPhpLr~vz+—
L£7%RLTH 5. Pb oFf&kiz S.C.S. BiTh 20T
—IROFNEE BB - e B HEE S > T 3. X
BEER, RicRohand, Llst 2t ROz 70+
—0 FTN=Y 0, *Pb holinsicOoNnT
BmLTilcsThHs ootz 24 o4
ERUHIES - TWNOT, Sn DFEES N=82 [T
Kb EMEEEREDONSE. chdbo S.CS. Ko
Ist 2" REED 2 L 7 F 4 TARERZ—DDBEELT
C=(—(E@)Y/2HN4 £ £2THD. Cig Lst 2* 4k
REICE 592 2quasi-particle fitffd =7 = 75 4 715

21710 2186 9-
1998 (4)°
79547 622 314
. . 1684 | 4*
511 2. (4 : =
1612 4 o 1624 | " 632 )
: 240 T
1384474 4, 289
560 162 1274 4, 881
mle 2 422 )
—_—r (U7 S A 375
= 899 2
803 | 2°
1062 1027
1 899 5
3
133Pb 16 283Pby,s 235Pby,,  %04Pby,, 22Pb,,,

Fig. 1 Level Schemes of Pb isotopes. The levels obser-
ved in our work are shown in a broad line.

* }%1F  Institute for Nuclear Study, Tokyo University
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Fig. 3 Level shemes of Hg isotopes studied, together with those of other

known isotopes.
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Fig. 4 Level scheme of **Hg
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EOWEWCHNEZCENTEDH, X SICTIGKELE
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2n)(p, 4n) BXY (p, 6n) KIBicBIF 2 Hg Ol
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Fig. 5 A values of transitions appearing in Au
(p, #n) are shown
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Y ODERMOBARAX LD, 64t EALICB
TRYEOHEAB RSN E. < b O FHIT statistical
model ObH KW THERICHBT AT ENTES.
BEMICBT 2Ry Jp BAREDZRC VT LXK
BIBRELTL=03/2JxJ /) 2HEZ B, o
DNIOERINIELRSE. J, EAKORY v TH
BpEE LTl VE=V, LE2 503 () K
M METFIC & - THiE 31 2 AEENE O i TR
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BERRATEL 5N 5.

Co={Jr VE=V;/(E—-Q(p, (X +1)n))} 172

(o i3 E LIEHAL, COMORTETHERL LR
REOMAEHEL TN 5
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6. (WBHNTF, xn) RICICHIT S kBREOD
ATREHE

1205 BT, 8, K=8 Jkik 1832keV iz, 8%,
K=0 jRfEds 1278keV [t R & T 5.  Statistical
model OWIETIE, TrxAF—-HTIEMHBLA 8, 8
OIREED R OM I ICERNB 2 C LR FHEINTVLE
ZATHS.

18205 1293 Tic W (a, 40)1° BX Y ¥Tb (B,
4 R EDRENRINTN S, 8 REOHEIN
Fhs 8 REBIC bz, FhRBEBEOHEALCHEL L,
z=1(8")/(I B —1(87)) 1 20% RETH 5. 5MeV
@ proton % ft> Re (p, 4n, 6n) *0s KKK D,
ZOEERE LR, £=082+0.10 71D, statis-
tical model OF4F 24E 100% \CHNEDE & i,
CHOOFEREDHPLE LTUTOMETREENFZZ 60
3.

(B, 4n) Fih0HAa E(B,)=5MeV &3 LT7
—n yREE: Ve=75MeV TH Y, (p, 4n) KIETI
E,=55MeV i LT Vo=16MeV TH2DT, 7—
0 v EREOBBOHESNZEDOLT, HETHHLTH
N2 ILKHBCBOTRARKTFOERENREY
DTy —mYRTFYY v VO—EDLELAH proton DI
S, BREO LI RBETN TERbIS.
target BTN LEERTH 25, REHOHHEH
BlicH~r 7 —o VEBEMSIE LD, =03 OHAER

HificB 34 YE—LRRY frRaEP— 18

13 10% BE LS. Lichis THHeh (B AL
WTFOHAEABLUIBICEARBIERIhPT VLS
ZhE, COBAE, HAKICBNT K=m &30, m ik
AR TO Iz E3RBELODOTOIGENMEERE D, &
7 K o/NSIRIEMFIR P T VT &gt b, HAa
I UK BRIGHERESRH I TOROERIRTR S
9%, 7 —nVEEOEBICET HEMSELNS.
VI DEEZ, $FE, LR, B8, FEKE KT
DY A4 s8v baryEROTTEONIELDTH 5.
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3. "Eu (p,2ny) RISICBHN 2 PGd v~

mor w® X

3. Level Schemes of “*"Gd in the Reaction ***Eu (p, 2ny)

YASUYUKI GONO*

The level structures of '*%'5?Gd are investigated by measuring the spectra

of conversion electron following !¥%1%¢(p, 2n7Y) 15%'52Gd reaction.

The levels of

1.227 (6*), 1.280 (4*), 1.668 ((6%)) 1.745 MeV ((8*)) of ***Gd and 1. 280 MeV (4+)

of 1°Gd are assigned.

spin and parity, and double parentheses indicate their uncertainty).

(the numbers and the signs in parentheses indicate the

The properties

of beta-vibrational band are observed in the transitions of 0.614, 0.586, 0.525,

(0. 441) MeV of 'Gd.

52Eu @ dual decay ;2585415 *:Sm B X o 1:Gd
0 E,/E, (E, |3 lst excited
state @ energy, E, {2 2nd excited state @ energy)
ratio A% *2Sm Tit 3.0, "Gd Ti 2.19 (727 L%BE
Tt E, &L T 1st 4* state D energy 2 & - TH 5.
excited 0* state ) energy % &% & 179 [T153) T
BB &5 5m FREEE A )7 P, Gd TRIRE)
A7 MR d. Tiib b, ATEKER & BRIERKER
DEF T NHFH =8 L 0 D Hic b % C &
19554 G. SCHARFF-GOLDHARBER and J. WENESER! |
LoTHEHEIN. —H, BRBR<7 FLVICEDbR Btwo-
phonon state @ 0*2+4* o triplet MZIEHAEBRIC BT

@ energy level |3,

33 KeV (2 ©O)
K M
411KeV {4 2)
K M
472KeVi6 4)
L © o
"
388 KoV
441 KeV
EIEY
432 KeV

pes

(A
r

J\\H A "
TV, S

A

% beta-vibrational band (P F f-band &3E23)® band
head, gamma-vibrational band ()} F 7-band &324)
@ band head 3 X ¥ ground-state band (/| F grd band
L) D 4% state K ENTHIEF > TW K EWVHER
At 1960 4£ R.K.SHELINE® it & 5 Tz Xh, HiF M.
SAKAIY T X » THEICHEKERDGILREES syste-
matica ICK I D i 2EA ML IR TOLINER
DO FICKILDOEERD preliminary ISR ZhovC L
THEATHD.

%9 Fig. 1 R 3% &, < hicid “*Eutp (E~14
MeV) BXU " Sm+a(E,~40MeV)* DR ~_7
NS5 A H proton incident D F D A RS b T

COUNTS

fi)

T 528KeV (47 La) 2uC
586KeV (z;_ 2} 104C-2000
K
Si8Kev 5000
614KV (T O)
K L
— b

.M“JJL"';\."A.’ lo

Fig. 1 Momentum spectrum of conversion electrons

from

* ¥t Institute for Nuclear Study, Tokyo University

1%2Sm + a (E,=40 MeV, upper one)
$Eu+p(E£p,=14 MeV, lower one)
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Fig. 2 Level scheme of **Gd

O AE S LT °Gd @ level scheme Z#il: -
Fig. 2 0N icis . CCTEBOMBERS L, 8>
6*-4*2* 0% O E2 cascade ZIRBBB A S & TR
2, fiiic 07-2*—4*state % two-phonon triplet &
member THbET 5L,

1 0%=0%, 2¥/—0" @ AN=2 OEBEBENDH 5.

2) 2¥=0Y » AN=0 OBEERH 5.

iz 2) |3 Fig. 3 I Flo4 % 38 DA X175 branching
25 RO AREMICRUERICT 5. 851 2Y
-state % three phonon quintet (®member &R % 2 &
b, AN=2 BXU 3 OEBNILIEICEDXAL
AW,

g g
8 - o
4 10"
ol als 6
¢ 2 Sgg’sl & at
89'
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& | o N ;08 - o~ ik
o 40| o & I: o
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Fig. 3 Relative reduced transition probabilities

BLBEY (p, 2ny) RIGICEbNE 592Gd DL <

15

T OTHNC A B 45 $H 1R @ band structure &
D E DRI ET D&, 0°-2*-4*-6%-state 1TD
Wi grd band & BT BEEZOENBE. EOMD
state L DWTH % & O0t-state DIAII 2 © v, »¥YF
4+ —& Ui, B-band, v-band D3 hic
BT 2 OIS MTIRL. UL, Bl
bkt 2Y 2% 4V -4t DERKRlE EO
K354 ATEY, Y-band # 5 grd band
~DEBIZ 4K=2 T E0 BEEIEILIH
578, p-band »n 5 grd band ~D B I
4K=0 Wz, 4J=0 Oisiciz E0 BB
FEhzcErd, S~ 0V-27-44-
state {2 B-band TSR &
bHirsb.

Pl LT—iEEIZiE N=88 @ **Gd It
BT B-band DH:E D persist LTINS
TEMbh ot Z0THREH—D, band
structure OF WA RTHEL X Uh 5D
branching ratio (& 578 5 T3, B
L7e¥iTH B Gd, " Sm® 0" LR 7:
DA Fig. 3 THB. (KL, *'Sm KELTIE ref.
6) 1tk level 3 RTICDLT branching ratio Z i
L, —BELLBDE pick up L) ZhHhoRZE
15:Gd @ 2*-state (T DINVTIE 2Y' -0 @ branching
B—F A x <, zhig band structure R4 1 DOE
EHThHDB. TENFhOKICDONT, @ branching
ratio 725 grd band & B-band DT DOEES E IR
g parameter Z, %3RHTH 5B &,

%

/

Gromov et, al. (1967} 5

154

lszg: g ggg (f: 7L 2Y=2t Y-ray %
’ E2-pure L{RELT)

1598m : 0.024

ED °Gd THE LB RELIZMNENHLY, [
L N=8 ¢ "Sm TEEBOEKICET BMHEK
FILU.

Pl EofmE LT, N=8 o ik
g bERTENDILD D, Fig. 5 ILHRONS
X IC, FRAEEMEBICE S5 band structure 73
persist LT A ERBSMEDBUTHEALSI LS &
TH5.

5:#81C Fig. 4 1T residual nucleus 73 *°Gd % &K
JEDRRY PSR LTH B D5, yield ratio /5 634,
647-keV line A3 2+—0%, 4v-2* OEHITHIET S
LiESNBH, 2010 654 OBBEBZINLLDEL
T ¥F—FERICIRILSNT, £d candidate & LT3
495-, 566 keV oI SEZLSNE. LhLTH
DBAICH 412" ODEHRZIALF—LDHIEL, €0

* BOEMETTTE DN, PSm o+ a(E,~30 MeV) OEBAER TR 8+ —6%, 107—8* (12*—10%, 14'—>12%) $HbIATEY,

chid Fig 5 ICHSMATH S,
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Fig. 4 Momentum spectrum of conversion electrons
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4. Nuclear Levels observed by (7, ') Reaction

NAOMOTO SHIKAZONO*

Nuclear resonant scattering of neutron-capture gamma rays are successfully
used to study the highly excited nuclear levels near the neutron binding energy
and also the low-lying levels fed by the inelastically scattered gamma rays. The
general consideration about the resonant scattering of neutron-capture gamma
rays and the study of elastic and inelastic scattering of lead-capture gamma rays
from the 7368-keV level of %Zn are described.

1. F

B B T v < i E O o AR B EL O EER A
ARHNBEE DI - TEIDY. 2O—RINITER
&y EBHIELThhbMTTE -7 “Zn O 7368-keV
RSO Pb(n, V) OF v < OB KE S X UIEH
P OERIC OV TOHIBE RN S.

H v < O LBEEL OMER I,

5,=50b(7 MeV/E (MeV))zwlll‘?

(22T w=2I+1/2I+1, I T, 3K/ 2L2EEX

VEIERE~ DR
<% 5h, %0 order i3 E,=100keV T o~10°b,
E,=10MeV T o~10°b THEH, BEFOREBC
X % Doppler QU AWM DD EREWEMEIL o~
I'/4g, i€ reduce &#1%. Doppler DU A40 DIiE 4
i3, K3 eV fIoETHY I' B CEiTR TN
Eh, 4FTICHEUNENTOEH0THE, 7~10MeV D
LT R v —QUERI TRAE (T 1eV I Th 3. L
7o b8 TIIBBEOW TR E L TIE Lbarn LITFICIE 5.
7 v = 4o source & LTHED S Dhbi T % Brems-
strahlung MEEER 27 b TH B0 L A7
W e IRERCHAERIODT, H—DREN %[
HTA2OIHMENRLY. LOPLIAANF—REE ST
2O THRIBHEL B THOICITLBEND T F v F —
E, BHES ROz vF— E L 4 08HT—X
Lz hidis sz, (Emicis Ex=E,—E?*/2Mc @
SUBNKETHE.) chide ofRICX 30T, %
BICEREL TARTR T ST 0.
% @ (n,Y) source & scatterer DIAAH % TRy

Israel group” »3

£, 1144 ofiadicd UTRI S 1 7o MIREELOHUIL
52 TH 7. Fig. 1 KAHW IO RBEE O L, Z, N
EOBFHERT. RIbSHOLEE SIC Z, N A3 magic
number D& T Al UL THE ¥ T 5. Magic
number it { D TIRENDOEEIZ/NELIRD, Ex &
E, A BBRELIEEIDLAIN D I HICEDLN B
HERFHEEL CBEHIN TS, cOT EI3ERMNIC
BRO X HWCHF NS BECHH» B 1DICIMER
BHLIBELD EREABTHERSRN. WEEE T
KHIZWRAIT 2 OTERE I 5 2BEHUERENC
LMNETHL. T E1 transition @ strength
function I'/D %% %. Single particle transition @
WmE I, NEBEOBMNIC—RICHLINEEEZLDLET
/D=T/D;=CAE? i35 L L TRIELDY. (DiI%E
D% DHEALRIRE, D, (3 single particle @ #EALEHRR,
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Fig. 1 Histogram of distribution of observed resonances

(from Ben-Davip G, et al.V).
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Fig. 2 High-evergy 7-spectrum from Zn excited by Pb capture gamma rays.
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RLT NIAAxOBNS L L RVERNTATHA X
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+
SO ThiE TR v < S5 source & | T, Hidd A scat- ~§°-90°‘
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Fig. 2 5L Fig. 3 IKEONARR Y b vO—B R 0%
T EHUEBEHOS Y 2RO A ME - D, 7368 keV *
DIIREERL 1T “Zn DHELITH BT & HH 3. oz
EBEEE OB DMEBEIRMD 5 X —2 L LT,
HBRME I’ 0Ehic 6=|Ex—E,| 28ATH3. HR 0 00 200 30 A0 50600
W I ERD B0, HEMTROBRELLE, self K

absorption Jk D" D% F71% 5 fz. Fig. 4 ICEGFELAD R

Fig- 4 Relative yield of 7368 keV 7Y-rays scattered from
Zn as a function of scatterer temperature,
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X A OFRREKILD yield 0BALERT. REZE
Z{ &85 & Doppler VAN 4 BEDLY, AHY
Ve EEMHBEOWMERE OEL O BEMNT S |
& &bic yield 582 TNBDIF 648 4 X0OH1IY
K& EEEHLTIWA.  Fig. 5T self absorption
DORIEMREZRT. MEMICHBREROHAE & D, B
ICZn &% E -ThHs. NT In BLU T BRIX
FRELT In LU CueANncs SOHKETH .
CDEFP CHZTREER (0,>=L7b BF5h3.
(ChoDF—23BREMTHTTHY I OEFELER
FRERE - T

RN D A Y Y IdANTHARIET 2L Eick - TH
WDoHNB. Fig. 6 i 7368keV (D ground state transi-
tion OHESH A RT. EEMEIL 0-1-0 © spin se-
quence DA D H MG L+ cos?0 1t & { —FKd 5. 0-2-0
DB OB IE 1-3cost0+4cos'd TH2ZDT, LG
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Fig. 5 Fraction of resonantly absorbed 7368 keV 7-
rays versus Zn absorber thickness.
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Fig. 6 Relative yield of 7368keV 7-rays scattered
from Zn versus cos’d, where 6 is the angle
between the incident beam and the scattered
Y-rays.
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Fig. 7 Relative yield of 5495keV 7Y-rays scattered
from Zn versus cos’d, where 8 is the angle
between the incident beam and the scattered
Y-rays.
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Fig. 8 Relative yield of 4258 keV 7-rays scattered
from Zn versus cos’#, where # is the angle
between the incident beam and the scattered
gamma rays.
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M oEERE XN A8 v voftic, Bric—&RIE
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Fig. 9 Proposed decay scheme for 7368 keV level of %Zn
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bhfciEE *Ga @ decay oL E&HONTMETT, 2D
REATEDHONIMEE—KT 250EF2HNTH 5.
@ decay scheme [CII R I BMELEZ TN LS,
%Ga ¢ decay THAlShicHELIIC —KT 5bDIILL
ALK, %Ga @ decay 53R XN ITVEERLASTE
CEINZCENEZD. FO—D2THb 3107keV
DALY OREELE - THLE, ZOHENDISIE 2nd
2V NDEBE L, st 2 A® cross over IR IZTHLO.
RN F a7+ ERETEE, B(E2;0°-2")/B(E2;
0*—2,1~10"%  order T & - T,
—HTHLHEEFERLTNS.
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TR H B0, BRI —2OF IS FEA1R 4
5.

3 phonon state o

D

2)
B

O]
5)
6)
)

8)

9

X

Ben-Davip G., Arap B., BALDERMAN J. and SCHLESINGER
Y.: Phys. Rev., 146 852 (1966)

MiN K.: Phys. Rev., 152 1062 (1966)

GianniNr M., Oriva P, Prospert D. and TouMBer G. :
Nucl. Phys., A101 145 (1967)

Bratt J. M. and Weisskopr V. F.: “Theoretical Nu-
clear Physics” John Wiley & Sons, New York, p. 648
AxeL P.: Phys. Rev., 126 671 (1962)

Axer P.: Phys. Lett., 4 320 (1963)

ARrFKeN G. B, BiepenHarN L, C. and Rose M. E.: Phys.
Rev., 86 761 (1952)

Brown G., Haicu J. G. B, Hupson F. R. and MACGREGER
A.E.: Nucl. Phys., A101 163 (1967)

FreepMAN M. S, Porter F. T. and WaGNER F.: Phys.
Rev., 151 899 (1966)



JAERI 1158 5 ZEHickd s v F—4shic El B 21

5. ZRKIcrTrer2—3ni El ¥
m o *

5. Hindered E1 Transitions in Deformed Odd A Nuclei

TsuToMU TAMURA¥*

Experimentary determined E1 transition probabilites between the Nilsson
orbitals 7/2" (623) and 7/2* (404) in odd Tm isotopes are compared with the
prediction of Nilsson model. = The hindrance factors (T',,,(exp)/T,,,(Nilsson))
obtained are 1.3%10? and 5x10* for '*Tm and !**Tm, respectively. The large
discrepancies of these values from the systematics of 4K=0, El transition

(usually~1) was considered to be due to the effect of pairing correlation.

1. ¥ 2 » &

EREROBFTRC BT E A vF—0D El EBIL
WEISSKOPF (D single-particle estimate (¢ &L T,
10~10° ®k % 7: hindrance factor 2% 5T 3. &
o3 ~<TOEAIC asymptotic selection rule £ K-
selection rule |z 4 % violation & LT Nilsson model
HOEEINEY. I DIKFEHITREEZTR S icid
Nilsson @ BIEKEIC K 2FMMEEORBENEE L.
Z OEODWRIZ VERGNES?, LOBNERY, MALMSKOG*
ZDME L DAL K > TR &N /e, VERGNES (32 DFH
1% intrinsic states O El1 BRI L T2 204
HAETIZ - T

095 23~ /

180 /

1) 4K=0 o¥&iciZEE#EIZ Nilsson model D&t
HEEDIB DX —FKT 5.
2) 4K=1 olgA&iciz 10~10° Ok %17 hindrance
factor 73 5T, HoHDEMAZL.
ZORICFONLEREECEBUBREBR CNWET R
LT3 LipLiEss, REEFOFTHE-7 *'Tm
& % Tm OEETIE 4K=0 © El E# T hindrance
factor 82 h#F 130 BLr 500 L ORERDOV R T
2T 4 v I ABLRT, R&EBThsEUk. ChickH
LTZ0 BRI 20T LU # &, pairing cor-
relation OEERPRLOVEETH S EhbhI 1.

2. TmDHFRICHIFE 4K=0 O E1 BiE

2 2.5us 425.1
../
50ns 379.3
e [
0.650s  §°316.2

# — 1T —_— 3 130.0 199,
o / 0 ———
( s Z46471 3, Hxe 116.7
'7?'. 404 Bpus Eqtin7 4 3
S 11 84 61
157411} ‘ —— m—
. 185 Tm g6 181Tm g, 188Tm, 113Tm,,,
K* (Nn, A}

Fig. 1 Level schemes of odd Tm isotopes.
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HEH 171~165 © Tm DA D175 level sche-
me i Fig. 1 ;R L TH S, "Tm & %°Tm L Nuclear
Data Sheets® 5, 'Tm & '*Tm [t DI T3EH
DFf1s 57z WYbEG1e T, 15YBES s Tm o decay
scheme D IEY" MO L -7 bDTHD. ZhHDH
FEEIRENNTRE 1 (411) o Nilsson state (2%
»T, JRRIRAEICIE $F (404), 7 (623) 73 & Nilsson
state Wb, TNOHDV D EL M1, E2 1t 2
O 7 EBENENL ROBEBOTAV—LEoTH
3. Z@axrxy TR, choomT, &K 17(623)
-1t (404) ® 4K=0 @ El BEOBEBRRICESS
BT, Nilsson model 2o DHEHHEE LT, 20D
COBRNITDNTRE L iR ZIB~R 5.

TasLe 1 Hindrance factor for the 4K=0 E1 transition
in the odd-Tm isotopes
37(523) — 3*(404)
AN=—-1, dnz=-2, 44=1
Transition| o .o Hindrance factor
Nucleus |energy
(keV) (sec) Py ‘ Fn
1%5Tm 80.2 |(2+0.5) x107%{(4+1) x107|(641) x 10?
1 Tm 113.3 1.4x10°% 9.3x10° 1.3x10?
19T m 63.1 9.6x10% 1.1x10° 16

TABLE1 |Z Y #BO T2 AF—, Y HEO¥EH, WEIS-
SKOPF } X 7f Nilsson estimate {C%$3 % hindrance
factor Z7RL T 5. 7 OERIIZ v~ EHIC
Y BRD I Hds K U IR HAREIL EDRIEESTIE » T
55N 7. hindrane factor Fw BX U Fy I OXDE
H#ICK->T 3.

Ty (exp)

T’y (Weisskopf) ’
WEISSKOPF (D single particle estimate (3531 REX
% 1.2fm, Statistical factor S=1 & B TRKHY.
Nilsson @ single-particle estimate” TiZZHEKbH D
REDEE D 5 A —F —% =46 &I %, Nilsson
DO BB D W OMWIT an % N=5 KL T,
#=0.45, N=4 itxf LTi3 p#=0.55 @ table” » 5 &
5T AFELI-bD%E H. £ 3 WEISSKOPF esti-
mate {9 % hindrance factor {3 '**Tm 75 **Tm
T BNT 10°~10" Ok X173 hindrance L73-TWH 5.
—7% Nilsson estimate [Z3}3 % hindrance factor i3I,
Tm BT L6, "Tm icBiTiT 1.3x10%,
1Tm BT 5X10° THE. ChOoDEMGFET
B LN T Ao AK=00 El1 BBL L xicL
T Fig. 2 L/ RLTH5B. chITHOLNTHEHDIE
DEBOREONG Y FMBELFNED, 1IZHL order
F 723 EFNLTO order TH 3. Zhic KLT "Tm
& Tm jzBi1F % hindrance factor (I HIAAKNIC K X
V. FN LRI, BA - TWTHE UL proton system %4

T} (exp)

Fw = T:E (Nilsson)

N=

JAERI 1158

55T A EIAK=0

107 me%A ® : Proton transitions
o :Neutron transitions
10} ‘5113 A L=K—I=K; |
A B I;=K—I;=Kr+1

Fy
>
/‘T
=g

107 .

[éth
U ]
A

1073 B ]
% o

1074 s
A B

10"5 FINE TN TN N N T 0 S S T S S U N S A IO 0 Y A R S B O §

155 160 165 170 175 lé0231 235 240
A

Fig. 2 The hindrance factors Fy of E1l,
4K =0 transitions

bodFEZONSE Tm & "Tm QHTZDX I
BREMADBE>TWBEC LD, F—DOMBETH 3.
ZHicBAL T Nilsson o KB O & D} & pairing
correlation OEEEIC DINVTERL I,

2.1 Nilsson DRSHEEHD & O

Nilsson estimate | 331} % reduced transition probabi-
lity ®E&EICA - T < % intrinsic matrix element {3;:&
BOHH & kb DIREOEAWED ¥ BBOL 25D
FILE-THEY, CHASOEABBLANIKHELE D
HITAK & hindrance 4 LTS, Licdi- T **Tm
o Tm O TEEEED LDy Nilsson @
HEEH DE(LHdH - T hindrane factor T k& { F%
LTVBRZEMEZOND. LELENS, #lHEikd
DOREDETE /27 4 — 2 —HERC =2 »h5 =4
% TEALXE/- A1t hindrance factor O EE#EE
it factor 3 DI EOZELIZESBNT &b o7z,
Tm OFHIEREBO T LCMBELTNEDT, &
TEEDENT 18% 282 EBbh, BRlshk
hindrance factor DK X758V A CDEHTHHT 3 C
LRTERVESICEbRL.

2.2 Pairing correlation OFE

BLHTBBITE LTI pairing correlation {3 ]-i¢C
7~#- hindrance factor IZNZ T, 2¥D& 575 re-
tardation A3l %.

R=UU-V;V)*
=i(l+ (er—D) (=D —4L° )
AN ey ) Py V) gymny s pory/

Hindrance factor oc I}IQN
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2T UAVS RERZhHHIREEIC pair DA - T
WOHEHR L pair DA STV ABETHS. 150 f 3%
LDOREOETH 3. & ABLU 4 ZEhZh single
particle energy, Fermi energy 5 X ¢ gap energy T
5. ¢ R o XoEiF 1961 42 B TIT b h i ik
BOWELATHES " ICX » T a7 & SiIcyikEE
E#bH DIRRED single-particle energy »3 Fermi level
I U THRBLBIC I ~ 1o & &ie 0 & 75 3. EHEC
Tm OZ#Cld Fermi level [3#EEkas 1 (411) #as
DOMFEICH D, & THRBIC LTV 32EHIi2 hole state
@ 57(523) #iE L particle state @ 3*(404) HE DR
Ti->T3. LR ZD2HOOMBRIZFALREL
ANVF—~THBDT Pairing Ic Lk 2BEDZHEMRE i
FITIE - TL 5L ENMTH &N . Retardation factor
OEMHRICHELE U,V factor (2, —#D single particle
energy & pair O [ interaction constant G Z%{§5E
LT BCS o il AR TRONE. EHEMICHT 2
COFEDERENE (D AICE>THENT, hindrance
factor (C B2 2R¥ ORI EN T 2. ' Tm icHF 3
37 (623) - 3" (404) @ El BWHicxt LT, factor R |1
107 @ order TH B &M EINTNE. LhLE
BoZNoDHFIE Tm O Tl - T % Nilsson

EEZICEY 5 v & —~3hi: E1 BB 28

estimate {C {94~ % hindrance factor OB '# 2 A X 1L fEX
BREMAZHWT 2IUIAEYTHB. £ T Nilsson
B D single-particle energy %43 #- & % quasi-par-
ticle energy 1C #2525/t &, Z fLiC X5 T % pairing
reduction factor DRJDOBIEA L 5~ 2 HINT 3 (523),
$7(404) BXU $7(411) #iE D single-particle energy
DFE T 5% {D proton system D set Z{iE L T
RU & 9 EHE AT » 7. Nilsson #i& 0 single-par-
ticle energies {3/ I TABLE 2 D5 A — & — & T3

TABLE 2 Single—particle levels of proton system

N p Additional shifts |Individual level shifts
' (hw) (keV)

2 0.0 —-0.23

3 0.45

4 0.55 $7(632) +300

5 0.45 hiy,z: —0.20 3+(411) +300

others: +0.17 4+ (411) 4600
6 0. 45 +0. 17

The single-particle level energies of the proton system
were calculated with the use of the formula given in
ref. 9. One & value, x=0. 05, was used. A few change
has been made in the level scheme indicated in columns
3 and 4 of this table,

G=0.16MeV, B
A=1.012MeV »Gsi)
“3 54-(514) X 747(523)— 35*(404)
® sty osl El=y
@ :
® 10‘1
~ @ ARSI R /44 (404)
?v 42 2 [ A4S
= A (
~ o O e 411)
'y &0 F—— — i
Eo 15411 3 - A—:,._;_Z\+ %
g s | — &
5 Al . o~ (523)
@ ~ i LT, g
o 4l g 2 el el (i ~1
— o o
5 & 05t E
Q, . V| :f)\’ -
& B 3
—3 % § \’\X:,QEE wn] =
5 =4 - ZQO\
» + i,
40— %5 (413. ' /\'X:/; (4135
, 101 1o
3571532,
%ﬁ.wm
3
K*(Nn,A) )
. VOB DE w0l QQPBB0
U3 X 2 125 12 125
v €(404) (MeV) £(404) (MeV)
(a) (b) (c)
Fig. 3 (a) Pairing scheme for odd Tm nucleides near the Fermi level,

The single-particle energies of the 7-(523) and }* (404)
states were changed to the energies indicated with marks

and numbers,

(b)

Variation of the single-particle energies of the low-lying

states with respect to the 1+(411) state,

(e)
3+(404) state,

Variation of the retardation factor for the change of the
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BLt. TDOHT, Fermilevel 31 { & 40 7 O $1i T,
1+(404) #hat & 17(623) #hi¥ D single-particle energy
DDLU DHEM B %L { D proton system & Z7c.
1+(404) & 3 (5623) #iid single-particle energies @
2D H D8 Fig. 3 (o) OREIICEFE < — 27 TRL
T% %. Pairing interaction constant {3 G=0. 16 MeV
DIEIC & - T, BCS N0 % ARF T W HEHRD
IBM 7044 B Tkodi-. Fig. 3 (b) i $7(404) #hy
o single-particle energy OZLITH T B KO T AV F
— T B 2 HE Oquasi-particle energiesd LD X 5§
T3 o4 +T(41l) #13E 0 quasi-particle energy
EREICE - TH B ChoDFHRHRR, ThEho
BB ORISR T A v F — D F R HE LT
WBESICBA D %2 T Tm~"Tm OO
340D HMEORKN L AL HBE I ® 50 ICR
17(523) MLEDAIEIC T3 &AL BRI $7(40D) ¥
B single-particle energy % @ »5 ® OFEANK
400 keV Z{L X B HTEMNHB. L Lo $5404)
BB D C O LT 17(523) BB O T vF —
2% 50keV LpZE b LS. T EREICHEL T
Fesch . DX §7(523) #iE @ single-particle
energy % Z{L g & xiCiE, HO §404) B0
fbicd2b0E, Uk dUMREL K. THDLE
37 (523) BB H KR AE (LT B0, 7404 HED
EALDUNZ T X, COXIBREFHEZIAUBTFHREDLD
Tm OHFRTHEBEOHET % pair THEIHLEGIC
2M, &30k 7 h Pl o TRERC single-particle
energy MENT B EEFRL TS LWEDOEEMH
W Hic §(404) 3B @ single-particle energy 721
MEE ST D & O & REL T pairing icX % retar-
dation OFEA T, <hht Fig. 3(c) IKRLTH
%. Retardation factor {3 107°*—0-10"* O Xk SicHEH
k& B L T A, i transition ¢ hole—
particle DEHEHSHTL 26D TH T, 17411 #
i, 37(523) #i single-particle energy A& L X4
THREUL S BHAMSE OGN D, LIS IRE
HENCTES E RO 2N ADE & BEERICIBES -
#- 23K hindrance factor AR ELELZ TS
b b,

L L7738 s pairing effect 3 hindrance ¢t U T,
BALSCEYHTH L E#EZ DL, Nilsson estimate T
TTIA > T3 4K=0 O fit ® &4 1< hindrance
factor AVPNX LIV T EF B EMES. COFIKPLT
FAESSLER, et al. & MONSONEGO, et al. | octupole
vibration & octupole quasi-particle > interaction %
EVOANTL S, HoDMRICK S L, TO interaction
12,  OBBEORICS LT 106~10° ¢ order 771 4K
=00 El BBAEHBHIWENHD, COREIFET
ik~ f- pairing interaction O 7 )ic#l b retardation |C

JAERI 1168

LT BbDEEIENE.

Single-particle energy O {LiC DT, D E DK
Eiohs.

(1) % 1*(404) o#H3ED single-particle energy
i3 Nilsson diagram RN B EEBD, TILDI/TF A
— 2~ TIHBICANEKENT 2HETH 5. EREN
15% MEZ LT % & 1*(404) #1413 single-particle
energy A5 +400keV % {9 2. {fho#uHiCc DV TiE
T xR F - A0 o L D b/hsnEBEDR
4.

(2) bH5—DowErRPET-E FHEMFHTH
3. ZEMTRILEADBRAINTOROAS, BEfici
TAOTRBOMERADRS.

Pairing interaction [t DWW T CIKF SN fERDH
I DV TR, EiREEEBMTOSROVEICE A
(FEANCR AN

3. b bH IS

ARgIC 7 BE O BEHEDOT -2 —RBEVEREL
s, LLEICik~_7: 4K=0 @ El E®BII4EICHHL
72 DT, systematics D I ANEENE. 2O RIKH
LT YMEr—'"'"Tm @ decay Tl %+(404) state Dfr
B 17(523) state AD Y RICOVT, bHI—ERHE
TRETRREOMERDNS. T Tm ORERE
ZPERDLI-DIC ¥Yb @ decay $FEZ S TEWL. T
NETO T EHDOF—4£—13 P-decay T feed X113
level iIC [REENTEFTC A ZoRKBLTE, ¢
T=4Ed, BEAICTE 5 T 7 in beam spectroscopy O
FEWENT, chETD f-decay TIF feed IhiZ
oo level OGS stability line 7 5573 DN/
BomRREOHESHA N b LHFIN S
EziE **Er(33%) @ (p, 4n) GTIF **Tm Dfjig
Rigsss o 5. Er(.56%) @ (p 2n) FIGTIEE
L Tm 245 (p, 4n) KIGTIE ' Tm ORiRED
M sufhed s 5. Ho ®» Lu 0 FK TS 30205
1704 @ Y BB BNETE BH, ERkic p-feeding
& % in beam spectroscocpy MEWLTH A 5.

X #®

1) MortteLson B. R.and Nitsson S, G.: Mat. Fys. Skr.
Dan. Vid. Selsk. 1 No.8 (1959)

2) VEereNes M. N.: Nucl. Phys., 39 273 (1962)

3) Losner K. E. G. and Mawmskoc S. G.: Nucl. Phys.,
80 505 (1966)

4) Marmskoc S. G.: Nucl. Phys., 62 37 (1965)

5) Nuclear Data Sheets, National Academy of Sciences,
Washington (1964)



JAERI 1158 5 ZERBIKBYIevI—Xhic E1EB 25

6) Tamura T.: Nucl. Phys., 62 305 (1965) 9) NissoN S. G.: Mat. Fyt. Medd. Dan. Vid. Selsk, 29

7) Tamura T.: to be published No. 16 (1955)

8) Warstra A, H,, NijGH G. J. and Van Lizosout R.: 10) IkecaMi H., Upacawa T.: Phys. Rev., 133 6B (1964)
Nuclear spectroscopy tables (19569). North-Holland B 1388

Publishing company



26

hEEoOBEVHERRE JAERI 1158

6. BEICEBVWHTAEN— 4 —fill

= % m B®*

6. Allowed Beta Transitions with Anomalously
Large log fr Values

KAzuMAsA MIvANO*

During the past few years marked success has been made in the qualitative
and quantitative explanations for the log f¢ values of the allowed beta transitions
in heavier nuclei by introducing the simple pairing model for either spherical
nuclei or deformed nuclei. Variations from nucleus to nucleus were well repro-
duced in the log f¢ values of the beta transitions although the calculated values
had to be normalized in order to make them fit with experimental values, since
calculated absolute values were too small unless some normalization was done.

Although such success has been brought about by conventional pairing
models, anomalously large log /¢ values beyond the ability of the pairing theories
have sometimes been found in the allowed beta decays.

One of the most striking examples of such anomalous transition is the case
of carbon 14. The observed half-life is abous 10° times longer than expected.
Such a long half-life can only be accounted for by accidental cancellation. Some
irregularly large log ft values have also been found in the spherical nuclei :
around calcium isotopes (1f,,,) and in ®Kr and ¥™Y (lg.,,.). These cases
will be discussed qualitatively.

. FCBHIC

ZOPIE, HERK ERHEARTOFREN—4 -
o log ft EDEMN, &3V IZERMIIBYIH pairing
model TR EZ WD T 2. Bilils pairing
model i log ft MEDHHEE—F &2 12T,
A 5@ normalization # U 73 i AT ETEMEHVN &
4 X 278, 3—quasi particle DEE*H B0 pn HE
fERIC & A OERIFEE 25 2 TiextE:dbe s
EMTEZ. ULDLHFER—Z—FE0 log ft 13 ‘He
D2IDBIRLE - THRILE THEWREEIChI - TRE
IRTHEY, BROMRCIE >TWV B DL, log ft
4~5 L INH T —BHTHB. Fig. 1 i3 log ft DK
¥oahRThsY.

EHEIR T, “allowed unhindered” &¥H&NL 2
1z log ft MED/NIIR—Z —BENBHIMONT
W3, zhbiznghd single particle estimate @jf
X OBTHERELMIEL TRV DO TH D, pai-
ring model Tk LFHHEN TS, IREMLBEIRTOF
KA — 2~ log ft {Hi3 simple pairing theory

TAIIEE IN B DS, hic single particle estimate

FOTFERNL T+ BB BERFEEEN Ca Bl
BLUOY ETHSO N TS, T & T3, pairing

theory MEKTHd 2H1& LTEEH D “allowed unhin-
dered” X— & —EHIT DT, pairing model DK Y 37
fetivy Ca [idr, Y BHEDOREICENFEN— 2 — il
BEDLDBERBINT Y i review L THIU.

2. "“Allowed Unhindered” ~R—4& —B:f%

AR TIRHFEN— 2 —BiiE 12 NILSSOND i By &
¥ asymptotic quantum number @ selection rule i€
XKL h, “allowed unhindered” 5 Xk ¥ “allowed
hindered” ~— & —&ZBICHF S5, BIEIhHE
=% “allowed hindered” |3—fRIC A & 75 log ft (A%
. OB TOFEER LT & A & asymptotic quan-
tum number OERA TRIEB LI NHDIIEEBM, &
ORRATHINIFEEBBBEAMSN TS €D
—pli3 Fig.2 IR L7 "*Ho OfiicEbh TN 3",
1wHo ¢ ground state 7» & **Er ¢ 5/27 (623) D state
~ 1.20MeV  log ft 4.8 TIEHELTWVW B b DM,

* gik# Tokyo University
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T

w W
N O
IR L L

1)
~
TS T B G S G B e R R R SN S S I

n
3

Number of cases

40 50 60 70 80 90

u Superallowed

O Allowed

@ First forbidden (Non-unique)

@ First forbidden (Unique)

# Sccond forbidden (Unique and non-unique)
W Third and fourth forbidden

(Unique and non-unique)

[
10.0

o
110 120 130 140 152176182 19.0 220
log ft

Fig. 1 Frequency histogram for log f¢ values

169
67 H 012

7 747(523)

/1.1 MeV 15% 53

/1.20 MeV 60% 4.8

1.95MeV eV

5Co 1 e

5% 6. 990 % 5
s % 9 (523)
230, 7% Zé*[ﬁssj
150 56 547(512)
75 54 14
i % %

Y 15 1457(521)
MErm 94d

Fig.2 Decay scheme of '**Ho

“allowed unhindered” ~— 2 —~BTH 5. ZOFICH
BN DD, log ft HRVWTHESLTTHD, EE
HD~N—2 —FiEE LTRPEDED. bW B
sidm i, “allowed unhindered” ~N— %~z T2
5%, thi:F@ Nilsson #ioxtid 2HMETTH 2. £
o 10, BFE 67, 69T 7/27(523) | © Nilsson
WoEHH Sbh, Chicsk LTk ¥5k 97 B <Nils-
son #i3E 5/27(523) | b ohbNhb. THSDOEDON—
2 —ix%id G-T MCTHEORTHOENLID
AK=+1, AN=d4n,=44=0
LUDHEOBRTFRELELZT, BICKFO spin % flip

F 210 CEBETEADT, £ matrix element /3K
& {3 choDBEF hHToOBEESN Ho, Er it
BTEREIALTVWS. #iolooxhd, BTFEE 9/2°
(514) | &rhi:FEuE 7/2-(514) | THEE¥ 175 i
DTEbNhE. BEKEB TR, 2hd 2HOOtmIT
“allowed unhindered” ~X— & —EBOAREIZHTIIL.
TaBLEl LN ETHION T 5 “allowed unhin

TaBLe 1. Log ft values for allowed unhindered § transition

Transition Initial | Final log ft
181Gd7+-++-—"'63Thes 4.82
188Ergs +- o' Hoos 4.83
18R s e e % Hogs | 5/27(523)n | 7/27(523)p 4.64
170 Y bogeernee —185Tmos 4.7
135 bggee e —188 Tmaos 4. 55
aHog - - —'5eDyss 5.0
1eiHogqee o —'8Dyss 4.8
168 0ggee- 82Dy | 7/2-(523)p | 5/27(523)a ?
Ho0— '$Erss 4.8
'e*Hoypz--— '8%Erin 4.8
eYbyes-+— 7iLused 4.7
T9W 05— 19Tag0e | 7/27(514)n | 9/27(514) 4.6

B
* 18— 18Dy PN—Z —EETH B, EONREMIT <60 £THB. chid (623) RAOHN TR, ~—F—HHAD

T AMF—-BIEEIONMNVSOTHS. Ho i

M BFERMSETH S EHBMENTEY, Ho- "Dy x4V

w—2iz 10710 keV LiEsn B chbpbe® logft MIARIEI 5 LT EHETE 5.
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Fig. 3 Log fz values of allowed unhindered B transition. The points are
experimental values, and the solid curves represent single particle
estimate based on NiLssoN wave function. The dot-dash curves include
single particle and pairing effects, and the dashed curves include
single particle, pairing and core polarization effects.

dered” ~— & —fHD log ft HAETRT. ChbICKY
MR ERVTNG 2D log ft HMRELUTTHD*, L
PHHILEHICKSPBETHY, ft ETEL 3L
PRGSO LETHS. YLD &0 5HiC T O
TOHSLUTOD log ft fldF>13 Sht- S, Nilsson HED
assignment {C{Z 4.

Fig. 3 {C “allowed unhindered” ~— % —iZBOEER
B L UEBMEAERY. NILSSON OB %+ /A 72
single particle estimate @ log f¢ {fiZ

5/2-(523),—7/27(523) p 3.5

7/27(523) p—5/2-(523] , 3.6

7/27(574),—9/2-(574), 3.4
E1LD, FEEREICH L TH 20 {53, V. G. SOLOVIEV
%, pairing correlation |C k 2B 2% %, #2475 nor-
malization 24712 > CTHERMEZHHH L1, Ko
I& Nilsson 3 BiEHIC L 5 single particle estimate |z
normalization 7% L 72U VBYC pairing effect | X 3Bh
EMAIMETH%. Pairing effect TH 2 {5 %R
TE50, FHRERMBELOZERZAX. c0£E% I L
FUNITA %3 commutator method # i /- effective

coupling const. 2 A LT, '"*Yb E>”5Lu([514(]) DE

ERfE 4.7 28T 39, Z. BOCHNACKI & S. OGAazA
RAMDK T OB ERIC L H B Xl even core D
spin fRBICK 2R~ 2 ~BOBN £ 38 L, EBE
D log ft HABPLL". SEBKEEOBRIETH .
Spin RRRICLZN— 2 ~EBOBhEAN T ft HEIZ
Fr=(fDp g L

S BFHEHETF R 12 pairing effect @ ¥ E 1,

(l_;am) & spin REBHRICLEDDTHE. a™id
bLAABMRERCEERUOBTHY, HoRE

EEEROZNE, R Dspin [FBIHR LD AR T
LT3,

3. FREEN-HBR—-5—HiE

A 1fa, fHE

D K-forbidden ~— % —fi##, 0*—0* isospin
hindered Fermi §z#7s & O#IBHI%EIC LT, HE
BEEREVDNG 1fo Lge, HRTHRICKA X log
ft WEROHFE~2—BEBNS2. TBE2 1L 1f,,
IR T 7/27>7/2 DR — 4 — B4 R$TY. “Ca—*"Sc
D log ft {2 8.5, “V—*Ti @ log ft iz 6.2 &
AN—2 —[iEE UTIRIEBICAE L. R D LAWSON
{3 generator coordinate %G, Z# 5% systematic i
BEAEEZ T A", 1f,, shell ‘¢ isotopic spin &
seniority A3k {EH XN T 375 5 (B D (dt) pickup

TABLE 2. Log ft values of 7/,~—7/,~ B transition in the
1 f7,2 region.

Transition Initial Ffinal log ft
#1Sc2 16Cass 4.9
32T 33Sca 3.5
2Cazs  1iScz 6.0
22 Tz 21Scze 4.6
%Caz;  #iSczs 7/2- 7/2° 8.5
2iScz6 12 Tias 5.3
1i5czs 13Tz 5.7
28Vze SN 6.2
2Crzr 5V 5.1
Mz iCry 5.1
%Fese  33Mng 5.4
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UGB TAHKD daughter 3 J=7/2 state |3 seniority 1
T isotopic spin {T T+ 1/2 THzs5 220 I=3 O
state % populate 3~ 27213 T 0, T+ 1/2, T—1/2 state
~ (D transition ratio {3 7" & Shell ® nucleon ¥ Tt
¥23b0TH 5. “Ti(d, )°Ti FJETIt =3 O state
B2 OHEbNBHED ratio R FHMEICE L HDITLO.

BHRENLDTANFE —ELTFHRELRITE. b
DT &ids 1fr, shell ZBF, T2 LT
& &, seniority MEVEFRTRVC EERT. Zk
DOHEERREI seniority 1 Tli1s{, X SICHEL senio-
rity OREZEATHS L, FEIREER seniority 1 @
RIEDRE - T3 &3 %. Seniority #BE57-DICH

BEH % rotation matrix Dx(R) T projection 4
5.

945" ~[ dR Djpx (R) 1x(Ra).

ZDFHIT 1 fi,, shell {24 5D NILSSON level ic 53
b. O scheme Tid {iCa,;—4Sc,, D~N— & — it
s
n(K=7/2)-p(K=1/2)
D &12 4K=3 @ K-forbidden @ ~— % —jjjss
ERBDED log ft K& 5. £V,—4Ti, Tid
P(K=3/2)—n(K=17/2)
T 4dK=2 ¢ K-forbidden ®O~— % — g L 13 3.
@) lg.,. f#HE
TABLE 3 [T 3/27—9/2% DFR~N—Z —HEO log ft
BAEIRT. COFRTI—BIC log fFEiEIZA X {# 5~
6 DREZIES TV B M *Kr 0 9.1',%Y 7.
61" D& SICEFICK &S log ft HMA DT3B,
Pairing model %{RET 2 &, ft iHiZ

1
ft= (ft)s- r. _((]—‘7)‘

EWF B, (ft)s. s I% single particle estimate ® ft {&
T, EtHFE=ANT, 9/2V59/2Y OR—2 —EBick
TaBLe 3. Log ft values of 9/2*—9/2* B transition in the

1 For region.

Parent Daughter ‘ Decay mode ‘ log ftex
SeKruo $7Rbys B~ 9.1
55147 #Rbys B* 6.2
™Y $iSree Bt 7.6
$Zry 5" I 5.5
$oZres $Ys0 p 6.1
{iNbys $6Zrss B* 6.1
i2Moys iiNbys Bt 5.3
1Moy $1Nbso 8 5.6

1.0 —-—@
O
~
> 05F [ ]
5 O
~
D
®
0.0 : b—_( % 1 1 1
36 38 40 42 44

4

Fig. 4 U? V? factor for (1 gs,)p obtained from the
experimental log f¢ values, Open circles repre-
sent V? and dots represent U2

gt
W35
- 8r zoCG:;“’aSC‘a,s
EY
N TF / T a7
= .49 a9 38 Sr:sﬁ—-“Y“m
Toel el ¢V
g
I 402':”(_'41"' b':e
4r zccrzs;q_zﬁMnizlc
3 1L L 1 2 1 1 L L 1
| 3 5 7 9 Mo 13 15 17
2T=(N-2Z)

Fig. 5 Empirical logft values of the allowed beta
transitions in N=27and 49. N and Z are those
of the parent (or daughter) nucleus for 8~ (or
B*) decay. Dots stand for the log fz values of
the B~ decays. Open circles stand for those of
B* decays.

UT log(ft)e.p. i 3.6 TH%. R(U-V) i pairing
effect ILL2BNTHS. LD fr CEREEAN Ly,
DBTHED UV 2R3 & Fig. 4 DL 51l 3.
1g,, OBEFD occupation probability |3fEF% 36, 38
THLITHIBEAEES0THEREHDTHS. ¢h
ILBiffi72 pairing scheme Tl e oD log ft fEIZ3i0H
TERNWCEERLTOS. TR N=49 ORBZOZ
B — 42— (9/2*—9/2%) @ systematics % & 3 &
Fig. 5 DL Hits 3. 2 b D _— & —E O hindrance
factor R(U-V) i3 Up* U,? Ot bic 35, FHEK
TH356 U, B—ETH205 Uy BEFESHT
ENELIBRETH 525, log ft HIZETFHEIL
KRELRBRTTH 2, EREZFICHFHRE LI
NELIE 5T 3.

M. GOLDHABER %{3 core @ p,,,° AL XE7/
configuration 2&Z TN OREICK S log ft {E%
LTS, 8Kr,, 5™Y,, (2T 48249 o
B Th D08, thik T3 48 @ configuration |t g,,,°
b BEELHTIRILL, core O b MEIELT
9os2'" P1/2° DR BB E D F I > &4 5. §tKr,,—%Rb,,
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DR~ F —EH

BB F(36) + T (gor® 212" ) BT (Gas2)

T (gos2' Prr2)
L1 0, hHT-@ configuration HZE(LT BDT, N~—
2 —GBREIL s h, log fEfEnkE {125, Z"Y 4
U1Sr,, DR —Z —ERBIC BT & T configuration
BREOEAERULKEY, "—2—EBIELLS.

5. & U

LIk log ft fli~5 OARXEDLDIEF, ERMICHHE
BHIICHELEOMEINTHEDEZRICD, 1 fae1gen
HEOREIC A& log ft HICOVTE, FEEHEN
RERICKR - TWVS. EBHICH, X—4—AXJ b
EHUSERZCEMBINL TV L, BRI
second forbidden MH 5 &, Fermi R—% —&HOD
BERELTHRDLLBENH L EEDNS.
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7. WEAFKOBEKMEITTT L2 A
mo R Hi¥

7. Some Comments on the Nuclear Structure
of Medium Odd Mass Nuclei

TAKASHI INAMURA¥*

Gamma transitions in medium odd-mass nuclei are studied by referring to
typical examples ; 1**Pd, *"In and '?*Te. EI1 transitions between low-lying excited
states in the medium odd-mass nuclei are j-forbidden in the jj-coupling scheme.
This infers that plural major shells should be taken into account in interpreting
these low-lying excited levels. It is of value to apply Nilsson model. An
application of Kisslinger’s intruder states faces difficulty in predicting B(£2) of
a gamma transition from the intruder state in '*Te. Possible deformed states
and relating rotational states in these nuclei are discussed in view of transition
probability and its branching ratio. It is necessary to take special care in the
case of K=1/2 rotational band; there is an additional intrinsic parameter &
which enters into the expression of B(E2) like the intrinsic parameter in B(M1).
One could find any consistency of these intrinsic parameters in the K=1/2 rora-
tional band.

HLTEXzW.

1. 3 C &I

2. Intruder States & 7 RS
1961 4212 @ U K BIHC BT bh 1o B Euise

&7, K. HISATAKE 28 “ZEO/NX 00 35K (A=41~
147)" DWW THE AN T — 2RI, THEO <
FNF—HEMNZEELD, RV, YT 4, VIEBED
N, BEAOFEGEEOUEOEEM LY.
0%, mTH A~100 FHEDHFKIC OV TIRHRBT
ZDEIVRE~NDHEMEG SN TE& . L LK
5, bhbhidE X OHEBOTHOBEICOVTIE -
XD UkfiBELDICRE TR, ZONRTIH,
A=100 fE @ FH% (UUF, MEFKEFL) 20T
K. HISATAKE O¥RE&FEICIZ ORI O BMe 72 E
A BUBEZEMRO EL £B207,
(¥ 7:13, anomalous states)”, ZIEREED B ITERIE
EEFARBOIITFORERIC DT Y EK DBALS
WRBC LTS REBEOHBEICHALTHAE, kL
reitsic 80T, K. TAKAHASHI A8 A~190 KHE D
IOV T ZOTHEMZEHE L T2 . ZD/Mwi
xbALULEREE ST EAHBICHM DD
TREL, EBHORM/ — 1 THATZ L2 LDITBE

intruder states

hEHMOENEELZA 2L LIELEEN R Y VEEN
MBOLNT, Y B O isomerism ZEELTWHWLHT E
BElHohTns. chld, AEy - HEHEEERE
AN FHTRE) T8I 0 Bl—h FHR (LR SPM &3 <)
OEUEERIREHD L DTH 72" ZHLDED
2y (F) #AIZE F# @ valence particle 23E LT
2 SPM DiREEF% (major shell) OhAE BT AT
X 2EY - #E 2 EHROFHIICX S DT, major
shell O fitt O FRIED S D/ 7 4 ERPD/¥Y T 4
b >TW5S. ECHAMMED j-HEM O LicBbh 3
FNERLAY T 4 D=1, 72, e HERL BT 5 C
L3I ICHETH - k. #] 72 ITKISSLINGER-SORENSEN
& 3 pairing+ Q- QHEEAEE TS chIIHHATE
ot O RELFYT 5 ERT KISSLINGER {2
K-S #71ic 3—quasiparticles ¥ TEA L, 3-quasipar-
ticles (€ Xk B j,=7—1 #frhs K-S BERITHAEIN DS b
DICMNTIHEECELTE L EA2RL (Fig. 1 2R).
Z DHEf % KISSLINGER {T73 5 - T intruder state &

* gt The Institute of Physical and Chemical Research



82 hEHEOEVEHERE

/11171777 /{2

772

372
/72

l

572

7/2q.p.
j=7/2

3/2,5/2,7/2 1772
/11177777, 19/2 21/2,23/2,2572,27/2
1s2

1372

7/2
1572

—_—  9/2

1172 q.p.
j=ts2

Fig. 1

JAERI 1158

//////////{ 3/2,15/2,17/2,21/2
972

/2

572
13/2

]

7/2

9/2 q.p.
j=9/2

/////////{23/2,5/2,7/2,19/2,21/2

3/2,25/2,27/2,29/2,33/2.

1372

1572
9/2
17/2

/2

I

1372 q.p.
j=13/2

The approximate low-lying eigenstates of a pairing plus quadrupole interaction

in pure 7/2,9/2,11/2 and 13/2 levels. (from L. S. KIsSLINGER ref. 5))

WHZEIT B, 1L COFHFLWELUT major shell
RO ) F 4Bl (R Y J) KHFMTIZESDF
S TWVWBES51ES, D% b pairing theory TD, U,
VRTFOMI U=V OBGERS 25AICDOHZ LM
ZHo. 1261Te, 12,11Ke T UAZORFHELTE
NSO TIE 1h,, H5ED intruder state
DL 5. WTe [to0T, MOKBMEIHBELLLDZE
Fig. 2 {TRL Y. R—2BHO Q- 2FEEIThITH
N)F A ENOIEFIIX EBRTELZ LN 2.
3-quasiparticles {€ & % Jj,-intruder state 2 Jj
@ l-quasiparticle state f5> ¥ % T3 seniority %%

ALLEUH

Bihid Ml#itshascssbhsd. E2EBICD
1 TiE KISSLINGER i X 3 &%,

<ajm Im#(Ez) l¢af—1:m>

=\/ 2j—1 (= DWW,V Gl m(ED) 5

5
- GIm(E2)| 717 (1-10W (2/7 57/ — 1))
- (Gm|m(E2) |j—1m)p, @)

TCZT a BT bV 4y Jor 2HEREOEFEZH T

EOREEE B LEEKRT S (LA S B(EZ)/

B(E2),p it TABLE] [T/RT LA IEKHHNBY.
B(E2),, I A « B 2 EHBO E2 BB 0OME

(kev) L-11/2;and other g
800 unperturbed 3q.p. s_tates 32t
«—Q + 13/27 — L—_ .
: —s) a2 512
o0 5/2¢ -
—1 Z/
2t 3z (1;2_ _— gﬁg:
\7r2+ E—
600
V74
n2"
>0 o 72t
5/2" 512* sz
-y ——————72*
400F tsr2) .
—5/2
2" was P.
300F W sﬁaﬁe
200
ne-
1C0F
3 — 3/2* 3/ 32
* 172t /2% vz
Expt. Kisslinger & Kisslinger1s) Glendenninglz{ Rotational
Sorensent?) band

Fig. 2 Comparison of the experimental energy levels of '*Te with the theoretical predictions,
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TaBLE 1 E2 transition rates compared to
single-particle.

i B(E2)/B(E2)sp
7/2 ‘ 9.12 (2U4V 5)?
9/2 : 17.6  (QUV 5)?
11/2 20.7 UV 3)?
13/2 46.0 UV 5)?

=& 5.
wTelc BiF 3 9/2-—11/2- 176 keV 7 #5385 0 £ i
FEld (709% M1+30% E2) Tdh 52 &H3 L-subshell [t
DREIC L s Thh ot ZDiRA L E 321 1keV
9/2- R DF D 1T6keV ¥ EH OB B TER L
KdBERDEL DT B.
B(M 1,9/2-511/2) =2.2x10"*

(i (o) 1t).
B(E2, 9/2—11/2)=9.3x10"?

(e x10~** cm* Hifr).
SPM it iz BehesE & L C Weisskopf % & % € &1C
ThiZ, COBs BMLep/B(M1),=2.9%10",
B(E2)expt/ B(E2),p=3.6x10* 213 5. 772U B(E2),»
13 Weisskopf fEic 2 ¥ v &1l 9/2—11/2(4J =1, L=
2) IKHiET a8EErRTF? S(L=29/2—11/2)= 10/143
RRULBDTH S COMERACYHEZER Lhyy
1k, RO E2 B0 B(E2),y LFEALIENTE
3. P EORELS ML EFICOOVTNHE 5, §ib
L 7z KISSLINGER DitRid EHEMICIEIE LK 2T L
Z. UL LE2EBICONTR 2 B(E2) /B(E2),p
=30 252 AICEELN. LB -T, 9/27 BAZIERE
D OIEEITAIEN hyyye HFIT & B 3-quasiparticles state
(9/2-intruder state) & L CEHABRT DI EBTEIL.
BigAc, BTe PHE OB BT 3 250" BB D
B(E2)expr DFHHEIT 9. 2% 1072, 125Te thd 5/2+—3/2*
BT B(EDan=11x10" T 5>. 9/2->11/2-

1178,

B0 BE2)-EBCh o QHMBETHIT & 2HEIC
ERkd 5 & aER L.

WETRNB L Sic »Te Tid j-#ik El I£805%
Y, 321 1keV 9/2- AT Lhy,. HLEBATR TR
iE (intrinsic state) & L THTR -T2 EFHEEH
5. 2T, ROKDIBWHEBERET 5 LUK

s

I

19/2-5: a|0, hypy; 9/2°0+ VI=a@*|2, hyyyn; 9/27)

111/2-5 2 10, hyyje s 117275,
Xghid, 2 DDOREMO ¥ EZEBOERT 205 a
=5x107* 2135%. COREOHEIT =5 FurisniEk
4 % major shell iOF v+ v Pz ANV F - SEZ Tt
NHVHB. Y IEBEDO ML RS s E2 uisr b RIS
WTEBCDIRERRL & S RHFEICH B LDOFHIC
BOTHRF L THIBLENHAHD. MMOKDFELT S
ERHROBESE TN S.

3. J-EI E BB

SPM i3 T8 30 Ll FAB%RT 2 major shell iy
DO EEBRE L OBA¥IEINEG 2 TRERT
LR TOBDERDDAY Y jojr LEBT ZREDL
2 OFN 4) OMIKEFSNZBGE 4J=>14:—7/]
%Y F 4 24l yes TH I TCEBTEROHILTH
3. COXAIREAE—RIC BRI LS. hEHR
MTEVEREMORIC El EBEBBERNIN S TN
F, ULkMoT, 22 J-RILERR T 5 BARA
dH 2D BT octupole vibration &R FOREE HiLE
LT3 Z &R 5. BEOHITE "> n B&
o B Te B TR &N EL igBB ko j-ik
BEBTHE”Y. ElEBICEARL TV HEEZEZN
21 Fig. 3, Fig. 4 [T7RL #z. octupole vibration & ¥
FoAC X AEAZNNcThE, In BT Z2=49
< l=4 #EMNE&KET 2 IV, V major shell ¢, Te |3th

K=25"(431) band

% 1715

1158
Cd d
% 1249
E B
N o, fad Llns -
e ad = 86395 5. % 881
3 82839 (14*,3") SRS 43ns
. Ay & | s4ns R T )
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= & o 4§ =2 N o20ns
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n7, nuy
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Fig. 3 j-forbidden E1 transitions and possible deformed states in **In, ""In,
(from BacKLIN A. et al., ref. 3, and THosar B. V. et al., ref. 19)
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X 6423 El Bl LT WTe 2bF5c&icLikD (Fig
7%+ ny T 636.2 4 BFD.

AR AR B2ETHALE I, Bl B 213 <

S — ' T b Lhy,. #ti13 321 1keV 9/2° il o> PYSHL TARME &

gﬁ LTRALTHRFRERE S, UL, bLIERAL

%é TWBDIE Lhy, BIEREF2ET 272518, 642.3keV

“ 7/2* BRI S 320.9 keV Y UEE 1713 TL ¢, 636.2

% 3211 keV 7/2v #LI WL SD Y IEBLBREINTENTIRTH

hg 3. Lbrd, BEFE~O BEHOHMBFIF DT IICHE N

gls 2L 34ELBRODTHS. Chld, 320.9keV 9/2 #fy

g iZ 3fon 32 BEBELREAL TWT, HEo EL

ug 144.7 EBBEN TR —2d,,—3f e 2d:—>3f 1 191

—1h,,,, etc——T% 1, accidental cancellation ## L

a4 T3 &%i%n%m 2d,, 2ds/5 191, BB 7/2*%
%' (&) HEAICBIR T 2 NI TIRIET & 5.

e Tes, e

Fig. 4 Odd parity states and j-forbidden
E1 transitions in !*Te

T8 N=73 < I=5#a»B% 3 5 V, VI major shell
TENENRMESEZZ G NER SR, 2R
HREERT v v v VO TO SPM B A H % TH
BicEy, @YTERUAEERTRMES 2H s ,LT
 EEEEL T B E L TNilsson BFZ & 200 28
DOFBEZLND. REOMBRIERKEMEEZ
SNTELPERCOTEHELELORENSHZLTEHD
T, BOBRRELIEERES QLT LORUERT
vVenEBLBALBINEEZLZ LS. InD
EERMBOMFICIE Nilsson & 0#H#BICLBECHHE
WEIHITHY, BEOUEEARCKHALTNEY. 4
BOBREBENS. BIEAIC, In, In @ ELlH
iFospfaEbhw LT £hEh 5x1077, 2x107" FEK
hinder ¥t TWv%. Z@hindrance i3 c T TSN
TWAHREIFED El %0 hindrance® 10-°~10-" &
FIRE LA LS. TABLe 2 3 1967 4F 12 A ¥ TICHeE
SRR EHFKOEOBRENICA SN D £ To El
ERAETEDEDTHA. IV major shell O E T +
WFE = L, RILLTCOTHEABRE D 5T S
DT, Lf,,, HFi3 valence particles o4 5 &
Kehid, ZEETH IV major shell iICBRT 2 As
(Z=33), Se(N=43), Ag(Z=47), In(N=49) tho) El
B J-%ikicis 5. PA(N=59), Sb(Z=51) ickw»
Tiz V major shell T j-#ILEBTH 5.
PERDRISAT M{EfEL T2 X i, Z DD El#g
BREH TEBTHLETHEY, ROBIHRKENEEZL
3 & & THHH major shell TRFOEN ZEE LT
NEB S 8BS, NIPHTIREE% H3 major shell
TTHERT A EOERM T, 4 TIiC, IKEGAMI and
SANO A8 Z(or N) =43, 45, 47 ¥zl 1} Aintruder state
(or anomalous state) [C L THHEFHL TS, R T

320.9keV 9/2- #ERT o PERELFIRBEDS Lhyye Lhs),

DAoBETTAL C EICIE b &, T 4112 Nilsson f&iBd
THH TR B, $h—F, 11/27 #Rko X
SIHREERTF v v D SPM W BIBERERIEICE 5T
VAR FERIICIEEBR T 0. 11/27 BRI
KFREBIGEOND T A NF =2 NF 2008820 L0
METHD. ULl TLL/2- #Efnd BEIRE 1/27 L
RIS - 1o EHETLIREE (6<0) KH 3TN H S,
23 hid, Nilsson HEHOBHOMURELSNDZDIT
BB, EICIR_7-FEEEEET A&, Hiffic Nilsson
YEEEZRETTHETEZLIUSDOTIRIEL, £H
ERDRBERTORENR ENBEHITRAT -TIEE
WA LDTRIENLAS D

4. BEZOER

MEFKEEEREEEZEZONTE DY TH S5,
RV B RS HERL 2 BB B 72 I BT OB AR A S
72D 1% Bohr-Motteson D —HiFipsRF I B &3 <
DT ETHB. (FIZIT, ' Te @k 156) % 7- Nilsson
BRI OB O ERET X b e ENH B
(Blz i o Te Xk 16). UL, OWIFhEMDOIERED
BRI DBEEDTEZOMRRIERTERT — 2 1H -
fe 1 T i3 12, Davydov-Filippov o Jiihset Filol i A2
s L, chxEHOTHhEFKOROEREN &BH
WE, BREERLELIMTIALBTEDbALT. L
L, BEEROMTNEENICKRTIHERETH D
IR HMREREFEL AT EICRKIL
Bhote. ZOROEBRGIBOEITH S, LTHEIKIEC
OEBOETHRRETH S ELTRNEANTHOMN
KH#TH-cho, EROBEZZOTIRBINTE
O HHNEW. it - T E. MARSHALEK, et al
BEIHOERE2%H U T, Ru, Pd FHBICEOER S
DHIBCEAEEHLLOBEKSZCLETHE"™. 2D
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Tate 2 E1 transitions in medium odd mass nuclei ¥
Transition| Expt. int. .. . . .
Initial state Final state Mixing ratio| Branching| 7T (E£1) Hindrance
Nucleus J1mE1(MeV) 71,2 (sec) JfTL'fEf (MeV) energy conv, |6(M2/E1)| (%) (sec) w
B e SAITEY (keV) | coeff. :
3/2 s 400.7 |12x10| <0.028 13 4,810 | 4.3x107
BAse | 5/2* 0.4007 | 1810 1 3/2- 0. 2616 | 1359 |2.6%10| 0,012 64 2.3x10° | 5 2x10-®
Us/2- 0.2796 | 1211 |2.7x10 19 7.8x10" | 2.3x10-
{ SR — —— -
(3/2 g.s 630 21
TAsw | (5/2%)0. 632 (3/2-50.215 | 417 49
(5/2-)0.263 | 367 0.04 28
"Se, | 5/2- 0.2501 | 9.3x10° | 7/2* 0.161 ’ 86 |9.6x1072| (0.0 ‘ 38 | (28x107 | (2 4x10-%
SKry 5 (5/2°)0. 562 ‘ 7/2+ 0.0093 l 26 } (2 x10-%)
19R b ‘ 5/2- 0.360 \ 6 510" | 7/2+ 0.040 ) 3200 (0. 06) (L0x10-7)
1°5Pd59 | 7/2 0.6144 \ i 5/2* g.s. \ 644.4 | 10x10° ‘ 95
1 5/2- 0.4226 | 3.4x10-1| 7/2+ 0,093 | (330) (0. 5) (1. 2% 10-%)
107 Ageo \ 5/2+ 0.9218 3/2- 0.3246 | 596.8 |1.1x107? 3 ‘
| 32 12224 | 3/27 0326 | 898 4 %104 40
WA g ‘ 5/2- 0.414 ) 3,310 | 7/2* 0.088 | (325) | 0.5 | 9.7x10" | 1.4x10"8
’ 3/2- 0.5970 | 2315 |16x10%! <0.18 | 8  9.1x10° | 3.1x107
+0.8284 | 5.4x10°° | : ;
- ‘ 3/2+ 0. 8284 x10 ’{ 1/2- 0.3362 @ 492.1 '2.8x107, 0.20 | 92 1.2x10° | 4.0x10-7
Nee !
' 3/2- 0.5970 | 267.1 0 0.2 | 1.0x10° | 2.3x10-8
1/2+ 0.8639 | 1.1x10-° F{ .
/2 0 | x U1/2- 0.3%2 | 520.7 |2.0x10°,  <0.20 9 | 53x10° | 14x10°
‘ (3/2- 0.5886 | 7.0 | 0 3.4 | 2.1x10° | 2.4x1077
3/2+ 0.6596 | 58. 10-9{
- /20 0 8.7 1/2- 0.3153 | 3443 |5.9x107| <0.19 95 L5x107 | 1.2x10°7
iites 12 0794 | 310 | 3/2- 0.5886 | 160.8 0 <2 |<L9x10° |<1.9x10°
‘ : 1/2- 0.3153 | 434.1 [3.0x107°| <0.26 59 58x10" | 2.9x1077
NSk, | 11727 1.87 ‘ (~10-%) | 972+ 1.22 153 |4.9%107%) 92 | @.6x107| (~107
8/2- 0.3211 | 3209 |9.6x107*| <0.07 7
7/2+ 0.6423 {
¥ Ters /2 7/2- 0.5252 | 117.3 |8.4x10°2 4
7/2+ 0.6362 7/2- 0.5252 | 1110 |3.5x107 0.25 0.5
+ This table includes all data on EL transitions reported before 1 January 1968. Data except these of In and Te are

taken from ref. 4 and Table of Isotopes edited LEDERER, ez al. (1967), To consult the original papers was performed

if it was necessary.

T, MEKORFEBSFTIHLbhk BV,
THOSAR' D% & WHREET, MWEAZKOEEOME
AR LTABC LI LED.

THOSAR, et al. |3 "In @ 749.4keV 1/2% BE{T(Z
K=1/2(431) Tl Sha NI FRETHH ZHIC
3¢ K=1/2 [@EE Ny FBELNTHEEFRLT
Wa* coEinsy F—a2/29=28keV,a=—2. 2——
MEERT 2 BigER % Fig. 3 OfAMHICRL.. K=1/2
(431) JREEIIHE 3BT~k DT ELiBE R L
BACKLIN, et al. ¥HT assign LzbDTHBY. #
bﬂbtxvmﬁwﬁm%ﬁﬁﬁhd Z 23 AR/
VIEMBRLNETHAD LW T 2 DRMROT LT
% 5. THOSAR, et al. (% 7/2+~+3/2+ 221keV B XU
1uwaur3wmvvﬁ$®3wmﬁ%n%nww

11/2* #E 47 > & HERIE 9/2% ~iEB O B(E2) i
BT 300 %, 650 f£ & FEHICRKENVTEED ST,
7/2+—3/2%, 11/2v=>7/2% #fh K=1/2 [l#g/Ny FO
v ¥ N#:#% (intra-band transition) & & Z #2'%.

B(E2) OlIEBHEOMEISH LD TR,
SFHIC K > TOBDT, BERENDEBSPEZDOD
FipFIc hinder ST U, < @ enhancement 3% D
%, sH-EICHTIBOERIEBZIOSNLBL. ThEd
RERE~D YE&HEOD B(E2) LT sp-lEBKNE
fPciz s 3 hid,

B(E2, 11/2—7/2)

B(E2, 7/2-3/2)

~ 650  S(L=2,11/2-9/2) _ o *
T 300 T S(L=2,7/2-9/2)

(2

*  [Note added in proof) *In €4 K=1/2(431) D[E# Ny FRH D H 5 EHREN, REELEROLFEORERBRNTL X

7z, (McDonaLp J, et al.:

Nucl. Phys. A105 117 (1967)
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—J, K=1,1/2 [alig v FRTIX
B(E2, J +2-J)

:1’35 QT +22K, | K52 (1+ (—1)7-Kb)?
(3)
EEERDIND C LB T N,
B(E2, 11/2-57/2)
“B(EZ, 7/253/9)
_KW2212072 D1 1, g,

[(7/22 1/2 0(3/2 1/25]°

&85 (3) KO b MK T-REBCBEHTE,05 #
2—Thb TOXICLEDEETHEL B(E2) oo
EERRE E K=1/2 B Y FO &L EOEREMNLN—
BERTCEIBRDECETHS. ESICHEFLEDT
AXDH. =1 DNy FREBIONTIE
B(E2, J+1-J0)
=%e2Q02|(J+l 2K,|JK> |
(A= (=17 %+ Dby (5)

EEEFKDHLENS . BACKLIN, et al. [ kB E 1/2—
3/2 89.8keV Iz OMBALBRERIZ B(E2, 1/2-3/2)
=0.404 T 2.

—F, 2Tl B(E2,7/2-3/2)=0.11 11 2. -
7L, B(E2),, & LT Weisskopf {fi 3.4x1073 T
S(L=2,7/2-9/2) #F L THONIEEHN. T
nid, (3), (5) Rk » TMHEEBERDHE, B(E2
7/9—3/2)/ B(E2, 1/2—3/2) I» & /5 * — % b DfEMHs
k2. bbb 6=210or 0.83. Z b DEHNE(5)
Bz (3) Lz@FELT

15 ChoDEOZAMIT I oI D>V TOHES
HEEZZKEGOT — 2 BMEBEINTORNDOTHOLS
e s, L7156 MeV 972+ ¥ h o0 E2EBOD
NG, F5b 1t B(E2,9/2—-11/2)/B(E2,9/2—7/2)
BERMCKkENE, (5) RERANT b DEICTF
W E D hOYRIITRICIE 5. 9/2Y—11/2* 465keV,
9/2+-7/2% 834keV EHO M1, E2 REKOERT —
EDIENDREBERTH 5.

1#5125Te DRV IC A S5 1/24 (gnd), 3/2F,
b/2+HEfr % K=1/2 Mligs,8v F (13Te, #2/29 =54keV,
a=—0.02;'*Te, #2/29 =49keV, a=—0. 76)*® T23HY
TE2HRACEERBLE Y VARBOBIF 2T 52 &M
TES. "Telt 20 TaNIE, TABLE3 D XD
5%, Ml B O>NTHAEK FIREICERT 505
A= b kT, TABLES DL DICIERY. ¢T¥
RO 2K S #Efe.
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TasLe 3 Comparison between parameter b-values
calculated from the different matrix ele-

ment ratios.

Matrix element ratio ‘ b
B(E2,5/2—3/2)/B(E2,5/2—1/2) ~5.8 0or —-0.7
B(E2,5/2—-3/2)/B(E2,3/2—1/2) | .2 or 0.4
B(E2,3/2—1/2)/B(E2,5/2—1/2) ‘ 1.70r 0.2

TaBLe 4 Comparison between parameter b’-values.

Data | b’
B(ML, 5/2—3/2) /B (ML, 3/2—1/2) 0.3 or 3.6
B(ML,5/2—3/2), prgnd {l' Z(g“;(g'k?’_,) &6)
B(M1,3/21/2), ftgn T o

ttgnd=0. 887 nm

B(M1, J+1-J)
R eh \? 2J+1 Y
T 64n ( 2mc) JH1 Gx—gn)
(14 (—1)7-12p' Y2, (6)

14 =ﬁ(ﬁx—33)

(A=@J+D(=1)T V'Y + Jgg (7)
727U, gr=2/A & U7z. TABLE 3,4 |3RERT— 2 A8k
e b, 0 ZHEFERARDBEBTERNC &
ZRLTVS. LT, »Te O, 5 4 BALIT
DO TIRBRERER 2 Z0E ZTHEM T LIITE
. L, B3mTRAICK SICA ) 7 1 BALR
SEHETROWRED 5022 OREBEMNTHD S 5.

wic "Pd oflEEDHFSc LicLLH. PIERSON
ik % & Fig.5 DX Sic Nilsson #2852 5150,
Z DA Nilsson BRI k S hidHATERNE
WOEFIR RO RThED, Nilsson EREHRT 5
& %ITiE A assymptotic quantum number OEIRAIC
£ 3 YEBOEEHRICOVWTEZTHS. Fig. 5 IiT
LEh TRINL YEBRBELEEBCELETH 5.
319.3keV 5/2* 5/2 (413) #ERT D FHriZ 0.05 nsec 73
DT. ZDEMHSLD 38.3keV M1 EHIT sp—{EITH
LT# 85 £ hinder T 3. —J, ZOEMNDLD
HEREE 5/2+ 5/2 (402) ~» 319.3keV iz E2 i
S 1% (161=0.1) 925 & ML Ksrid# 50 45
hinder 112235, E2 f3 sp-il i #EatRT- 2 AN
L TH 24% enhance XN T 3. 2Dk DHiC E2 ¥
Bk L XN EWN S T i3 Nilsson il assign-
ment & 35T 5. 319.3keV Y EBIL OV TIWVHE
D MI-E2 BAHEMSH LY. {io Nilsson #ERLICDU
THRMKT, MI-E2 BAKZI3 - XD I, &7
i, S b(E2)/b(ML)* HkE D, (b(E2)/

* RRRUARE-NTFEBOHKHET SL=247=1) £ZZRL D> LT, %l 2 Qo OEMBRES.

*k B(EX), b(M2) 1% intensity % E,(MeV)? TH 512 dDTH 3.
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37us 4890 Y U4~ 94 (505)
442.7 (35726%)  75754(402)
SHE- 3
6 5 dla 3! ("
344.4 h & 3 I = . ‘
0.05ns  319.3< h h /(%'% ) 95'55(413)
306.3 7 %' 75%24(404)
2805 B8 I8 Nt gta)
8 Al R
R
S| 8§ = 3
N o
0 ) 56" 54755 (402)
(keV) e Pdg, I"K (NnyA)

Fig. 5 Nilsson model interpretation of °Pd. (from Pierson W.R. ref, 21)

b(M1))p~10"2 & H#E LT ¥ EBOREEIMND NS,
bEAA TNENOEBERBERMICE O CE
DB DI,

433keV #epr % 5/2+ 5/2(402) & 1 [migHefs 7/2+
5/2(402) (#?/29 ~60keV) &8 % % D3, 163—280 keV
cascade Y BB EBLY B(E2)1~0.2 L1
KEBETH B EMFHRBILIS 5 T BD DS,
443 keV HEfL S HEREEAND BB D ft DRI LI
FRMEBREIN TV A, 2/, REREDOER 4 MgHE
Q=+0.77b (6~+0.17) +rEEXEHEEEE p=-0.6nm
& @ consistency IZ DN T HMEANNETHAHD.

344. 4 keV #Ar O IR FIREED assignment &4
DOFMETH 5. ZTRCDEMPSD ML, E2HEBIT
DINTHBE, b(E2)/b(M1)~2.2%x107 11 b, sp-
BERFLAE TV AT EBIEHTAHICLEED .

FEFEOEE, H50ERREEEEOIEORMEI
EREOHIEDNIE MDD TH D, COBBENE SICH
BLTRTIEOFHLUOHBLEAS CEICR 2 hEI it
IUDESOT — E—HIC o, EBRHR FEEE
BLUOZDRAK—OEREHFDINELILAD.

5. © 7 U
MEFEOEOHRENEIC El B 8ELET L&
i, RO EHASHEN % RERR T B IR RE TR BE A BL— major
shell LR 22 EMNTERNC EEZERT S, iR
FBE & ST &7 SPM R EIEECE BIEIC & B ET
70—~ FICHERI A S DTHB. KISSLINGER D
3-quasiparticle #%" THIY & 5 W.F%, I major
shell ¥ THIRL THEAZTAHBZCERBETHELOHK
AZB. B, CTCTHEICL ek DBEWEHEEET
I octupole vibration &¥iFODHEDZHIEMIERL TV

52 ERINERIMNRESITHA DD

DR DO ER TEICRIE & Pl ETERERIEFE L T
W, BEADEFEBLOHOLEEL T 2 0OMEZA
BOKESBEETHS. COFFRHETHICE, T4
WE—HEN, RV, RYTF 4 EVIETFROBTIRE
HEREDICHET 2UEBOIEI LI, BFREDNBE
EPEENCRLRT 28R, EBEE, DIk, $E
BEEZORAN, ES4ABER WIIEREELED
HFBERLZEMTERL. ERFT —ZOEEMBFLN
5. TNRELEBRESELTHDNE DO TR,
®roic—=, 7 ENjomEe K HISATAKE 78 A
=41~147 OBFETATRIEE VDT, “ERO/NS
W ERRULIcDE, B LERTH- Dbt
IAG AN

X M
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8. FHIBWEBIIEFT 2M-BEOEHEHREOY 2T <7 47 R
BOA Mgt OB T

8. Systematics of Collective States of Even-Even
Nuclei in the Rare Earth Region.

ZYUN-ITIRO MATUMOTO* and EIKO TAKEKOSHI*

Rotational energies of ground state rotational band, measured for even-even
nuclei in the rare earth region, are fitted by the usual rotational energy expansion,
E,=AI(+1) + Bl (I+1)2+CI*(I+1)°+ DI*(I+1)*+--. Two-(A, B), three-
(A, B, C) and four-(A, B, C, D) parameters, obtained by means of several
different approximations, are shown and tabulated for some of typical examples.
These values depend fairly sensitively on the choise of approximation. The reli-
ability of the results are discussed and degree of the agreement with experimental
data are compared with those obtained from YOSHIZAWA'’s empirical formula and
HARRIS' formula (cranking model extension). Similar analyses are applied to fit
rotational energies of - and Y-vibrational bands.

T, OV RAUTED T ;A F —ENDIL L $10%
1. FAAE BEOThMBIICENDLRLSE. COTIR, 72EAIE
EEEESORESE, B REBXC 7 RE)OIREHNE
TIHEOERT — 2 0RBFHELEEROHEIEIEHLL
om0, REREFKICOHNT 2MeV {50ET
DIIFREENF L CBAONB L HLLB - TS BT ” 1675
ER LB FROFER TR, BHHEEE R R7 b
PR OHN R vORET THL ¥ T, BoHR, MOT- ff——— g 0TS =15
TELSON, NILSSON =% 5, icth & 2 EFEHER N h S .
DETHOTHOREARAL bOTHBL ENETE o 128
THLHONTNS. ERMO—>0OHE LT, Fg 1 Tl
I Dy OIECHEREDOL < - RE— 4 ERT. F s s 0T
RicH SN2 REEY, 8 RBHLT ¥ BHOEE i o ovibrational band
MoshFNICBET VLI I VF—T, TORY k=2
viaE I & LR IT+1) law iIKE, Wbhw 3
A2 _7 bV EEZ B LhL, BOREVIREET
EERAOICAVEETROONAX SR - R 1T+
D law pooRMEHRITRANES2ICED, EEO+ Qe 3165
SAREBEBRTITRR/DNE0D, RERIGESICD
NTEOITNMELLREL B EBMoN. & 2F 87
Zif Fig. 1 @ ™Dy &z N 4392 THREK AL o0
Lo nics Bt BEEEHD 10° L XLOTHwF Y
ZoNT, Id+D) law o5 ThaEad 20% BED k=0
PBEEIOLND. bolEEDOHEATL Er(N=96) Fig. 1 Energy levels of '*Dy. (from ref. 14))

6 364

* S JAERL
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BIH T couple 9 A1 W % rotation-vibration interac-
tion & ", & B WVIREITR OBl L A8 HE 3 ICHE
FHED VWL DK & EMNED » 72 D (centrifugal
stretchng), pairing @ & H3U5% & 41 5 K FARMERE R 13
BT sicksbnE LTHNEHhEY ™. ok

S I+ law 50Ok X 8 ok,
MEMFECH T DOV BELZRTH AN E S, ERNY
KZDOREIZEEICKRD BT Eid, RERBEDEMND
B D OATEFNEERE T L TIRIL.

— BRI O BRIE A% O $IR T2, BOHR o R BhfL
RV~ T —[ROEMMLEHHANE I TED, KEMIC
SRV EHEAIRESHE (BB INA L DI - TRV 3
B, EEBCHENTZOBEEIRA G ->TWLEEAR
V. FREBHEBREHOB DALY N=90 24D
BFH TR P 0ATH 2B MM0ERFIRTRZOBD
BEHLOBREPPTHEEFZLOLNT NS, ZDEBA
BWORFHTENENOWEBEDL HSIKEHDbN, T
BBEL A>T ahEnd b4 HmoMpe U TRk
nBH 5.

DIOIIEBTIRO B HICBKR D H O, EEHKOD
Eig 227 PUBIEBHEBICE I LB -TEDL D
RED 2T DPERRE DI END T ETY —~<1 %M
WichdTH B0, ¢ CTRATEAROB-HEKICOL
T, ZOMEERARY bz SN EEIRBROEL
RCHH LI BR ZBNT 5. EHOKLHII HHOH
 BEEREOENEENCE > TELRDEL - HE
B2EDIBCENEE. 2.1 TREERESCHLTY
—NA BT o I $EREIRRD. PRI %, &
BHERE TEDLEVEBRTHWETE 2 X 2 HBEER
ERDLBHEBOAVARINTNELDITH S, Z
DO—2& LT YOSHIZAWA ([ & DR I - ERBRRIC
DNT, EDOEVHEEL BN, ZOEBRIT N=90
O#» S Os, Pt fHIRE THD TAE ROIEMRICE 5
TWHWAH, THERERERRY bERIC Uil o
W A1T15 5. X 5ic HARRIS #8372 cranking #i#
OIARIC & ZEURNT OGO FEBED & O & BT
3. 22 T3 BEHBLU ¥ REBTEIC OV THIT
FERE R~ EER T & OB AT .

2. EBERIRILE—DER

2.1 EERES

ZIU 2 BT DER T, FHTH OB ik gl
BRABATV AL SRR R bAERT. T1b
BEIHVAADAE Y ELTRHRT A E— B, 13 I=
0%, 2+, 4%, 6%, 8*...... I UTIRD & S5iIcET 5.

E, =X 1a+1
2T

T J REHEETHS. J BEFHKO rigid 75
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REL DL AT HIR D/ E K, 20~50% FLfE Dl
ZEOICE X 1. NILSSON-PRIOR |3 cranking %Y
ICd &T%, pairing MEIEAEZSRICANTHEHERE
DOFHFEEL, B2y TOEERRICHT 2ERME S
PRORSADLEDLCENTEN. LTAT, MROE
NWREYOIRBEBICHT 2T avF—ic o0 Tk TT+1D)
law IpSDFTNDPILOKRE LD, TDOThOHANR
J BB ERELAB > T ERWIET 5. D&
SR EMRBIEINE LTI, T 8L, TbbETF
MDA TIC Lic S » TEBRETEO K & 1T
A% {115 centrifugal stretching O%HE, kgl
W ASHAIC DT pairing interaction DIRX AFFH 5
NEEhRD J 2RK&LT 5. Thhs BEBIC YR
DIREEE 7, X ST intrinsic configuration DFEIS
AIRHE & D rotation vibration interaction, band mixing
it & % level energy ~MEGB8ETF SN T 3.
INSEEE LT Er BROEL S IT+]) O&RRE
MO TROLINDEBATIN.
E,=AII+1)+BI*(I+1)*+CI3(I+1)?

+ DI (T +1)34eeeee . (D)
A=#*/2J, CRBHOHROEHD S OFGFMNL0AE
T 4. Rotation-vibration interaction {Z 2\ T3,
BNECARBD BBLY ¥ RELLOFENETH
2LEZoNDH, BECXZHETE FA+D Kk
7= energy depression 5.2 3. BOHFSICELT
I%, energy depression Xt U CRIWAFRITHBEH, b9
HSUEBHEEHHIc I, KRESKOVWTRERKD
BonicED 10% BEIGERERNEZSZSNTHNSY.

T bhvbhid T I HIEFAROE-BKOEER
EHICBT A L2 T, (1) oEfBEEEK
BEUOREAEZL, KOSBODOHET A, BIiEOF
Bk,

O (A, B,C,D) A4-parameter THE/N_FH:,
0o A BO 3- ” ” .
N (4, B) 2- ” 4 )
+ (4,B,0) = @HL4NLeH v b bk B,
x (4, B) % (2%,4%) " )

LTRSS THET L IR, bz 5 &
— OB EHESRZET L0 EKET, 2%, 4%
6+, 8tewne DU, 1:1/2:1/3: 1/4-eicis
% & 515 weight R 1.
COEHCLTRDI A B BOflis LORLE
ZRWWT Fig. 2, Fig. 3 IZIRENLTV 3. N, K4
DRI T 2T — 2 DO LOFFIFZOEEHFTR D -
ThbAaey 1 ODEKEXZRDT. MR TsLN
SEkh S, AL ik Gd, Yh, Hf, Os #5133, B
It LTz Gd, Hf, Os 25830 T 5. KoY
BRTHBD, el FHRICELTASLE, 2O
THALTOEWY Sm, Dy 13 Gd &I 5 Bl
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Fig. 2 An analysis of level energies of the ground state
rotational band, Experimental values of the term
A, analyzed by five different approximations of
the usual rotational energy expansion, are tabulated
for Cd, Yb, Hf and Os isotopes. Open circles,
quadrangles and triangles represent A-values by
four-, three-and two-parameter least square fits,
respectively ; +and X symbols correspond to the
solutions by 2*, 4* and 6* levels fits and by 2*
and 4* levels fits, respectively. Numbers in this
figure mean the maximum spin value of the band
members observed, Experimental data are taken
from the references in Nuclear Data, Section B,
Volume 2, Number 2, August 1967, Key Number
and Key Words B 2-2-1.
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Fig. 3 Experimental values of the term B. See the

caption of Fig. 1 for the meaning of each symbol.

f%RL, Er, W i3 Hf, Yb 05230 IZUTVSRC
EMB. Fg 2 THIODIK HICERELKE {HEED
FELTWBERTE, A OERVTHOFETHENWE
2EB. ZDEIREDICDONTIE, 48XV 3 para-
meter THRN_FETEDLELBOED, BRIINILLN
Woe TR NF—ERADRILENTES. LTAH

8. HABHRIcHY 2BR-BREOEMEBREDOY ZF<T 47 R 41

TOVRLTEDI+BLIEXDOHETIE, BLAEY
DUVRNVTEDIANF—HE—RICAELSTATLE
5. ZRhiL, FonzrEeryor it B, C OEICIERIC
WRICREL, B, C OEOFIREN VR 2T 2N
TREERARLORNCZEIREEDTHAD. Fig. 3 O
B i AICHARBEDRBOESIE>TVBC &I
DEEORMTH 5. (Semi-log THRRINTNB &
CHERINY. BEBFERICID ¥'Gd & *Sm (N=
90) tzhroOEBERICEST 2 Os #%Tik 4, B
EBICHED T Y F BB OAEN. BN REDOFHE
TREBOBEAETIC Lk -> TEREL O—BUTAHE
KR, ODBARIBEAEDF -2 TROVGRE
b, FICEF B2V TREVLTTOThENE DR
x{70%. ZLTOD AN, +FR3x0 AkESY
UM -T, 72& A1 *°Yb, **Hf, *0s, **Os ;1Y
THOREBCRO—BEEEZLS. #FH ARBVED
VAR SIRDIZED, TIRDOE+EMXDEDTH HBEK
WMODMEICE &, BN RG34, (LDRORE
HDOEOENRTDTRN & FiIi AN ULIEDER
SIEESZTLUEIERmBLTEKNTH AD. Bic
st U TRBIIABEDT DOV REG TR B DRIEFICHE
R, HEMEOREORETOMDIEENICE NI DK
BICEET R, i 20 TIROD X DK+ ICBBIE
2L ST, 100 {SVETOUNAHSE/N_FHTHR
HIEDF BB ETHAH. C, D HMrLOFEMN
AXLBBIIBEMLEBVENRE Y I THRITKED S
&, BU BOEOAHEESIHEKT 5.

(1) RoBEEEROIRITTIE, N=90 o+ Pt
BHi-vicit &, 1o& i 4-parameter it ZFHINTH
ERBEOHFBRMBOT ML {834, (1) KREWHLTH
- EFEREE K LA D X D75 empirical formula %3k %
E2EVIRBENANHDHB L D THS. YOSHIZAWA
RE-EEOREMENDORA R 7 FLAREETTED
T EVERT, DOBVRE VYOI AN —HETHL
AhREIEPRELTRODDEREL .

E,=al—bI*—cI3+dI (2)

BIEOA X ITKICH L TIE a=zbdieddd, BEK TR
aybdycyryd ODPBEMERIALT 5. bhvbhiz (2) X%
A\, Biicali~7: weight @& W T 4-parameter ©
B/NTEEICX B it ZRDIc. FOEFI%E TABLE 1 T
Rl AETCOHECE D DO EEBLTHSE. Y B2
(2) Rk o, BM-4, BM-3 iFgiicak~7z O
B roOixind 5. Rmsig root mean square devia-
tion TH 2. bbb LIIZEALDOKT, (2)
RiICE 2 bDOIFFENCERM L DR O—F AR T TABLE
1 @ *Gd, **0s, **Os OEAI, i (1) XEHAL
TbDEDENEETHS. XDEFEOHEALK “Er,
19Dy, %Dy Ti%, [ 4-parameter fit TdhH % BM-4
EH~BE, COEARREREEL BM-4 0 BROS
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TaBte 1 Rotational energies of ground state rotational band for four-parameter fit by YosHizawa’s empirical
formula (Y), and for four- and three-parameter fits by the usual rotational energy expansion, res-
pectively (BM-4 and BM-3). N in the second column is neutron number and Exp. in the third
column means level energy for each spin state measured. Rms of the fifth column represents root

mean square deviations (%)

I E; (keV) Rms
Nucleus N ' % Ref.
0
Method 2+ ‘ 4 { 6+ g+ ‘ 0 | 12 14+
Exp. 91. 30 299. 2 613.8 1023. 8 15634.0
18R, % Y 91. 16 299, 76 612. 97 1024. 36 | 1533. 86 0.13 14)
BM-4 91. 23 299, 30 613. 74 1023. 82 1534. 00 0. 04
BM-3 91,45 299, 38 613.31 1024. 12 1533. 90 0. 09
Exp. 86. 8 283. 8 581 971 1438
160Dy 94 Y 86. 89 283, 45 581. 52 970. 65 1438. 09 0. 08 15)
BM-4 86. 86 283.71 581. 06 970. 98 1438. 00 0. 04
BM-3 86. 37 283. 53 582. 07 970. 26 1438.13 0.24
Exp. 99 317 633 1037 1512 2037
158Dy 92 Y 99. 38 315. 83 633. 86 1037. 62 1510. 95 2037. 36 0. 23 16)
BM-4 98, 52 316. 75 634. 41 1035. 66 1512. 54 2036. 91 0. 25
BM-3 96. 82 314. 63 636. 08 1039. 76 1508.10 | 2038.07 0. 98
Exp. 123 371 718 1146 1644 2189
1544 90 Y 123. 33 370. 17 718. 05 1147. 56 1642. 42 | 2189, 48 0. 49 17
BM-4 119. 47 373.04 720. 70 1142. 30 1645. 67 | 2188.73 1.2
BM-3 114. 86 367. 29 725. 24 1153. 44 1633. 61 2191. 94 2.8
Exp. 126.9 400. 2 793.9 1276.9 1809. 6
1820)g 106 Y 126. 93 400. 09 794. 06 1276.79 1809. 63 0.02 18)
BM-4 126. 20 401. 20 793. 26 1277. 10 1809. 57 0.27
BM-3 124. 67 400. 64 796. 40 1274, 88 1810. 03 0. 80
Exp. 132. 2 408. 5 795.1 1257.3 1767.5 2308.5 2874.9
180()g 104 Y 131. 63 409. 72 795. 20 1256. 01 1767.04 | 2310.17 2874. 22 0. 20 18)
BM-4 128. 81 408. 48 798. 43 1257. 89 1763. 69 2310. 85 2874. 44 0. 99 ’
BM-3 125, 49 402. 57 797. 17 1266. 13 1771.13 | 2297.60 2878. 72 2.00

DbHb HROERIT Z2ECARUABETIREBONS, T
I+1) oBREBICL 2T TIE, BwKkO C, D Hing
WRAE YDV~ DFICIEEIC A &15 weight 2/
BRERENN ST, TOLDLLEN 2 DL~ - i
F-—ORENWTH & L ->THbN, Rms 23 (EL
LTOWBENSTEHESEL N5,

HB0IE, RERIGEWE A Tid YOSHIZAWA
(2) RicBF 2 TIChHIT2 & SBEABSKETHEC
EETRBLTNWRENSCELEZ OGNS,

T HARRIS'® (3 cranking model'” A5 L, self-
consistent 2 TEHRDOBE T TEDT E; 2558 T
30 0hREZ . BRI, BEFEORERY o &
LT

E,=%w2(J.,+3Cw2+5Dw“+7Fw°+ ------ ),

A+D))*=w(J,+2Ce'+3Dw* +4 Fa'+ )
(3)

OROBERRSELNE. ccT J,C D, F |3BHT

HRELEZLOBREAKTHS. (CD i (1) KXo

bOLIFHEBBOC LICER) (3) RT w 2HE

THEFEENICE E, 3T olKELTELIbha T &
i85, 153, WAKAL 13 (2) %9 L & cranking
model Lk 570 {Th, L D—BHITIE,DS B A
5T EERLI.

HARRIS {3 J,, C @ 2-parameter, J,, C, D @ 3-
parameter T, fNTIEHEERAOTERMBEEAbET:.
TaBLE 2 T H-2, H-3 LIt d 24 0T, Zhick
B O % T, BM-2, BM-3, BM-4 (£hZh Fig. 2 ®
AL OIRHIR) Wksdbm, YELT (2) Rick 3
bOEWNTHS. CTHEF P TRY MEd R
7%, R U 2-parameter fit, 3-parameter fit % H#5 | 7z
E X, HARRIS X546 Diz (1) Rickaborb
MEPICRO—RERETN 2. EBERIGED W T
KiCZhBiE -2 0BlbhTns. (3)RITWALETE
T (1) Ko IUT+1) OBEMOBICEET ¢ & MHT
X513 THBN TDLxIC (3) RD 2-parameter
2 (1) RCTOEFD2HE, SSCEHKOHOTOH
DD EBATOBICIE B EEZ B LB TES. &
BRIEED—FMBRIBICREAAE >TOEEWNS T EIFER
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TaBLE 2 Comparison of calculated values of rotational energy by Harris’ formula and those of other methods.
In the third column H 2 and H 3 represent values of two- and three-parameter fits by Hagrris’ formu-
la, respectively. See the caption of Table 1 for BM-3, BM-4 and Y. BM-2 is defined in the similar
way to BM-3.
1 E; (keV) Rms
Nucleus | N - o Ref.
\ o ‘ 4+ ! 6+ ’ ]+ 10* { 19+ l 14+ (%)
Exp. 94.5 307.9 627.0 1036 1519 2063 2651 10)
H-2 95.0 308.1 624.7 1030 1513 2062 2672 0. 46
H-3 94. 4 308.2 627. 6 1036 1518 2060 2655 0.10
Exp. 94.0 307.4 626. 5 1035. 3 1518. 9 2062.0 2650. 6 19)
HE 1001 pyg 91.39 | 300.98 | 620.06 | 1034.91| 1526.80 | 2072.06 | 2641.99 | 1.4
BM-3 93. 53 306. 35 626. 34 1036. 82 | 1519.75 | 2069.08 | 2651.22 | 0.24
BM-4 94. 04 307. 26 626. 53 1035.54 | 1518.60 | 2062.14 | 2650.58 | 0.03
‘} Y 93. 89 307. 67 626. 42 1035.14 | 1518.80 | 2062.29 | 2650.48 | 0.06
i Exp. 111.9 355.0 704. 2 1137 1635 2186 10)
H-2 112.2 354. 9 701. 8 1133 1634 2196 0.30
H-3 111.8 355. 4 704. 3 1136 1634 2188 0.08
Exp. 111.9 355.0 704. 2 1137 1635 2186 10)
W00 M2 | 1049 | 3430 | 6985 | 1146 1653 2174 3.0
BM-3 109. 6 353. 4 706. 6 1139. 6 1631. 4 2187.0 0.9
BM-4 111. 10 355. 32 705. 09 1135.94 | 1635.46 | 2185.93 0.30
Y 111.83 355. 19 704.13 1136.76 | 1635.27 | 2185.91 0.04
Exp. 108.7 348.5 699. 4 1140 1648 2206 10)
H-2 109. 1 348.7 696. 4 1133 1645 2223 0. 40
H-3 108. 5 349.4 699. 9 1138 1645 2210 0.18
Exp. 108.7 348.5 699. 4 1140 1648 2206 10)
YW 1202 ) Mo | 10407 | 340.82 | 695.68 | 1145.73 | 1659.74 | 219812 2.0
BM-3 107. 13 347. 63 701. 00 1141.37 | 1645.95 | 2206. 54 0.61
BM-4 108. 05 348. 78 700. 10 1139.16 | 1648.37 | 2205.94 0.25
Y 108. 60 348. 77 699. 38 1139.52 | 1648.50 | 2205.85 0. 06
DHEDHFOIEIR M e E AR > T BT &, +DI T +1) oo, (4)

THRHBERICE S INEDESEEZIEPL T E &N

WTOHEE LT, RO 4B %715 - 1.

STEROOBE I, 1) (E, A, B, C) 4-parameter *H/N_"Frk Tk
PERS e b olsticy, &A1 Soop™? i3 2- b B,

parameter THJEMEIEHD ARy b2 RLBETE 3 2) (E, 4, B) 3- ” )

L IRHEBRALNTVB L, 20BN ODOE 3 (Ey A, B, C) # (0%2%4%%6) ok 3,

BB B K 5725 AENE TS RE ORI E 49 (E, A B % (04,24, 4% ”

NPT DTHBER TN L.

2.2 BIEBELV 7 BEEBOEES

BIREIB XU ¥ RBOEEIICOWTIE, HELD
IEir oz DWEMW oM E2DH 5798, REERE
MR ERIT LB A F -2 0KB 2B EE L3
V. L LDPROENRE YOV AT TR
DbEHH Y, IT+D) law X I -TWHBCT &,
EHREBSBERRTOSDICENT LB EMNT - T
3. bbb il >0 THITE D L0 ETER

E,=E,+AI(I+1)+BI*(I+1)*+CI*(I+1)*

T TABLE 31CE L 5N TV A, HERIEE
WOEEWKHPLLLDLALLUTED, 3), 4) OFOD
LU bR 1 parameter TIIEDNAE YD L ~v
TELEDRVL, —HEVN_FiEic & 3 & 0l3, Dy,
POW, MHE TRRE A DA, G, Sm TRADbIE
V. REOCEATIE ADHEMBTOL R » StkMdIcd
DERELTNEN, ChIROVTIR21THLELZES
KTV RVTRDI: ADFERAT E3<&%THAS.

Y REOMEIEAICH LTI, K=2, I=2% 3* 4%,5%
------ IR L TRABEB SN B,

R B C & AR AT E;=E,+AI(I+1)+BEI+1)*+CI* (I +1)%+---
B B EEHR ICX LTk, K=0 T I=0% 2%, 4%, +(=DII-DIT+DT+2)(B+CI
6, veene W LT A4+ (5)

B, C, 280TE K=2 & K=-20FHHh 5 <
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TasLe 3 Experimental values of the terms E,, A, B and C analyzed by four different approximations of the
usual rotational energy expansion for p-vibrational band. Imsx of the third column mean the ma-
ximum spin values of the band members observed. In the fourth column 4-IL s.f. and 3-Is. f.
represent values of four- and three-parameter least square {its; (0%, 2+, 4*, 6*) means that the four
parameters are determined by 0%, 2+, 4* and 6* levels, and (0%, 2+, 4*) has the similar meaning.

(keV)
Nucleus N Imax Method Ref.
E, A B C
4-1.s. 1. 991. 4 15.6 —0. 066 3.3x10°¢
156)y 92 8 3-ls. 1. 993.9 14.7 —-0.031L 14)
0+, 2%, 4%, 6+ 991 15.8 —0.088 7.0x107*
0+, 2+, 4* 991 15. 8 —0.070
4-1. s. 1. 690. 1 19.6 —0.094 3.8x107*
. % 10 3-1sf. 7018 | 171 | —0.03L 20
0%, 2+, 4%, 6% 681 25.0 —0.45 5. 7x10™¢
0+, 2+, 4% 681 24.3 —-0.30
4-1.s. 1. 692.0 18.3 —0.101 4,6x107¢
515 % 10 3-Ls f. 7149 | 145 | —0.015 20
0+, 2+, 4%, 6% 683 23.6 —0.44 5.7x10°3
0*, 2%, 4% 683 22.9 —0.29
4-L s. 1. 907. 3 17.1 —0.039 1.5x10*
ssoyy 106 10 3-ls.f. 912. 1 16.1 —0.014 14)
0%, 2+, 4+, 6% 908 16. 8 —0.026 —1.2x10"%
0+, 2+, 4* 908 16.8 —0. 026
4-1.s.f. 827.4 12.0 —0.011 4.6x10°¢
- 102 " 3Lls.f. 827.6 | 119 | —o.011 14
0%, 2+, 4%, 6+ 827 12.1 —0.014 —1.2x10°%
0%, 2+, 4+ 827 12.1 —0.014

TABLE 4 An analysis of rotational energy spectra of Y-vibrational band. Values of E,, A, B, C, and B, analyzed
by three different methods, are tabulated. In the fourth column the open and the solid circles mean
values of four-parameter least square fit by equation (6) and (7) in the text, respectively. X symbols
mean those of three-parameter fit by equation (7).

(keV)
Nucleus N I'max | Method Ref.
E, A B C B,

O 634.7 23.2 —0.062 —4,7%x107®

1860 110 7 o 619. 4 25.8 —0.18 1.4x103 21)
X 640. 4 22.5 —0.048
O 738.9 15.2 —0.013 3.2x10*

180\ 106 8 o 732.9 16.1 —0.039 2.3x10* 14)
X 739. 4 15.2 —-0.012
O 902. 2 14.2 —0.030 —1.8x%x10°3

168Yh 98 6 o 904. 3 13.8 —0.0061 {—2.9x10* 14)
X 900. 5 14.5 —0.036
O 771. 6 14.6 —0.015 —1.9x10°¢

164y 96 8 () 771. 2 14.6 —0.015 |-5.7x10-° 14)
X 771.3 14.6 —0.016
O 855. 4 15.7 —0.019 2.3x10-*

18Dy 92 8 o 850.0 16.4 —0.042 2.1x107* 14)
X 855. 7 15.7 —0.018
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5. Bz BE, Coi C LEHOREBTIREL order
Il d., 22Tl B OBNEDREETESHRZR -
T p%EFzy 7T BERED - T, KD 3IBYHDIE
BT OO TR ETTIE - 2.

E;=E,+AI(I+1)+ BI*(I+1)*

+ B, (=DII-DII+D)I+2), (6)
E,=E,+AI(I+1)+ BI*(I+1)*

+CII+1)3, (7
E,=E,+AI(I+1)+BI*(I+1)". (8)

(6), (7), (8) NEMWI-B/NE B & 2EMHIZ
WTFNLEREARSADLEDTEMNTES. TABLE 4
i 5 DORKIC DV THR/N R TR DRI T £
TL7. Z0O, @ BXUXNENEN(E), (7)), (8)
ICxtihd %, Fig. 4 jcid *0s & **Dy DT, i
HWEDOFERMEIcd 2 percentage deviation 24 I
AV DWDTHR LT

—KOBERIOTHOEA%E s THIEWICRL, &
DEBETHZ. LItBsTINLDHREP ST TR

(6) RYFICRNENS T LI TEI. TABLE 4 T
Bohak5ic, B, it B iclk_TIRBE0IC/NEL.
B, #4813, —Fkx1r 0s 0 1752keV L ~uv
wxt L l4keV BEFE0HLS T, ™Er, Dy it 5&
8 L ~LTH 1keV PITFOESICHER.

ARVTNhOFETHIRIZSE LWL, BoOffi: (6),
(8) RckBb0iFFFFELL, (7)) ATHLALBO
B—igic (6), (8) REVELNABDXUDIEVIE
WMEAERT

RBIC B Y REREEETO A, B ZRERTO SO

L LS. TABLE 5 [ Tasle 3, TABLE 4 [TRX i
7K LT, BEEEET O 4-parameter i/ Ik

T A B 13 EERLIEbDTH L. "Dy k20T
iz, Ag~16.7, As~15.6, A,~15.7, By~—0.05 By
~—0.07, B,=-0.02((6) c L NiL), B,=-0.04

8 FiiEipigickd HE-BROKHAERHRED Y AF=F 1 7 X
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An analysis of experimental energy spectra of
7Y-vibrational band. Percentage deviations of cal-
culated level energies at each spin state are
illustrated for !*Os and %Dy nuclei. The
notations follow those of TABLE 5.

W) Ricxhud) ©H3. AL W T3, A~
17.4, A;~17, A,~15—16, B,~—0.03, By=—0.04,
B,~—0.01 ((6) Rickhid), B=—-0.04 ((7) &K
k) Thb. chohd, HEEED B ik
WGEWEEE - T3 e, Bizo0Tid, (7) &
k26D MOEER O b O K ENEERD, B,

TABLE 5 An analysis of empirical spectra of ground state rotational band. Values of A, B, C and D are
determined by four-parameter least square fit of the usual rotational energy expansion.

Nucleus N Tmax A B C D Agreement Ref.
174Hf 102 10 15.3 —0.019 | 1l.4x10°° 3.7x1077 good 14)
12 15.1 —0.027 | 1.6x10™* | —5.2x1077 ” 17)

1¥Gd 90 10 21.0 —~0.15 1.4x10°3 —5.7x10°® ” 20)
12 20.5 -0.11 7.5x107¢ | —2.1x10"® | not so good 17)

1528m 90 10 21.0 -0.15 1.5%x10"3 —5.8x10°¢ good 17)
12 20.3 —0.11 7.1x107* —1.9x10°® not so good 20)

180\ 106 10 17. 4 —0.027 | 5.0%x10°® 2.3x1077 good 14)
158Dy 92 10 16.7 —0.048 | 2.8x10°* —2.8x1077 ” 16)
186Q0g 110 10 23.2 —0.087 | 7.3x10°* —2.9x10-¢ ” 19)
168Yh 98 10 14.8 —-0.021| 3.5x10°® 1. 8x1077 ” 14)
12 14.6 —0.021| 9.0x10-® —2.9x1077 ” 17)

164Ky 96 10 15.4 —0.026 | 1.4x10* —3.6x1077 ” 17)
10 15.3 —-0.018 | 9.8x10°° 3.4x10°7 ” 14)
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9. Nuclear Structure Study of the Even
Sm Isotopes from the (p,t) Reaction

Y. IsH1zAKI*, K. SASAKI**, and Y. YOSHIDA*

For the purpose of investigation on the properties of nuclei which lie in so-
called the transition region, **%'5%154Sm(p, t) reactions have been studied by IsHI-
ZAKI et al. using 55 MeV proton beam and a broad range magnetic analyzer with
the energy resolution of about 100 keV. The energy spectra and the angular
distributions were measured. The (t, p) reactions led to the same final states as
those obtained in the above measurements were also studied by Aldermaston
and Copenhagen Group. In the first stage in this note, the results obtained by
the (p, t)reactions are shown and compared with the results obtained by the
(t, p) reactions. Next, the properties of the energy levels of '*Sm are discussed
from the experimental data of the 7 transitions given by SMITHER et al. in
comparison with the results of the (t, p) and (p, t) measurements.

Sm(n, 7)'0Sm OEBRTF— 2 —FLEb, T EEO
HRDSEEOBEENTL, (B O, (6 p) KIEOE
BRSO T O 19 B LA 830 & ol L.

JIFHDUNHWYW % transition region iz 31} B AER

I SERICEAEHEE, choOBOWEELLb~3
fedit, Moy vy sadss7a boy i o 55 MeV
DT, magnetic analyzer % T

190,152, 1545 (p, £) 148180, 152G

FUBDERETIZD, ZHO5DRBETO T 3 vF—
A7 b7 AEMEMEAETE L. O analyzer @
MRBEITLMEIR TR 60keV TH B A, T Tty 100
keV TOREMNE IR COESDIR EICFEMAT
D triton Dz x v ¥F —BEICEBHDTH 5.

et Aldermaston & Copenhagen #° v — 72 it &
D, E,=12MeV T®D (t, p) KK O K5 H F HiRkoD
Sm 74 Y =IOV TIiTRbhiz.

CO/NRTI (P ©) FUBOEBRERZRL, KOT,
[ U#IRELZE CBRETO (pt) & (4, p) RIEEDH
ROHBRZTIEY, 28T pick up BX U stripping
BRI Z Lo, 2h & O BOEMO®EABRE L
7o B oI, BIOL B SENOWEZ BT 5709,
SMITHER, GROSHEV, BIEBER &iCk - TiTi bt

2. (pt) RIEOERIER

21 ITRIFE— - ZRZPI

#'Sm (p, t), ***Sm (p, t), **Sm (p, t) KiEIL BT 3
triton O T A NVF—eZRY vk, FHFEN Fig. 1,2,3
e

TCTRONICARY PV OBMIKT C &2 TiCE
T 5. WEFOKZXICHOOTOLITOHRIT Fig.s
=bBHEOCT L)

(a) ™Sm(p, )'*Sm [ HBNTIE, **Sm DHER
B2 W E RS, TOMBRE~BTT 32 I
NTHICREREEZED. LELEMS, X0EVEHRE
REICH 2 4.07TMeV (0Y) ~OWimrEid, MEEgs%
ZHINVTHEL TS, BERE~OKTLEDKLID A
EX%bDB, TRRZOAMHFEDRRY 5 Aiclh~FEH
IRl SN, OB FTR T a0+ —
EAICHIE T 2 €~ 2RBIE-% D L I3ERIhEH» -
fz.
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Fig. 1. Spectrum of t particles observed at 10° from the *°Sm(p, t)***Sm
reaction at 55 MeV incident proton energy.
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Fig. 2. Spectrum of t particles observed at 5° from the **Sm (p, t)'**Sm
reaction at 55 MeV incident proton energy.
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Fig. 3. Spectrum of t particles observed at 5° from the *Sm (p, t) **Sm

reaction at 55 MeV incident proton energy.
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The angular distributions for the **Sm (p,t)
148Sm reaction leading to the various states
of 8Sm observed at 55 MeV incident proton
energy.



50 PEEOEVEZRE

I!?sm(p")liosm
0 Ep » 55"
10r 303M\ IOW"
(2% \*
a0}
|
20 .
o] 4
or I
20
30t 03
o 05
10} o5\MeY o+ 101
3 5
3 ! Jo3
< 50
g 101!
8 02
10 o
jo2
a o1
|o- ] |
100 "’A\x
i
gnd |
04
10F
g: (o]
8 '
5
ol } o1
1

0 16 20 30 a0, 0 & ™

Fig. 5. The angular distributions for the '32Sm
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states of ¥*Sm observed at 55 MeV inci-
dent proton energy.
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Fig. 6. The angular distributions for the !*Sm
(p, t) "**Sm reaction leading to the various
states of '2Sm observed at 55 MeV inci-

dent proton energy.
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— (t,p) (Aldermaston and copenhagen group E,=
12MeV)(0"~180") Integrated cross section -
20 0 100 200uxb
T
20p1b 0 100zb 0 100xb 0 100ub
&04(22 T T T
—
2.92(01)]
230(0%)
—
1.97(0%) .
At pnd 177(2%)
1.76 « —
. EVHE
142(24) < b1
126(01)ed) 1o ony 129027 | 102(0%
105(2H 117 ma(q*)«'m,(w) P Liz{o*) plo7(0%) .
075(0%) | 081(2Y)ep
oatia" 06900 )T
ME 0374%) | o09(2t
end(0%) gnd(0Y) «—p0.12(2%) |, &nd(0%) [..007 2
r— T T T Fr—agnd(0t)
20ub  100x1b 200ub 20ub 100ub 100ub 100ub
150G 12 4Gy g

Summary of (t, p) and (p, t) data for the isotopes of samarium,
The (t, p) data are from the results of Aldermaston and the Copen-

hagen group and from the summary by Hinrz.
shows the integrated cross section.

The arrow length
In the case of the (p,t) rea-

ction, it means the absolute value (obtained in this experiment).
For the (t, p) reaction, an arbitrary unit is used, but for any one
target, the unit is common.
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Fig. 9 Level scheme of '5°Sm.
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TaBLE 1 The experimental data and theoretical values of the decay in the '®*Sm
# : No. of transition in Fig. 9
Ii"~Iy" : spin and parity of initial and final state ef transition
E : transition energy in keV
I; : number of ¥ rays per 100 neutron captures
Ik : number of K conversion electrons per 100 neutron captures
d gexp, © IK/IT
agtheo : theoretical converson coeff. from Sliv & Band (Z=62)
assuming the multipolarity in the last column
W, (s.p.) : Weisskopf units in single particle 7 transition (sec™)
Weg(s.p.) : Wi(s.p)ag theo. (L=1), from Church & Weneser (EO), p?=1 (see™!)
I, (ratio) : (I;/1;0)/(W; (s.p.)/Wio (s.9.)) : normalized ¥ branching ratio
Ix(ratio) : (Ix/Igo)/Wex(s..)/Wexo(s.p.)) : normalized conv. branching ratio
Multipolarity : Multipolarity of transition used in calculating axtheo. and Weg(s.p.)
¢ | IroIf | E I, Ix | Brexp | axme |W;(S.P)\Wex(S.P)| I, (ratio) | Ix(ratio) f‘fr‘;gjp‘*
740. 43 keV 0,*
@ | 0,t—2* 406. 49 0. 41 0.0092 | 0.022 1.8x10-% 6x108 9x 108 5 E 2
®@ —0t 740 0.012 5.4x107 1 EQ
1046. 13 keV 2.+
@ | 2it—4r 272.82 0. 098 0.0036 | 0.030 | 6.4x1072 8x107 | 4.7x108 1.8 1.2 E 2
@ —0,* 306. 68 0. 104 0. 004 0.041 | 4.2x107%| 1.5%x10® | 6.3x10° 1 1 E 2
® —2* 712.23 3.07 0. 036 0.008 | 4.6x10°%| 1.1x10'| 4,7x10? 0.4 1.2x10°', E 2
® —0* | 1046 1.77 0. 003 0.0012 | 2.5x10°%| 8x10% 1x10® | 3.2x107%| 4.4%x10°%| E 2
1071. 39 keV 3~
@ | 3 —4r 298. 06 0. 50 0.0084 | 0.013 | 1.3x107%| 9.6x10'* | 1.2x 10! 1 1 E1l
—2* 737.47 6. 56 0. 020 0.002 | 1.6x10°% 1.4x10'| 1. 8x 10 0.9 1.4 E 1
1165, 57 keV 2,*
@ | 2,v—4+ 392. 45 0. 0088 2x10-2 5x10% | 1.1x10? 6x10? E 2
© —0,* 425. 10 0. 020 1.6x10°2| 7.5x10% | 1.3x107 1 E 2
@ —2% 831. 28 0.77 0.0044 | 0.0031 | 3.2x1073} 2.3x10% | 7.5x107 14 1 E2(+M1)
@ —0t 1165.1 0. 89 0.0018 | 0.0011 | 1.5x107%| 1.2x 10" | 2.0x10® 3x10? 1x10-! E 2
1193. 83 keV 23*
@ | 2—2*t 147.73 0. 0018 3.8x107!} 3.5x10% | 1.4x10¢ 10? E 2
@ —4* 420, 48 0.016 1.6x1072} 7.3x10% | 1.3x107 0.4 E 2
® —0,* 453, 40 0. 050 1-3x107%} 1.0x10° | 1.5x 107 1 E 2
@® —2* 859, 28 1. 03 0.0066 | 0.0059 | 3.0x1073| 2.7x10" 8x 107 7.7 4 E2(+E0)
@ —0Q* 1193.1 1.21 0.0046 | 0.0023 | 1.5x10-%| 1.3x10"| 2.2x10® | 1.7x10! 1 E 2
1255, 64 keV 0.*
@ 0,%—2,* 209. 36 0. 0048 0.12 2.3x107 3x 108 1 (750) E 2
© —0,* 515 0. 0086 0. 002 2x 101 1 EO0
@ —2% 921.17 0.32 0. 0012 {0' 004 0. 002 3.9x 10" 1x108 1/25 30 E 2
@ —0t | 1256 0. 0013 : 2x 10" 1/70 EO0
1278. 78 keV 3+
@ | 3t -4t 505. 44 6. 58 0. 098 0.015 | 1.0x107%| 1.8x10° | 1.9x107 1 1 E2(+M1)
@ —2* 945. 18 0.29 0. 008 0.0015 | 2.4x107%| 4.4x10" | 1.1x10* | 1.7x10°3| 1.5x10"? E 2
1357.55 keV 3,
@ | 3,3 78.76 0. 022 4.7x107 1.6x 10} 7. 5x 10" 1.2 E1
) —3- 286. 28 0.031 0.0040 | 0.13 5.2x107%1 1.0x10® | 5.3x10° | 3.5x10* | 4.5x10* E 2
) —4* 584, 24 6. 05 0. 026 0.0042 | 2.7x 10" 7x10"| 1.6x10" 1 1 E 1
@ —2+ | 1022.9 0.16 0.0017 | 0.0036 | 8.5%x107*| 3.7x10' | 2.2x 10 6x107* 5x107? E 1
1417. 29 keV 2.+
@) | 2,t—2* 223.51 0.0087 | 0.01 0. 61 1x10! 3x107 | 2.3x10° 1 1 E2(+EQ0)
) —3- 345.93 0.50 0. 006 0.010 | 8.2x107%| 1.3x10"| 1.3x10* 1x10-°® 1x10- E1
h) —2,* 371. 14 0. 089 0.018 0.18 2.4%x10°2 4x10®8 1x107 | 7.5%x10"! 4x10Y|E2(+E0)
@ —2+ | 1082.6 0.35 0.0032 | 0.0055 | 1.8x107%| 8x10'| 1.7x10® | 5.5x107"| 4x10'|E2(+E0)
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$ | Ii'>If E I, Ik akexp | @Kiheo |Wi(S. P.)Wex(S.P) I,(ratio) | Ix(ratio) Il‘fr‘i‘lgp"'
1449, 11 keV 4,+
® |4*-2+ | 255.34 | 0.021 | 0.0072| 0.3¢ |7 1%10-2| 58107 | 42108 1/4 0.9 E2
& | 2t | 283.93 | 0.016 | 0.0040 | 0.25 |5.2x102 1x10° | 5.2x10° | 100 0. 04 E2
@ 35 | 37774 | 0.06 7.5%107| 1.9% 10| 1.3x10" | 2.5x10-¢ £l
® | 2% | 40297 | 0.89 | 0.023 | 0025 | 1.9x10-% 5 5x10° | L 2x107 1 I
® | —4* | 67577 | 199 | 0044 | 0023 |52x10°  8x10° | 44x10° | 177 0.53 A
® | -2t |1148 | 0058 L7x10° 1x10"| 18x10° | 4x10-* .
1504, 48 keV 3,*
® [3.-3 | 22534 | 0.00a1| 00098 | 24 | 11x104|3 1x10" | 3.3x10° | 25 |28x10 | E2
® | 52 | 31073 | 0.066 | 0.0032| 0,036 |40x10-? 16x10° | 6.5 10° 8 48 E 2
@ | —2¢ | 45817 | 0.21 |4.6x10-° 0,010 | 14x10| 11x10° | 1.6 107 1 3:10| E 2
g —4+ | 73131 | 0.69 | 0.0054| 00040 |4 2x10-*| 1.3 10| 5 2x 107 1 1 E 2
-2+ (11702 | 207 | 00052 | 0.0018 | 1.5x10%| 1.2x10" | 2 1x10° | 3.3%10-1| 2.5%10-1| E2+ M1

1642. 55 keV 4,*

0. 001 0. 0005 -

| 4ts30 138,05 0.5 4.7x107 2.4%10° | 1.2x10° | 3 | 0.14 E 2
@ | —4* 19346 | 0.007 | 0.0048  0.69 1.7x107'| 1.4x10° | 25x10° . 3.5 . 0.64 E 2
@ -2 | 22534 | 0.004 = 0.0098 . 245 1 1x10" 3x107 | 3.3x10° TS| E 2
@ —3" | 28501 | 0.12 | 0.004 : 0.033 | 15x10-* 84x10® 12x10%, 10° |11x10® E 1
@ —2*  448.68 | 0.10 | 00052 0.0052 13x10-* 1x10°|L5x10° | 7.5x10" L1x10" E 2
@ | o2t | 476.94 | 0.048 ; 11.2x107% 1.4x10° | 1.7x107 | 2. 510 E?2
@ | —3 1 57.21 ‘ 0.27 | ; | 2.8x107% 6.6x10" |  6x10 ' 3x10-° E1
® | —2* | 59.34 | 0029 | 00058, 0.2 7.8x107°| 3,3x10° | 2.7x107 ' 7x10-2 7x10% E 2
@ | —4* | 869.21 | 130 | 0.0084  0.0071 | 2.9x10-*| 3x10"| 8 6x107 | 3.2x10" 3x10- 2E2(+0E)
® | —2r 1301 | 0,50 \ 0.0014 | 0.003 | 1.2x107%| 2.2x10" | 2.7x10° L6x10 17><103
(B) ey MMV 0 BERER LT3 TE B D 03 #H
4, e 1449 MPH BT EERIH, hMBELFHIE Fig. 10 IR
L7z family (A), (B) ofhiczcd 0, #HEL T3 H
I—DOOEEEMND family BEALTELEZHTH
%. SMITHER 5 DEER»H LB O ENERICL 2 &,
2, e 1046 T ORBRHHEN S U & b DICHIEL 5 % #6712 0,7, 2,7,
(A) 1LY THAS. Mg sidch o lidbic 04,2, 44, ...
(keV) OYENDBE KRB EINTE LT, FhlNTERBEL
4 ¥ ——e— 773 R ——— L ERLTHWEE T T B(E2) bRELIBTHHD
»5 SMITHER 5Dk S HERERTEEAB ShTY
THEEEHITHD. T o 0,5 2,4, 4, 1
20 family EEZ TIODE I, TH S D
¥ s34 SHELTHE S |
1(4,*>2,*)/1(4,*—2%) =60 (7)
I1(4,*>2,%)/1(4,*-2,*)=14 (8)
ot ———0 I(4z+_’24+)/1(4z+‘_’22+) =4 D)
Fig. 10 (A)- and (B)-band families in '**Sm. 14,27 /I(4,*—>2M) =1 10
14,5 -2,%)/1(4,*—2,*) =10 (3) T@I=2 0 2 1@ ~ 1272 I
T(4,5—2,9) /I(4,*—2,*) =4 (4) (7), (8) RoB&E» 51 0.5 2% 4% 2120
(o I Taete 1 ioBd 2 I, () 2Eh3) family &t &2 XX 3icA O B H, (9), 10), (11)
(i) BT ¥ — Ol RROTMINS 5 L. APHRBCNEFET 2L 5KBEDNL. OIS
(E@4*) — E(0%))/(E2*) — E(0%)) DI LIS IERE S8, — o family @#ERL
=773/334~7/3 (5) kIl 2 D> family TOMARRICHAIUINE
(E@,*~E@©,))/(E@"~E®©,") %,
=709/306~7/3 (6) (E4.")—-E0,")])/(E@2*)—E0,"))]
BMEILCBNT, &,p) BLU (B 1) }im\@iﬁﬁ#%m =387/162~7/3 12)

5, Sm DEERIED 1T BRERIEIC & » T b, EWRSTHEN T A LVFE —DHI family (A), (B) 0%
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NEBRBL ML NBEA LRI E-HKLTHS. L
fedaThblLahdl o0 family ELTHTH 0,7 H»
LERIC X AN ENBET 2LV SDIRBETHA
5. Zhik b O SmdKEREDRE THEILDOE
BoThWT, ThMBAUX DI 3D family 1Bt
MELTOLEEZLIBEODTREND. 2L TS
EFTO (pt) © & p) FICOEBREROBIRIID LKL
DT BEIOOTRIEONERDNB.

1528m | DUVT {3 SMITHER #HD ¥'Sm (B3 2%
BOXSBREFT— 2 —0BE00T, *Sm e LT
Bl dBBRBTEHLOORBEETH 5.

X m

1> Ismizaki Y., San Y., IsmimaTsu T., Yact K., YosHipa

2)

)
D))
5)

6)

D

(p,) RIGR K BIEH =) IATAY b—FDEH 55

Y., Huang C. H., MatoBa M. and Nakajima Y.: An-
nual Report of Institute for Nuclear Study Univ. of
Tokyo, 31 (1966) and to be published.

Hinos S., BJERREGAARD J. H., HaNseEN O., and NATHAN
O. : Phys. Lett., 14 48 (1965) ; Bjerrecaarp J. H,,
Hansen O. and NatHaN O.: Nucl. Phys., 86 145
(1966)

MaxweLL J. R, REyNoLDps G. M. and Hintz N. M., :
Phys. Rev., 151 1000 (1966)

YosHipa S.: Nucl. Phys., 33 685 (1962)

SmiTHER R. K.: Phys. Rev., 150, 964 (1966)

GrosHev L. V., Demibov A. M, Ivanov V. A. and
LuTtsenNko V. N.: Nucl. Phys., 43 669 (1963)

Bieeer E, Ecipy T. V. and Schurt O. V. B.: Ze:t.
Phys., 170 465 (1962)
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10. Single-Phonon 4+ State in Spherical Nuclei

Masaniro Koike*

Vibrational states in medium weight, doubly even nuclei were investigated
with inelastic scattering of protons. The states strongly excited by the 2*pole
transition were observed. The angular distributions for these states were analysed
on the basis of the distorted wave Born approximation (DWBA). The first order
collective excitation was assumed for the interaction. Optical model parameters
were adjusted to reproduce the angular distribution for the elastic scattering. The
reduced transition ratio B(El)/B,, was extracted.

1. Introduction

BRI B % single phonon state (JEmipE#EL
Coulomb excitation i€ k D { excite Sh 3. ¥5bb
BeEroBoN 2 ERMEED energy spectrum %
A5 &, first 2% state B LW 2MeV FETick 3 3-
state 23ftiD state ICHELTEL (L d obhTK
5. thoRECABNTVD L SIC, KEED quad-
rupole 35 X U8 octupole vibration |z X ) 44 2 state
H5LEEBINTNS. £/ Coulomb excitation DEER
5, THHD state @ spin-parity & [§]/H;IC transition
probability & fliE & hTH D, ¢ 1v% single particle unit
EHBLTHBE, quadrupole 35 k5 octupole vibra-
tional state T& 4 20~50 35 & 0% 10~20 F2[¥ enhance
INTH3B.

—H, Bl direct reaction OERHIFNTHIE L
L, Distorted Wave Born Approximation (DWBA)
WKk BEETY, MAESHFS transition probability #
PRORIt TEE2K 512D, cnbD#EIF Cou-
lomb excitation 9T #E @ data & consistent T
5. 1272, DWBA it 317 28 E/ERZ first-order @
collective excitation Z{FE L T 3.

ZOWNTIE 15MeV B 55MeV [T IEmik
WEOEE S DWBA THIFL, Licdi~i 3 state
D TP & 3 hexadecapole (2*-pole) vibration o

BIECONTHRT 5. 2OX S 4 state I DITIL,
2t BXU 3 state DBA LA, Btz vibrational
model 2 5kdDC EosEZEIN 3.

1) JEmM:EFE. O energy spectrum T BIVTIT first
2% state D 3ED L T ATk { excite X 7- peak 3
Highs.

2) ZOAKESIR collective direct excitation % (g
L7 I=4DWBA Tk {HEH xR 3.

3) %o transition probability it single-particle unit
ICHE LT, #%<{ enhance Xh T\ 3.

2. Vibrational Model & Energy Level

Bifli#s vibrational model Tz KR E
TOEERE R() % spherical harmonics TREL,

R =R+ 5 a%, OY ¥, () (1
Erk, ZOREAEART 2 Hamiltonian |3
—s(Llgi, 21 2
H= 2y Bl aim |+ 5 Cil an?) (2)

THAZON3Y. AEFE ! ICHIET % energy (T Ao, =
hJC,/B, THA. B, BLU C, (3# 857 Harmo-
nic oscillator ¢ Hamiltonian & O iEH 5, &4 BE
BRUELID R S O BEICHIET 3. T 50
1 C OEMEEETICERE & Nl B CAK prime £

BTERRINDINETH LM, CORXTIIEITREEE
RAEGEZHREEBIETHS ).

* BWF Institute for Nuclear Study, University of Tokyo
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parameter |3 hydrodynamical model 1 ki iE
(B)wa=I"1-2 AMR;: (3)
4

(COhya=(I—-1)(I+2)Rz2S
_ 2
THEbEIN B SIRETFHKOD surface energy, R, ld#
¥ix, AM RETFHOERTH 5.

Ni-isotope |C%43 % CRANNEL et al® OEFHID
EERTESN B O (B)w TR T I=2 kX
U3 DEALDNT, VI bIEFICKE S (2045
FE) O A T3 hydrodynamical model (2523 0 B <
13>, L, phonon @ energy ho, H31 Off&dtic
HEIC ED L DICELL T A B REKDEE R %255
DIiTHABERKD. Tbb (3) BLU (4) X
&0

v —pn] Co [ Am LA—1)(I+2) 7

L U N 'Y 7) - % J (2
ThiHhIO

by (U -1 +2) T

o, _[ 0=+ J (6)

LB, 7221 LC T (Cua OF 2Tz Coulomb 7
KOskt 3T Z=50, A=100:0: 0D TH 5MeV
BET, C OECENRTNIVOTEEREL: (=20
BAaTH C i3 100MeV #HEF). (6) ApS0ANA
7545 E# & % & D single-phonon state %4843 &
MBTxB. fHizid

ho, =3.0, fos

fw, @3

=2.16

hws(57)=216Aw,

hw,(4 )=3%w,
hw, (37)

2hw, (0%, 2%, 47)

hw27)

0"

Fig. 1 Simple structure of vibrational band

¥ D s B bLic &k B EE 57

L1, first 2% state O 3450 & T AIT 2'-pole vibra-
tion ¢ & % single phonon 4+ state Ml B &
Ic13 5.

Single-phonon 5~ state [ DWW C bRk TH 5. Fig.
1 2z & vibrational band 2% &L TH L.

3. BEFHFiEE Energy Spectrum

FENCBWTHE Sz target {04 & enriched
isotope T ¢°Ni, "'°Cd, 2Cd, !‘Cd, '**Cd, !**Sn, *°Sn
THDH UTKEBROZHEZMBEICEEDHTE L.

1) ®Ni (p,p’), E,=55MeV*, INS synchrocyclotron
fEH. Beam analyser {ZfFI L T 121 A5,
beam D energy (&3, WRIWEBHZZEEL TS 0.5%
PITF & H#E X415, Scattered particle |3 53478559 1% @
broad range magnetic spectrometer T energy %A 4T
L, detector & LTl 40 ;81> proportional counter® %
Z @ focal plane [-1C~TC electronics 7 U THIE
U7 f4BE434i 13 sliding membrane @ DU 7z scattering
chamber TEZEXRZC &73L 2.5°~5.0° & 90°
¥ T spectrometer DA PZTIE L. G5
spectrum D4MEEEIT, peak DN {E 1E T ¥ 500 keV T
»H5b.

2) 1:Cd, ''*Sn, *°Sn, (p, p’), E,=15MeV, INS
cyclotron . Cyclotron 7» 5 @ 15 MeV proton beam
%% 0.19% 1T set X fz beam analysing magnet %
BLTHHF LIz, Scattered particle 2R 1< 0.1% @
broad range magnetic spectrometer THr#ff &1L, €D
detector 1230 2. 5mm, X 8mm DFMAID solid
state detector % 250 {f| focal plane | icf~, £ D
signal |3 diod matrix ZHiC TMC-1024 =7 4 F
v VA VICTEHENE L, paper tape 23 T print out
L7:z%. Scattering chamber [3FjiC &R @ sliding
membrane FXTH 5. 135417 spectrum (3, FfEHIR
% 40keV RETH 5.

3) ueCd, 4Cd, '*Cd (p, p’), E,=55MeV. /i
B3y 50 keV 0 beam analysing magnet %38 L 7z beam
= 200 ;# proportional counter % #&4# L 7z broad range
magnetic spectrometer” A {FEF L7-. 1§57 spect-
rum OY{HEIEITHK 100keV TH 5. Datanizit Ui 2)
@ electronics (T L B %N AT, FHEIC core memory
Iy A paper tape %3 L TiedHi L.

Fig. 2 (a)~ () IKREN T 5 energy spectrum {3
bhbhOEREHEDOERTRON LD TH 5.
“Ni o 1.3MeV, '°Cd ¢ 0.66 MeV, ':Cd ¢ 0.60
MeV, "Cd » 0.56 MeV, '"*Cd @ 0.52MeV BL T
11680 o 1.285MeV states |2V F B ->TML
excite SN THBY, ZOHEAFIZ =2 DWBA curve
XA D BEAHIKOPVTREBTIEL {HRT 5).

incident



58 TEZEOEBEVLHERRS

SPECTRUM OF PROTONS FROM

O
®ONilp, pIONI

2
1000} 4
= !
_?_ L Ep= 55 MeV H -
£ 8 =58° 1 |
w B P37 1
= 0
g | w2
2 N ]
> _
2 - - 4
2
Q
(8]

500

JAERI 1158
114 s\ 14 “
Cd(p,p’)**Cd -
30001 § T
Ep= 55.16 MeV ©
o 33
o 6 =35 € c
EY Pa
" -
E 2000}~ . - S N
L F ] Led P
E - i °
[o] LR s
o SN s
F ¥ 22 wk
10004 F ﬁ [ o —
LA B
146 148 150 152 ~
[
164%  12p% J
(o] C coO
ST, W Y
1 1 4 L 1
80 S0 100 110 120 130 140 150 160 (70 180

COUNTER NUMBER

Fig. 2 (d) Energy spectrum of protons scattered

40
NUMBER OF COUNTER
Fig. 2 (&) Energy spectrum of protons scattered
from ®Ni (in ref. 4)
10cg MOy ™ g
Cdlp.p’) 21 2 4
s Ep=55.03Mev AR
o
o 935" gl %
=5 PI
> -

1000} - .
z £33 s
3 - 0
8 258

saog
500}~ P‘l Ps P2 i
IGC; IZC
\Vw;ﬁ-'uv.\r":.nwo-. / b v ]n', i
90 100 10 120 130 140 150 160 170 180 190

COUNTER NUMBER

Fig. 2 (b) Energy spectrum of protons scattered from*!*Cd

”2Cd(p,ﬁ)”2Cd
(8]
a
)
]
S
d Ep=14.702 MeV
z < . o
§ T § g €, =50
500}~ | l -
! k%
) oyl ¢
L™ I age |5 BESREE :
el N NN NN . LS
I i TR .
) P . Tﬁ/\rf.\‘\ﬂ«- +"4’1.\“' A/\@/Y'“A-‘JM_*},\W.«
50 100 150

COUNTER NUMBER

Fig. 2 (¢) Energy spectrum of protons scattered from '**Cd

from MCd
*Q
16 (116 Y
1500 |- Cd(p,p’) "Cd 3 .
. a2, O
Ep=54.95 =
2 0 =30° 3o ee
Q zZ 3 ©
o 1000 - by g =~
s a5 Fo
8 P, q o) |
o Az *50
AR
500 |- K3 2 .
. L3
fi:ﬁf‘Anﬁyhriﬁv"fﬁvﬁFUHNTﬁL L - 1

60 70 80 90 100 (IO 120 130 140 150 i6
COUNTER NUMBER

Fig. 2 (e¢) Energy spectrum of protons scattered

from '°Cd
" ,
g Sn 6(p’p)sn|16
(&
27T Ep=14.694 MeV i
2L 0 6 =60 4
2 8
o L
(&) o T
&
500} ° & -
| |
L ' o ' i
N i « : i
100 I e N o
_ /\ ‘ l i |
T f L "/\1\-.»-\ s A‘ o
1 H i 1 1 1 ) 1 1 b)
50 10c

COUNTER NUMBER

Fig. 2 (f) Energy spectrum of protons scattered
from 1%Sn

KiCH < excite SN T ZDiF “Ni © 4.2MeV, 1°Cd
@ 2.08MeV, '*Cd o 1.964MeV, *Cd o 1. 95MeV,
15Cd > 1.90 MeV, 5Sn o 2. 270 MeV states @, & D
AEMHROTHS I=3 DWBA curve L k(& 5. ¢
N 5 D states {33~ T Coulomb excitation, FEm:EE,
H B it systematics &5, £ 4 quadrupole B X
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octupole vibrational states & LT3 TICHEINTH
LHEIMTH D, LD 250 peak DRfici HW B quad-
rupole two phonon states Asind /i excite XL T
A7, DI TIE two phonon state iIC DN TIT LN
W 72 7E%tiGd A single phonon state TR L TEHFL
{ peak AUNINC EKFEELTE L.

X 5IC excitation D EOEIR, 9175 B hexadecapole
excitation | Y4 A48 TIT *°Ni o 5.1 MeV, “Cd
D 2.39MeV,*Cd » 2.33MeV B X FSn 2. 814
MeV peak #SEE 37~ T W 3. T4 & D peak DFEEST
FiidbhbhoPrsEgn, Wi s [=4 DWBA curve
EFEBICELAAD. ZOEAILAT, Thbld hexade-
capole vibrational state & U T4 MlETx 3. °Cd
BIU C I TRMDKD & SITIRERIL - TH
bORIGNIIVN, BESHOMERZ L Cd TR
2.22MeV, :Cd T 2. 047 MeV state s l=4 DWBA
curve FIEFICK L —~FK L. ch bl “flickrTE
UKD EWDATEDMENESM, HESHOM
CHEBLUT—IMREICANTE (T LT 5.

4. AEST & DWBA BT

4.1 BEEE

JEMME B EL D EIT 2 3 B 72 HIC, nuclear potential 3
g 2 KFED parameter IHUKIAOBE S HD
data ZH|BF 2 X S ICED bhfe. Schrodinger K1

[%mvm Je@=Er( 7
IC B> % optical potential |

Vo) =V, +Vof () + Wag(r)

( 5 vV, d ; g
o) @ (®

AL 2750

ol o

g () =exsf —(77F )] 10)

V. i3 Coulomb potential ©& 3. V, W BLXU %D/
@ parameter DXAKO HZIZ PEREY'®, HODGSON'®
DI, bhbhd 2Cu, *°Cu BHEHFELY OFEE» S

BT OIEEMRILIC X 2HHE 59
I Elastic Scot'ferlng i
“ trom "2cd
10t =
i3 Ep=14.702 MeV =
210 \
-] >
E X
ola \,
'OI'U 2 ‘ﬁ
10 '\4 —
Y
Al
10! AN _
=~ s
\v
(o} 30 60 90 120 150 180

e (deg)

Fig. 3 Angular distribution for elastic scattering from
"2Cd, The solid curve is the optical model
calculation. [(Koike M.: Nucl. Phys., A 98 209

(1967))
V=46.7-0.32F, + £ MeV (1)
W VE, 12)

HEEBEL U, Fig. 3 TERBIUHEDOEGIE HIF
TH <. FTHEH LI optical-model parameter %
TABLE 1 [T & & ¥ THEL. 73EHE imaginary poten-
tial (€ gauss %1k 1) Woods-Saxon 043 5l 23 % S
WENTETWVADTRER SNKEE WCd, *Cd
fErTid A0 Lofbhic

r——aRu >

arey_ el
4a dr [l+exP (%@LHZ

MERIN TS, G T ~T “INS-SCAT”® code
EROTIREh.

3)

4.2 FEMMEHE,

—fRic i EL.o differential cross section do/dQ I3
transition amplitude 7 2N TH&KRD L SicEZ 5hT
b\ 5 1) .

TAsLe 1. Optical model parameters adjusted in the calculation.

Nucleus i E,(MeV) —~V(MeV) —Wo(MeV) - Vs(MeV) ro( fm) a(fm) b(fm)
8ONi 55 36.3 10.2 4.0 1.25 0. 65 1. 06
1oCd 55.03 36.0 9.0 7.0 : 1.25 0. 65 —*
12Cd 14, 702 54.0 11.0 7.0 ; 1.25 0. 65 1.3
114Cd 55, 16 37 9.0 7.0 1.25 0. 65 —*
16Sn 14. 694 52.3 14.0 7.0 1.25 0. 65 1. 06
1208n 14. 698 52.3 15.0 0.0 1.25 0. 65 1.3

* The Woods-Saxon derivative type was used for the absorption potential.
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do _(p Vb 1 g
dQ 2 nh? ka 21A+1M4MB

7272 I, M |X nuclear spin & %@ z-component, £
13 wave number T suffix | A (a,b) B 0 process
KB &#THs. &51cT 12 DWBA Tk
T oo k) XLuMy | VLM, (r k) dr
(15)
O EbEND. ¢ T distorted wave y(rk) 39
TICEWD b7 optical-model parameter % 4dr (7)
REHLTLDIICEDONS
ntd gMp| VI M, 1€ 81 % interaction V {3 vibra-
tional model iz Ufct-> TE DT, 312 b H Ik
LRETFEROREREICE - T B ENEERET
%. Target nucleus OhLhE D ERE = TO M R
(1) Ko {#HG 555, ChiCstiisd 5 potential
BEER R, Db TEET 5 &, first order Tt

V(r—R(r))zV(r—R,,)—ARTr ' (16)

& 135, D% 1I5iT spherical potential vk ¥ FL %
Bl & B FHEMERICHIGT 5.

A first order @ 2!-pole excitation, 4734 H spin
I,=l @ single-phonon excitation OF|E A B &, ZD
HMOMEER VY BROX 51K 5.

m av dv
v 4R dr i

a*;,, 12 phonon @ creation operator , spin 0 @
ground state | a*,, #{EM T 2& Jhe/2C, 133
=lakds. Fiibb

|Trl* D

Nuclear matrix eleme-

an

=R, 2 a*le*

phonon

S a¥nln=0, 1,=0)y= «/*“"L In=1, I=Iy

(18)
Z Z T nl3 phonon O¥Th B. =7 ground state D
nuclear potential % Woods-Saxon # &3 if, T D

HEAER O radial part |2

av _ Vv, exp( r°;R° )
e [ree(75R)]
1554, ¥ @ excitation ¢ transition amplitude {3
BoRtEORR
V,R, ‘hwl

a

19

Tl (l)

= % B 0) @0)

DT EDHEND. Llch - T cross section (14) 3

3
do _ 21+ 2
do _2htliara) 1)
Voo o[ fi_ 22)
00 = ( LY A ’“mmm@v 23)
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L1 3. g 1 “INS-DWBA 1, 27 %z & - TEHE
&1 Vo Ry a 39 TICHMEFEL ORBRPSED LN
T A5, excitation energy (level energy) #fw, &
L Ur cross section do/dQ P E T ML, FTHKOET
WX B3 C BkE & b, vibrational model
IHBTIE, < @ parameter C; DA X X MERPE: tran-
sition probability CZ#4 2

{7715 % k41T B B 2'-pole single-phonon excitation
ICX}9 % transition probability |, constant density 33
& U sharp surface Z{E M IE KDL Sickb T
EMTEB?.

B(EL; I,=0—I5=D)

_(21+1)(

ZeR L) g‘g 24)
l

oz nic 9 A single-particle excitation € X 2
transition probability (3
B, (El; I,=0—-Iz=0)

~(21+1)__(li3 >2R“ (25)

Th5 % 5h3?. O single-particle unit |z 344 3 col-
lective enhancement {2ch oD% & D,

B(El) _ Z:(I+3)' 4o,

B,, (ED 4r 2C,
THZ oh3. ZTHICHR~-EE data ® DWBA
BT okiEINT: C BXL U excitation energy #w,
DIEZF R T @ enhance factor % estimation 45 2
EMRTEL. HlELT *®Ni @ quadrupole (Aw,=1.3
MeV) B XU octupole (fiw,=4.2MeV) states [TDOU\
T E,=55 MeV BFDERUBEDOAESF% Fig. 4
@), () TRLTHEBL. Htho curve 13 I=2 L r!
=3 iIcxtihg 5 DWBAGETH 3. chhbBonr
enhance factor & E-F#E, Coulomb excitation Zh»
SRR oNIHERE O % TABLE 2 [RT. BB D
enhance factor {C}3 absolute cross section ®ZERZL:
MEDEIHEBLTLDEDOELND, BERH»MS
BonfkERITHEIC consistent & 3 Tl

Fig. 5 (@), (b) ICH|= Tai~ 7/ hexadecapole vibra-
tional state ICxfjnd 2 peak DHENGERT. EH
BEHEHERTHS. @3) KD ¢, % “INS-DWBA”
code® TEE L, absolute cross section 2SEERL A S
kowExh C 2@S 52k, o C OEPS
(26) &M T single-particle excitation €9 3%
enhance factor ZEE L 7-4E% TABLE 3 ICE & D T
BL. BEOLEDEALZDKICONT, 2 L1 3 state
KDONTHLNIRER S —HITRL TH 5.

Fig. 6 (Z12 [ TR X1 f: vibrational state % level
scheme ICF & HTH 5. Klevel E bEREHE EbiCW
S ADEAL TV ERF RIS DI S chdpl=4T
excite X7z state (3 DHEERT S BMRYD quadrupole

(26)
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T

1

TasLe 2. Comparison of the reduced transition ratio

' B(El)/Bsp for the single-phonon 2* and
N Q ==1.3 Mev 3-( sta)t/es of “Ni o
\ \'\... f=2
10 N 1.3MeV(2*) | 4.2MeV(37) ref.
X —— Coulomb Excitation
£ “\ ZAN === No Coulomb Excitation —] 55 MeV p 12 8.8 (a)
S { 10MeV p .1 9.3 (b)
510 %fiﬁ 14MeV p o6 ST (¢)
4 L BMeV « 101 6.3 (d)
ola o BMeV a1 244 5.4 (e)
oo _, \' A 180 MeV e 17 i 16 (f)
10 =5 "":\‘ Coulomb exci | 16 “ (g)
i‘ (a) ref. 4
. \ ~ (b) Fricke M. P. and SatcuLer G. R.: Phys. Rev., 139
162 va s B 567 (1965)
——oA (c) Samciier G. et al.: Phys. Lett, 5 256 (1963)
Buck B.: Phys. Rev., 130 712 (1963)
(d) Rost E.: Phys. Rev., 128 2708 (1962)
o 30 60 90 20 50 T80 (e) lzrggg)G. et al.: Phys. Lett., 7 203 (1963); 6 222
©c.m. (deg) (f) ref. 3
Fig. 4 (a) Inelastic angular distributions of 55MeV (g) Anoresov D. S. e al.: Nucl. Phys., 19 400 (1360)
protons for 1. 3MeV excitation in %Ni.
The solid curve shows the {=2 DWBA TaBLe 3. Reduced transition ratios B(EI)/Bsp extracted
calculation. from the inelastic scattering of protons. The
values obtained from Coulomb excitation* are
r shown in parentheses.
i E, S B(El
ll LY Qomd.2 MeV Nucleus (Me!{/ (NE{?) 1 I %
1 }:'\f 2=3 60N} 55 L3 2 | 2 12
£ 4.2 3 3- 8.8
S z 5.1 4 | 4 5.2
f
S 16— \._1 meg | 5503 | o066 | 2 | o 34 (32)
E T 2.08 3 | 3 20 (20)
bls J\ F A\ 2.22 4 | & 7.1
|o'2 \ mMCd 55. 16 0. 56 2 2+ 44 (35)
; 1.9 3 | 3 24 (17)
‘\\ li‘\ ~ 2.39 4 | 4 10.3
3 uzcq 14.702 | 0.60 2 | o+ 27 (32)
10 1. 964 3 3- 24 (20)
2. 047 4 4* 4.0
1168n 14. 694 1. 285 2 2+ 11
30 60 90 120 150 2270 | 3 | 37 ) 16
2. 814 4 4+ 4.0
Scm.(deg) .
* McGowan F. K. et al.: Nucl. Phys., 66 97 (1965)
Fig. 4 (b) Inelastic angular distributions of 556 MeV

protons for 4. 2MeV excitation in %Ni.
The solid curve shows the /=3 DWBA

calculation,

B octupole state & L THISIL TS 2%, 3 state
EEMICRRAILEEAS S - T a. EEMICE vibra-

tional mode Asgy &, GEEMEMICIE BIC L KM oT
transition probability Ai~ o TW <.

Single particle

unit THIELTATd, 0 enhance factor {27 A1

B9 O LK RLITAN o

T 5.

1Cd (» spectrum T BINTIT 2.49 MeV peak #sdE
HE BT B, 0 peak OAESTIL single
phonon excitation Z{R{iE L 7z DWBA curve & {34 <
B f2FAE LT3, °Cd, '*Cd ¢l3 I=4 excitation
D peak BLT U bHTHokE (REVY, NOSOER
K934 12 microscopic ILVIENOHEZTW A MENDH D
Lol bns.

z d & 515 higher mode @ vibrational state % g~
TWLFELLTE, HOERLHITERLD, pd a
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Ep=55 MeV
Q-4

EoT T
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F DT T
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Fig. 5 (a) Inelastic angular distribution of 15 MeV
protons reproduced by the =4 DWBA
calculation,

ete DIEWUEBESROFROL SicBbhs. -7
spectroscopy 13— level DFAMAEM 2 DICERILTF
E¥Tdh A3, vibration ¢ mode 3 12 Alco2hT 7-
S OREIEMICI - T L 5. #JF ground state Pl4k
@ level A~ decay ZH|5E L T [collective state & L
TOWEBEDE S FTNTVER] & - i
SRENTYW LT LT A D, EFHRALZFEENITE LD
FEENZ BM energy K & ARESHIC diffraction
pattern MiZ & A LHHLNT (¢R WhE Wi ), &
WhHREE 7LD, energy ME KR53 EMEREDEATH
¥ L1724, heavy ion %] T X1 Coulomb excita-
tion {3 AR EM DB A. Coulomb barrier A3
ULEL BARICAD CHROEIRREXE R b
Kf %8 energy T3 N, FFAET S single
phonon state (FF K F {BEbh s bRV, £
150 ¢ 50 MeV beam % BT Cd §HIRD 3~ state %
BIBELT S ERNMHS. 44, 5 state KX LTk
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Ep=15 MeV
2=4

IS

112Cd 2,047 Mev

T
Il

Ll

(mb/sr)
T |71’|Illl|

blal _
oo 1165 2.814 Mev
0.1 — =
e ]
» 120
Sn 3172 Mev
0.1

{ lllllll

f

! I ! ! ! ] ] !
O 20 40 60 80 100 120 140 160 180

Fig. 5(b) Inelastic angular distribution of 55MeV
protons reproduced by the /=4 DWBA

calculation.
.t
5.55—at 3172 4
5. f=mq*
2.81—4'
4.45~3 - 3
239—4 e 380 —
t2 ¥ 222—at i 233—d yyp 523093
s 2.08— 3™ 20474 _
~I s 1964—3" 1.95—3 ;903"
1.a5—3*
133 — 1.285 —2* .
L1152 —2
0.66—2" ot
062—2" a55—2* os2—2
—o0" —0" —o* —o" —o" —o" —o" —o
58n1: 60y« no, 12, 114 116, 116, 120,
2aMi30  26Nizz  4gC%2  4aCdes 4eCde  48Css  505Mes 50570

Fig. 6 Systematics for single-phonon states
L 5N beam NBUHEEILAH .

LoL, ZOXINERTL { 5THEL mode ©
vibrational state SR B I3 L E I L IBBETH
%. Excitation 8B DE I 2T L B EEFHEH D
ETHW - UIERESTRBIE S0, K
#IC particle excitation 23X RAEKT A LITIRETH
A9, B#ic 57 state £ DT (p, p") Tl “Ca 0
4.5MeV state'®, Zr ¢ 2.315MeV state'® psEEIC
i { excite INVTNSAHESHIZ =5 DWBA curve
LA chooiRnThd double closed shell
BTHwbhWws [l KELTASNTNEHDTD
52 EBEKEDD.

Z & report B AEERIIEZD/N, FPHE, LH
—A PERER, ARAE, JURE, LRZESR M
% AL, E¥eZsN, ERAT, THg R G
KOWACXDIEENcbDTH B BBRCHHNAE
WHELERZ LTV LV ERERRICRST 5.
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11. Isobaric Analogue Resonance # 7z HhEE 4 GHIB O 1% R
ES i *

11. Nuclear Structure in the Intermediate Mass Region
by Using Isobaric Analogue Resonance

S. M. LEE*

The characteristics of Isobaric Analogue Resonance on the study of nuclear
structure are briefly reviewed. The possibility of finding pure collective states in
the compound system as isobaric analogue resonances is discussed when we choose
the even-odd target nuclei.

1. Isobaric Analogue Resonance (I. A.R) DIFHK

1961 4 ANDERSON, WONG" 5iC X - T (p,n) K
ZFE VT isobaric analogue rtate OFRRENILE
N7z, 2?4k, charge exchange reaction T optical
potential i€ U,/A(@T) 0% A7z DWBA #irHs
fTisbh, ZOAFHNOEENFANSNL T 5.

1964 4 FoX, MOORE and ROBSON? 5,iC & » T *Sr
(p>) (P, p)s ¥Y(pyn) (pp) RIGT L AR MR
., EEBOEOEIZIREEIC analogue state MRV E
FHELUTHEAT A EHEAEI N 20K, EEL
T A~90 Bt & 72 closed shell i {5 T o single particle
state 05 (d, p) SIS & O E W THIWICHA~< SN

Target(d, p)

)

PRV, Vo
|-
=Nz +1

2 z 2

T

Parent nucleus

Exp. ( zﬁYm )

(vzr.)

Compound nucleus

2V B E—AD I FAF — MR L 2D
HPICAETH BNV TFRE Y F ARG HE LT 5.
WM#mELT LAR OBMESITAENLTE ()
RIECAEETH -1 bOBHALNITIEEDT, %
BHLEREEOMEFERELTES S CENTES. LA
R OB ADRMIZE A D resonance 2 BT, £h %8
& LT parent BZOBEWHRIREBSBERONEETH
% (Fig.1). X 5jc—pF compound ¢ analogue O#:H
BRELADBLEZNEFALT, (0,p) 24l T target #%
OHEEEY, (1) DR R v ENMBRELAIELT
(p, n) @ residual HOWE? Z U APWRBLEETE
5. Dtom LA ROERICEBNTE, 2—45 v b

B—DRATER4 DO (Fig. 1) ZIEICEXTHET
5.

Target nucleus Residual nucleus

of (p,n)
(v.,)

(1zr,)

Fig. 1 Graphical description of isobaric analogue resonance.

* dijh ks Tohoku University
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T, FENAMEERRRORNTEXONS. T

ground state ¢ analogue 32 Ey~™ i3,
E, ™ =4.— B, (1)

z it Coulomb displacement energyd.=1.44Z/Av/*
—1.10(MeV) it +100keV THAME 13 1Z—KF 3.
B 13 target (d,p) RIED Qup value oKD OIS ;
Bu=Bat Qup=2. 22+ Qu, (MeV).

RIC, traget (p,p) RIED L & target (d,p) RIED
L,

b= (2)
% 72 reduced width {3
Vet =72/ (2T +1) (3)

DRGNS 5.
bavbhid, Bk (1),(2),(3) o 320BFR%E
Y& ALLT parent D low lying state Z-FF~
A2 TH5.
wic LA R%Z(,p) RIGERBELTEREA R
BEARTHEIS.
LA R OFHEA
@ (dp) RIEERBRERRZY L BERIE* =X KK
independent (C@t$ 5.
® J4E,(p v'— i +target OFEIXIC L B2 T 3 0¥ —
SREE) % fine it 22 ek, ~20keV R
@ doublet H353iF S 2397,
® LERETHOICADHOLERL. K320 6
T (p,p) elastic ZRPETHIE, () =0(@cou+
0 @Drest (@i ORT, I 'yl j, Ex % para-
meters (FRTHYBEB) KL Th j Bk 3. EiZ
(@) B2 (mn) TRDH B EHTE5.
@ jorER (dp) Xhid-Fv-pohscd
MNHB. 1272 target spin & 0 3 iF 1/2 T
B TSN HIE.
L AR ORFEA
® %EB%F &L LT Coulomb barrier LIF T 51
R oNOTHEREIIE SREINS (E,SE).
— RN 5 Ty Ep> E. T3 T < normal state 33
BT %7, 7 T> analogue state (» density 3
BA T L 5D T cross section {Z fluctuation £ 73 3.
@ HEFERN ESE ofcy, L BRE0LOP
S—factor D/NENHDIR AIH LS. Az,
Mo (p,p) DEERY IKBWT Ep=4.36MeV,
l,=2, E.=845MeV ZEHI XN 5 T2
® Ep=4.—B.<0 DOki3 ground state F{EI3HE
RN Y. o DFEBRBOUKTED, C
D& parent DA LEVERRESHIE DO R
753,

Isobaric Analogue Resonance % 7-rhEEFUIROKIEE 65

2. Collective state % compound [Z B 3 wJhE
¥ (target : even-odd #%)

AHFETIREAEDERT target | even-even F;HGHE
Eht. 2hRB3RO\EHICE B ; @ target spin 0 mF
DBRITZEETH 5. @ even-even i3 HARFICLHE
EL, 2hEHVE (dp) RIELZ P OhTV 3.

LU, even-even {4 target & L TEA L,
even-odd N KD By WNELLBZDT Epy=dc—
B.i3 <13 (TasLe), thBEE P OSEVKIEZ X v 7 A
DI THB. &AM even-odd EE~T, KT
ANF— e XRYFT 5 T THEERIMERHIC AN
LT EMTED (TABLE 2),

TasLe 1 Differences of Egg in the even-even and
even-odd nucleus for Mo isotopes.
HMo | EMo | Mo | Mo | #Mo
Ey, ’ 4.96] 3.00 5.38‘ 3.79’ 6.14
B, | zwl'@ml 6.83 | 829 | 5.91
(MeV)

F I HFIICIL, compound (3 oasAows, parent ki
evenfeven {C78 5 (DT parent D 0V—2+-2+ Ly, 42
pure 7{ vibration state %3 compound odd-odd ¥
WEERBBICE b 3 AR R T L 3. Target %
rotational region TE~UYY, 0t—-2*o4* OEEL ~NL
M odd-odd @ compound it 4% Z &ictt ) odd-odd #;
OERURER I 2[ET B 21T 5 (Ew=4/2T-1-(1
+1)). Odd-odd o J %2W2c L4 L T HihicH
EWI2 L, U OREE LV S BRIEIC 4 BB A
DEII.

Pure 73 vibration state A3 55 2 Al HElE 12 R D EER
MENOIREZEA TS, D. L. ALLAN, et al.'® [Tk
H "Sn (p,p) (pp) OERTHEAVEEMNAM SH
7= (Fig. 2).

- o
250 | . 9.80 p(3 )‘_”_\‘ 232 .
54" 110§ 51 8.40 P(2%) s -on 1.23 o+
w4 + 7.30 p,
g ] e o+
neg
""Sh

Parent nucleus Compound nucleus Target nucleus

Fig. 2 Collective states in the '*Sn (p, p’) reaction

Fig. 2 2GS N, E, 8 4E,=E,(5/2%) - K,
(1/2%) = Eex(2* of '8n) T 155 728 p/(Q%) HEh <
enhance ¥4, pP'37) KDV T HREKEL C & A iE-
z. TOEFEE Sm D isotope 1T DT, PAPINEAU, L.
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TABLE 2 Epo values in even-odd nuclides for targets in the intermediate-mass region

Target S abd (%) de B. E;, Parent E.

#Ti 5/2- 7.32 7.70 11. 62 -3.92 $#Ti 5.30

#Ti /2" 5. 46 7.58 10.93 -3.35 3T 5. 24

5Cr 3/2- 9.56 8.12 9.72 —1.60 2Cr 5,60

3eFe 1/2- 2.17 8.62 10. 04 —1.42 :ZFe 5.95

$iNi 3/2- 1.25 9.13 10. 59 —1.46 22Ni 6. 30

$iZn 5/2- 4.11 9.51 10. 19 —0. 68 8%Zn 6. 58

BGe 9/2+ 7.67 9,92 10. 12 —0.20 11Ge 6. 86

7:Se 1/2- 7.58 10,39 | 10.48 | —0.09 1Se 7.18

$iKr 9/2+ 11.55 10.79 10. 51 0.28 5Kr 7.45

H 9/2+ 7.02 11.25 11.12 0.13 Saor 7.77

$Zr 5/2+ 11.23 11.70 8. 68 3.02 $oZr 8.08

Mo 5/2* 15.70 12.16 9.16 3.00 1Mo 8. 38

$*Mo 5/2* 9.45 12,08 8.29 3.79 Mo 8.33

%iRu 5/2* 12.70 12.58 ? ? %Ru 8.68

%5Pd 5/2+ 22,20 12.93 9.41 3.52 1%ePd 8.93

mcd 1/2+ 12.75 13. 27 9.29 3.98 ’i:Cd 9.18

1iCd 1/2* 12. 26 13. 20 9.04 4.16 Hicd 9.13
ot alV 1T X - Tk DREEMICHEN S WHEE S N . c 4% ‘I'SSn{p ”);qssbl
i3 target core MEHEINTC phonon +quasi-particle 400 FLIGHT DATH= 6m — 1
state #¢ analogue TEbLNI T EERLTVS. bo 350 b o f= 90"
t 4 (p,n) KIGTIE, even-odd @ target T (1) Ko 300 m or|r-nzso~mcz_
de ®B{%D> 5 phonon-state A3 RICHARD, P. et al*® € 250 o o)
X v WSn (pn), **Sn (pn) THENIIVABD, | o \1 iy N o0 —
@D © (p) TRESNED T - i %M Mﬁm#ymdn

Even-odd 0 target TREIEHE L TROL 51D 100 \v}‘ { Av[ LA ﬁ

&% %. Ground state ¢» analogue {3 #3" 0% A3 g f u ) \1?\: j ,_ét l
P ARIFLC K, H I etal? ick-T (o) KIS & s
i1, ##1 4% © Coulomb displacement energy 4 @ E so0 ]
sz I A R @ mechanism TRIEIC TV RDIC 2 a0 ON-RESONANCE
WL, MHEOHEFRELTOEMTH B LIRS e
hiz. T75bH Sn (pyn) WSh KIBETR DR X7 bv 3%
% 0=90°" ¢ T-O-F % > TRV, ground ¢ analogue 300 -
0* ¢ on resonance & off resonance T% () crosssec- 250 fr
tion % W@ L7z (Fig. 3). %@ enhancement (3 do= 200 ]

(Gon res— ot res)g=00°ccS (L, H P (En) THEDLEN, T
v S, 7 13 strength function TH Y, P (E.) i n
o penetration factor TH%. W& 220D n O group
< 1 i i d¢'/do=P(ES)/P(E) &1
b, ZOBFBERNT WShH PEOHD L NND
gEIhi.

PlE/NATIRS 208 L A R 2 5 THEKEREBO
Wb 2 AN 2B HE DR TH T Gk, B-7, IRt
#4#H, Coulomb excitation, (d,p) 72 & ME1LC ORI
OHEFBRTH - Mz hEhEENDD, 4% 1L A

r“v’n ;];‘\‘ \‘
’: j WL %ﬁb k

4

[N

| .
O 20 40 60 80 100 120 140 160 180 200 220 240 260
CHANNEL NUMBER

Fig. 3 Neutron time-of-flight spectra. The flight time
increases with increasing channel number.

RiZ 2 SHHAM » THLUVREREL T b0
EREAET B
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12. Octupole Vibration of Deformed Nuclei and Y s-Deformation

TAKASHI YAMAZAKI*

Energy levels of **Ne, especially experimental informations on octupole 6- and
g-vibrational band and Y ,-deformational band of **Ne, are reviewed. It is inte-
resting to investigate systematically the coexistence of particle 3~ states and hole
3~ states in the even-even nuclei.

1. ®Ne D energy HEfiI

G « EEGF « a KT OFEMERILET, BEKTIR
MM s hscEBAShTED, chod
3L TEODE energy OHDRINERIREICLEDD
ELTHHAINTVS. MEKoNELREEN G0
WEREHTIE L D, BEKTR K=0,1,2 3042%
MBS G BOAEKTIIEE O IR &
FLTAMD 37 MM AL 1T 2208, BOETER (sd
) TWRIBADECH 37 BT LU 2L
AHIhTHRL. ChoDEEKO 3~ #isnEn K
@ band ILBT 2 0E, TREEAEDLD 5 TOIEL.
ANEBIREEEN O band TF spin #EyFTRHEINT
WEDREDILNE, cd il *Ne Tid K=0- ¢ K
=27 ®2D@ band LB 77 FThhr-THED,
1MW wid K=2" @ band 73 77 £ Th T 3.
DX DICNEBIRBIHEMO BB L s TSR
FELT ®Ne -0 pF2cdicd 5.

2Ne D rotational band |, [hfL energy s ~13 MeV
LI FD & ¢ i Chalk River ¢ *C(:*C, a) *Ne KJi
CEoTAbULLIHARGATEDY, X5k 20MeV &
i3 Florida T "O(a, @)'*0 ORI L X FHES
W SEAE *Ne BFENSHTO LY. &Kl KRATIR
20~24MeV © a WFERHNT, *Ne(a, a’)**Ne TH
EREPEOFREREICE 75 a NFOAESAHOR
EP, O, @)'*O THEAW *Ne OE\> spin HEAT %
IDTERETIE - T3,

2Ne D rotational band 23 3 ¥» 2 & Fig. 1 DL S
iIctz Y. A band 3 K=0* OHJE band @, 8* 3

BOMoTWAB. B band 3 K=2" @ ¢ -iR&) band,
C band |3 K=0- @ b -4 &) band T, & I /\EMIRE
& band T% 5. D band & E band i3 & dic K=0*
T, ZOEL LM f-#KE band THASH. *Ne T
12, 7-#&E band X K=1-, 3~ 0 /\E#&IKRH band {3
FHEHBOD 5T, F band (ZHEATIEH ~800 keV
EIRNDT, energy fHITE LEBICRSHOIATHER
V. lARD *Nela, a’)*Ne 0EETIZ, Z®d F band
BT AR RHEREP 7Y F band i3 A~
E band i  SRTEMIBEBENC &S, L OEE
D#E D band T, B, BEL L0 HEALIE.

G band 3 1-, 2%, 37, 4* WOk B. [FHEHS pear
shape (Y, &) £L T DX 575 spectrum 3

1543 77

43 6
369 1394 (6
%339 7~ ‘
258 277 @)
19 8 ﬁm 6t 1227 _(4*)
e 12 ("
st By 5 =107 4" 7331085 (o*M\o
99  4* (H) (I
950 2°
81y 6 - 9076 4 _ss 2888 I°
Mt g g 0 (G
- - (F
e wies yBZom o (F)
6722 0 K=0
— K=0
580 1 (E
5631 % (D) )

ag ¢t k=2 (C) "
(B Ne

1632 2%

0000
K=0
(A)

Fig. 1 Level scheme of *Ne

* PR AR Osaka University
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Hobhbh, 2O G band OfF parity ke L 4 parity
RIEE D, ThENMEID rotational band T84 3 b,
2k T—DD rotational band IZ/& 4 2 » i3, HERIOD
energy {721} 0 5 1345 5 751> . KUEHNER-ALMQVIST
1337 parity JREEZRH L TV WV DT, {8 parity R
DA T1D0 rotational band i L T 3" et L
T, HUNT-MEHTA-DAVIS ({8 parity {R#B & 35 parity
REBOWH 2 4 3y — > @ rotational band %3 2 T
5. 5L 2D G band 23{# parity JREDOHICL E b
DEFTHE, 7 REBENOWHEE KD 5. cO kDI
Y, ZJED band BhOEFEKICH H 5 b2 hEhid
Bkkhsc&TH3. G H I band OFEIIT ITHEST
IhbDTRIENEIICES.

X 5T ko energy #712, *O(a, a)!*O TH~NLH
TR, zh b i & 5& “Ne Ol energy T
13.3~13.5MeV &z AiC 4%, 18~20MeV C 6%,
21.5~24MeV i 77 o¥fIRThZhBEERHBINT
WA, T energy fHIRICIE Ng=2 © B i%H) band
(K=0"), p-b 48 band(K=0"), B-g 3 band
(K=2") b obhsidsThs. *Ola, )0 T
Rl &z *Ne @ energy #1i3 DL HSBHED D
DirbANIL.

2. NEREHELD Systematics

%9 *Ne @ g kB band (K=2") & b #;&) band
(K=07) Ok#%ET725. FEmHEE 7 & 21 *Ne
(a,a”)*Ne T2, g band & bband LIZEL L Sich
&, i band © 3 OWHEBKIZIZERA U TH 3.
17, 67 i3 37 N2 LHERh I V. ch b0
FHRREIL, a HTFZ2RB LT ODEEREICEK 3
25 O a WFHEE [, 3 TABE 1 KRT XD
iZ, g band & & band & TRIEFWIC LS. b
t, gband ® I', i3 b band ® I', THRTEHLHT
/IN&W. g band 131 p BROEFH 25, 1d RBARHE
LTT X773k (p hole state) T3H v, & band |
25, 1d 3BT N 1f B~BEL TT 3 eiRkE
particle state) TH B L3 5&, g band |3 O D core
MZHORATVBDT, alFERHLT O o&EBER
FEAD (TR &Y. Zhik LT, bband T O

TABLE 1 [',-values for octupole vibrational levels of

ZDNe
I ,(keV)
Jﬂ
g band(K=2-) b band(K=0")
1- — >13x10-3
3- 2.5%x10°¢ 8
5 < 0.2 150
7 <40 ?
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D core GEDEETIHOLNTNRVDT, a KFZIK
HUT O OBEEREADSHERBAENC EICED,
g band & b band @ I', DLV NHEATES. &5
ic #Ne (p,t) *Ne I Ti2, g band @ 3~ OFH &
band @ 3~ X d®mPEEIN Y. 2hid (b t) KIS
Dk 512 pick up KIHTiE, hole state (D5 As particle
state LD HWIBBINBDTH 5.

*Mg TH *Ne LHLCEMBL >T3. *Mg T
i3 7.62MeV & 8.34MeV &ir 3™ 23d 1, *Mg(a,
a) *Mg TRIEHFRZRAUEBECHE I 54, *Mg
(p: t) *Mg RISTIIFTD 3~ o shs®.
DT EMS, 7.62MeV state 22 p hole state TH D,
8.34 MeV state 5% f particle state T B2 Ebh
e

BROMLEY 73 sd W 4HIR D 3™ #E{i[ % particle state &
hole state & iICHIFTEEDHTNBYDT, TOWEE
Fig. 2 ICRT. sd BORB L HOFOEEH A O/MEWD
HFITiE, *O o core % & P9 hole state  3° O A
BIEL B Shbh b, fEOEBEDEEL (“Ne, **Mg)
Tt hole state & particle stale ® 2 DM 7E DEHEL
THobhd sd BOKRDOEERBROKEOVREFKT
X, O o core FZDF T TIHNTILL particle
state @ 3° OAHBIEL B S5bh 3.

p "hole" 3™ states

(MeV)

5.887%i
32,
16.5975

\er!icls 3" states
. chz

Q value for(p,t) to 3" level

-8 1 ! 1 L L 1 1y

20 28 4 36 44

Fig. 2 Systematics of excited energies for 3~ states
in the sd shell.

O IREFEIES » EEVETFHRTb—RICHRILD
AN, FBRCGEVWETTR, BOBRRED
ETAIF I RIMLISOEDALRVY HBRLOE
CEENTZEER TR 2HEEED 3~ BELH>bh 3.
FIRETHILBEDNIFETHTD, BFEIid
HFESEHARP SBT3 2Ge,, $Ge, *%Te, T
i3, 3MeV FTOENERERED & ¢ A 2ED 3°
MHobh T B (Fg. 3), T D—J3 particle state
Tl Hs hole state THBEEZ B LMTX 3.

BA DL { Tl particle 3~ state 2» hole 3~ state @
—HEGBEERBLICHY, ARMOE BN L
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|47 B34 Y 30~33 _2.93 \
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567 762 \ 252 254 N
[} 1
hole-state | |hole \ | hole
" .
#Ney Mg, 2028 HGe, 1Ge, 40 50 'Te,,

8% @Sme 18Cdy G Dys 120 e

Fig. 3 Examples of nucleus with two 3~ octupole vibrational states.
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BRI B L NI BLFBEOREEL VD%, B
FICHRDC ERBMKD A ETH 3.
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RGO & 573 2 KFxt pick up RIETHIBE X5
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2 particle 3- state T&H 2 rEAHET T LWL, C
NoDRUBERN S EEEKD K=07, 15 27, 3° O
4o 3= BEFHEh particle state & hole state D &
LEOEDENEIVEL b > TNEDERRBZLLENTE
BbRNIED. 18k, HEMICE N TIL energy TH
AT 520 37 REAWBEMERNE Q-Q HEIERH»

5RDBC EIBHHETH 3.

D

2)

3

D

5)

X ®|

Kuenner J. A. and Awmovist E.: Can. J. Phys., 45
1605 (1967)

LitaerLanp AE,, Kuenner J. A, Gove H. E., CrLark
M. A. and ALmqvist E.: Phys. Rev. Lett.,, 7 98 (1961)
Hunt W. E,, Meuta M. K. and Davis R. H.: Phys.
Rev., 160, 782 (1967) ; Phys. Rev., 160 791 (1967)
Takepa M, Kato S. and Yamazakt T.: to be publis-
hed.

Jopoohe J. C,, Marq P. C. and STEYAERT J.: Phys.
Lett., 2 325 (1962)

BroMLey D. A.: Nuovo Cimento (Supplement) 7
560 (1966)



B2

£ H & BB o B W
(BE: REEZY, HRER, EFEH)

Part 2
Theory of Collective Motion

(Chairmen : KicHINOSUKE HARADA, YASUKAZU YOSHIZAWA
and MiTsuo SANO)



JAERI 1158

L EFiomERE 71

L /7 &0 k8RB

= T X B

1. Vibrational States of Nuclei

MITSUO SANO¥*

The aim of the present article is to discuss problems in the collective vibration
of even-even nuclei. First, a brief summary is given of the various theories of
the collective oscillation based on the phenomenological models and on the mic-
roscopic description in the random phase approximation. Second, a possibility for
existence of new nuclear vibrational states is discussed within the random phase
approximation. Deviations from the random phase approximation are also con-
sidered in the framework of the microscopic theory of the collective excitations
of spherical even nuclei. Phonon-phonon, phonon-quasi-particle, and quasi-
particle-quasi-particle interactions are obtained by taking into account the differ-
ence of a quasi-particle pair operator from a pure boson. They are able enough
to reproduce all of the observed orderings of the triplet (0%, 2%, 4*) in the
excited states. Formulae are also given for the electromagnetic transition matrix
elements of the nuclear states. Most of the numerical calculation, which was
based on the conventional pairing plus quadrupole force, has been made for '*Cd.
Finally the shape parameters § and 7 are introduced and collective vibrations of
Y-unstable nuclei are discussed.

Hexadecapole
1. BRELUVEBROERE T
1.1 1] 3 phonon Octupole
HEF O Nt 24<N<88 & 114<N<I32 O 5
BICRT ZETHIC, RBRENS ShECERE A 024" __ o=iTo-
SRTNECETHE. BFHORERBARBTS 200"
7o¥iC, BOHR® A, @G—EHEAb - L MKOREE
Z, MORmMAERHLTOICHLNS DML BEET 2
R(, $) =Ry {1+ 3, a1 Y 1u (6, )} @ 1~ phonon
EENT, EFREE ay ZHEALK. ¥E R, ORED
SEERAE DI E TH/NMREI Z B I o TWN5ET 5 LT Bore P — H-mr
NRTD ap lZ/PNEL, FOZFNF~ ap LZDIEHE vibration states vibrations

EFHE =8 a0 OMEMTRETX3. BROE%
WHTBE, ~NINb=T VIR
Ho=3 {55 17l 5 Cal auel} @
% \2B, 2
E5zen5. ZonInb=T ViR o;=(C/B)"V?
DIREAE S DWIRB TFOHRIVERDL TV 3.
A=0 FEBEEC, T, =1 BEETicHET 3

»mokhrt, ) XOEMIT =2 HoRBLE BT L

in real nuclei

Fig. 1 Schematic vibrational energy-level diagrams
of even-even nuclei.
8%, ZONINP=T VY EBEOFREICK->TET
bt 2L, RRRBFOBRTELUTHERHRE #4 T, =
2NV F — ho,=a(C/B)Y* s F 4 8 (-D* o
phonon »55h 3.

* pRAFL Osaka University

Fig. 1 [cRE B L2501, BAETTA ST B 1-



72 FEEKOEVHERE

phonon jR#EIZ 2%,3,4% DWW TTH5. ZDEMT
2" OBESb - b MONTED, B-BKDOE
— RIS LT VWA, ELTZDORET R vF—
® 2 ey dFFic 2-phonon MIREEHS, MHEVE L DFE
LB THDIB TS, D& S 2-phonon DIR
fi3, phonon 3 Bose fEticfEHC EMhD I=0%
26, 4% OHMHS>bE. 2=2 @ phonon h 573 AR
R E2-Ei i £2 5L, E2 2T hE— AV M
Qo WCHBIT 2D T LH® phonon Z{E-72DHE LD
TREROL ICOATREICE D, —FRFEROMX
DEDPROREVEBRREEZ 3. chicd LU THSR
e—Av Mt gl BEEER) TEbIhEN56, W
HEUAOTFATIERZTRT 0 Kiibh Ml-K®E
BBz 5.

NS OARERFROREE» LD HRIILT
WBESTH D, HENRRBRELEZTHDEID
LN DOHhOR—BEDOHFEET L LML (ALNTL
3V, zho2EHNTHLE

€i) 1Mo R © vk 24 4% S0t 0* T

2T, EDXINF—EB IFHRENO AV~ &

OWIE, FHLT 2.2 T L8815 2.5 T TOMER

5.

(ii) 2-phonon WREEDHBRIRBT THT, ZhdHD

UAUERLIC DT (0%, 2%, 4%), (0%, 44, 2%), (2%

0+, 4%), (2+,4%,0%), (4+,0%,2%), (4%,2%0%) ¥~

TH - T B, BTFRICK Tk 2t &£ 47727 T,

0* MZORBRIBNEVITEBEDLONTWV S b

DbH b INODOIMEAMI (254Y) » (@2 TH

3.

Gil) Y-#ihic & AERBRRI
B(E2:2,*—>2,*)/B(E2: 2,*—0,*) =1~2
B(E2: 2,*—0,%)/B(E2 : 2,*—0,*)=0. 1

~0. 001
B(M1 : 2,*—2,*)/B(E2: 2,*—-0,*)=0.1

Gv) 8 1EiREE 2t © E2 £— A v Md, —kkL

FHERMOEORME N SIMEMNDOREITHS.

ABETHRANTELERUTOE G, ~Ivb=
FTYORIKEENTVWEIEEN T A—FBERT VY 7
Wt p—2 ChERpBTEE, LEEOBEMEREN»S
DFNAEFPATACELH T EVIBIESL D LTI
BOT, BHEICINOOHFHNDOIHEELVPAZ-THD
cEizlL& .

1.2 BRRMREEE
REIOILHFME AT 2 2 DICIRR SN KBS,
QBRI KT B EMNTEE. —DRCDBREDH <
I THEFEHORRNTERE LT EHDOTH Y, T
RS & — A & ZBE I e TREILTHHOTH
3. BiZss WILETS-JEANY 12ih% D, #%¥EH GOLD-
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HABER-WENESERY [CHhF 2+ H &L Ao T
WA BEBAR7 PAORTAISOTNEHINT S
LETHEDO, YREZON DN EHEFENISMER,
HEREBZRT B v b= T v OrhicR 473 IR
HABATEENICETHE. £ LU TH DO
WiE, EOXDBIFTFRMEAFBATIMICK - TR F
3.
WILETS-JEAN® 28, I HBO FEHED - &
£, BRFVY N LCE & LCE-BYIh AL
DiF —CBB, LW HIFMEAHA L2 SIF L.
LU oBERTR, @454 BERL T T0t 221
BEnEA~NH B, F i, MI-#E® & cross-over
transition {374 % 5.

5 DH - L IEFRMBERIA KA S0 T NER LT ¢
TA—=2 Y BEET, BEEDNTA—F BRDOTH
% By THRNCIZBEDBRTF VY s VEROIN, 7-
dependent MIEFFMIAEAEATNIZ 2F & 4% OFFER
2R T ENTx%. TAMURA-KOMAI® |z 0¥}
- T

5 C(B— B+ (B~ Bi) cos 37 ®
DOHDORF ¥ 7 vaFNT MCd itk
FVF— o« URWERRE L. Bo5hic LA
ECH<KEMLNDKEWQY) THD. 22T ky B 123
ROP2HTONESIETRET 537 4~ 2 ThH 5.

WIEETS-JEAN % TAMURA-KOMAI DMERICEBINT
EZZ ONIEFMARTNTRTF Yy s e 23 0F—
KCHTELDTH o7z LOLEBHZALF-FHC
JEBRITNE N EN S RIS Vb i T, KERMAN-
SHAKIN®  75Z OFEDHEEEA L. o DRERNISE
2513, IO Bohr A TR A 5 —BE LTHAIN
72 B C 257 vVVEBIIELT,

B—B,,=(—)"0u-, B+ 2u2v|2=) () a, B

C—Cp=(-)"04-, C+Q@2u2v2—D (=) a; C’
te4rckichs B CB,CiEixhs—BT, B,
C' 3 B ClelhgLTHa/hs0nE LTRELTHE
51 2 IETMBUL

- 7(5’3/\/%(_)#(2 21| 2— W rm e ay

2
*é%f T @212~ am s aw (9

L1 3 (o= Jha/C)- HOSIIEREH “Nic>0 T
OEHDELELREN, HHEIT T A—-2DEELZLRCE
KE->TVRVOBREMNTEEC L AR H L 7. i
2-phonon JREEICDINT E@CYH<EO,NH<EM4,™),

EOMN<KERH<EMA™) BLU EQ")H<E4,")
<E@2") O3BEHO#EVAVOIEMNEBBEZ &N
RN C &b ote. chiZfboEEIC h_TE i
EAERREBZAZEIKIED, ZOEKTIhESAD
D1 ERAERERNH L. ULLURAKDREIZ S
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A—BUSEDFRE LBV ETHE. FYIvEE
LTEZONBETRNRT A —2Dh > E—RIEEIT K
3 KUMAR-BARANGER" € X » THIEI N T 4.

PACHEE) & — ok oM IR FERfTIHE LT
FDL S AE L D%, GOLDHABER-WENESER
DRVHFILHETOTIBRTHE D WHiZ (fr)! L
R d AT NEBERHE RO L S RHEEERZL T
LY EEEZI.

~ 28 D) Y 10, 60 @ut ()" Q) )
Q*, Q i3 phonon Aff-7:DELADTABHETTH
D, (ry0s¢) BT OEFEEEDHT. 3-phonon OIR
TeE TH B AT Tamm-Dancoff i LI TEHH$ 3 &,
2-phonon REEDHIBIZRYT, VXN DNIRLIZEN N »
5 4,4,2,5,0,7 L13B. E1, 2,02 g M1I-R
4% & I» cross—over transition &JEZ TLNVTE 5.

RAZ® [3X 512 KT RICE <A

3hwD(3— (a,+0,))exp(—7r?/r?) (6)

A #J% L, GOLDHABER-WENESER & [B U & 9%
(Fr)? ICDWTHE -t {HDFHE T, phonon O
ik 3 26 ok T ORIk s 28 BEEL, T
non G B 6) RTCEIONZHEMATHEEST
%. GOLDHABER-WENESER I T ® 2% OFE =T &
WX —% Sho LREFELTO AR, 0D
BT i BRIV b D TH DI L, &
Tt Ao BIELISEL TV Ao ANUThTNS. &
e 2R JJDOEBTCE - Ty TALF—HENOKTEKRE
Eb-TWH 5.

NS OMEMNYETE % 2-phonon REBICKHT 5 =
A F —UEN DT Fig 21ORINTVS. 2hbD
BRI 8 LT 2R MR L U S MBS T
CEMLTHE D TTE—C0IHC LD, #liND D
Vi3 WILETS-JEAN o X SRR = iR L L,
FOLTHL CEALLHOREBZYEREONE S
hEWHT ETHS. PiziE, TAMURA-KOMAL iZ & -
Tt A XNt Y-dependent 1L, EHLTEARDOK

3.0
2.5
0" 4+ ot 0+
2+ - 24+ A+ ot
T FIPvi po— 47
E,. 2.01- UL 4+ A
53] o+
1.5}
1.0\..
Phonon G-W Raz W-J T-K B-2

Fig. 2 Possible theoretical spectra for the first 2*state.
G-W means Scharff-Goldhaber and Weneser model,
W-] Wilet and Jean model, T-K Tamura and
Komai model, and B-Z Beliaev and Zelevinsky
model

BF % oG &R 73

IRBTHRINBEOBOPEVIREBE L TH A
5. %7z GOLDHABER-WENESER %> RAZ T &k 5 TH Z
Shi-k i, HFEBEN T ONIBEE LML TH
ABCENBARHEES NS D, MMM G)POG)Kic
E-THZONBLERRSIVES S.

U AL IEMFAE BRI DEAICORIE
2H 5. FRIFHRACHAIREED phonon D¥EW <
DFTHRE IO ENSITETHB. o & A Ker-
man-Shakin (€& > THEASIhHEERICODVTEL
TH LS. IFEERER a, r % phonon OFHEFTEL &,
®RiE 3@ phonon FHEFOETHT 5. T12b5b,
4T 1 i phonon O D& - 7-iRMEL, 3EE ST
RIERIC @) CHEIERTH B, Lich-T, 2-phonon
RELEZPEA IS, chiRS5SEHA2NIEE6MAD
phonon RMELEBEHEICKEAL TZOEBILITLDL
INENERVWEZII. ETEHFHOA triplet states DL
AL DONT, 3DDFESRIFMNBRLNEENI T E
ZRUIDE, ZOE phonon RIED & & v 7c & fNlkk
TR L -TELNLSDIAML L. LHLIE
Mo, ZOXINREOHET FVF—E LB 0EL,
PR T 0 IR EE & ORSICMO A B/ ERBELET 2%
T, LMo TZ D& H1E L phonon JREEEEZ B C
EHARERND 20 E DRI LZERENCE .

ZDE T, choDHRICRE {OBEPRHEE X
MNELET L. Thicbrrbod, —HICKEHIEEBT
FONAEVARELH LI THS. B mEEIc KL
5L, BHFHTENENOEHELLOAE
BALTWE020TH5. LD AxICE T, FHMIRE
PODOTNEHRET B DICHAIW-HEEROR %
FEWHDLERDEK DL B,

(a) EBRJER; : phonon-phonon,

particle-particle {HH /£

(b))  F-EHE, T-REEW  FEBIC OV TDOHFAM

HBIU V-ERESGTHEEER

TR O BB, BREK TS “-REEK T b
HicHEREEE L ToRHES > T 5. WHOEND
BoXxDbhr3Di, -EELTHKELINLT, 0F
M 24 hoRENT, LEVERRECRR -TL
EOLACRLNG. TIEBTREZEORINEZZIEAL
SR, HEHIRE AT A FE TR, f4 OBEFHMR
(@) o ®) IKHIET BT TH-T, L DFFMICHILE
DB T EITK - THMMIEHEEEZADIHT T LEBT
XEhd LN, Uk, BICGERAL TR NRER
SN &id, —DOMET 2-phonon REED £ F v F
— RN DIFEFENANAEZ B LRFEFCETHILL
ENHTETHB.

phonon-particle,

1.3 Sawada FELEEZFDORHIE
BRERMOBETIE, b LFEREO—FBEBRFONILEL
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Td, WAINI T 2 — 2 DHEELE IR S5
T B END DR - T B, SAWADA (¢ X - THE X
17z Random Phase Approximation (RPA)® (3, i
D IREPRIED IR E 1, 1-phonon RAED FL]
WA SRR A B X B, 2 DELITENZ Harmonic
Approximation & $IF I 2 & DT, WAUREIZFCRT
3HETH B CORMCEDE T, b - &L pho-
non REEDHBRICEWBALL I EVIHA LD L DAE
wkoTtixht. UL RPAicd &353R Y, Bohr
DOEHIOREMARY brOFRPLEINLEEDELL
OISO TH 3. #Z1E 2-phonon o FHERIEIZE
B 2o T, ULl TRED 2° REDOS & H &G
DT HNF—DET AT 05,24, 4%  triad 2832 &
W5 1.2 GBI BRROT < THENELLD
DT, TOFMAX7 bDPLOTHTHYD, Db
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EHPLBAL IR EDOTHRI RIS

RPA CTRHEL TOIHHERANS C &1, BRWKE
BCHhBEMIEEA LI EEASREZEELE L > T
5. LrL, COEFMUEZRT 2DI—EDHEN
HEHITIRIEL, DREODE DB P DI HREB R
DNTVE. ZNOEERMBIC2EDICRETEC &
NTx 3 EHES5. 123 TAMURA-UDAGAWA!Z
SAWICKI et al.' KREFENEZHFETHSH. ol 2-
phonon Pl F O E W E#IRIEZ BT 2 Dic, RPA R
BWYTECIELUTH D EVHIUBIIRIL> TV B, L
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U USRI NIRRB D HE T R &0 - T sk
H LK. 2 DT ONERY A\ E&IRE OB
CEIDRIE, £HFL2 ERTIH5DE LOVR
WZ ETHAD. O aEiid BELIAEV-ZELEVINSKY'?
T, RPA A2H—ifl& L TR IERFEMYI% phonon
BFTHObT LI HEARB L. CoIEBRMIIL
HERL T3t boson (phonon) M oD FNAEEET B &
K& - THON 5. JEWFIEA phonon R FTREYT
B ENHIEE, KERMAN-SHAKIN 1240 81 54 im
Kb & I ERIELTNS.

— D DOKET 2-phonon REED T 4 v F —HER DIIE
TDDLVARLZ ERBITICLT ALY, i
B9 Tick~ie. 2073 TE KERMAN-SHAKIN D
BRI b-EbEREICEATED, bhbhicEREE
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0,*, 4%, 2,") OIRNLOSBET, ChEEA D &M
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b, LELVEBMBHREZFIAVREECKRE(NLBCLE
DB 3. EBRONENHERICIE 2 &V 5 ¢ &1, phonon
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7% Bose EEHCE Y HBET-THEEWHT & &, b
ORMBEOSE MR LALRESNLTLES. Ch
1T phonon-# B D fEMHD &L 572 b O T, TAMURA-
UDAGAWA SR A I C DI A B TE 1D HENHD
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EEHREEINDG. o R LU, o% i3 Dirac DR ¥
Y oo iKEHLWY. s=01251F k=2 &0, T i3 sphe-
rical harmonics Y, e L <7 5.

WEHAI Vv b =T v ER2EFL I N BicH
%, Zhic Bogoliubov ZE{i2® 24775 o TR F D

F LT B,
Cint*=Ujajn*+Vi(=)imay_, 10)

Uj, Vi i3 & {# 5017 partial occupation %3 3 (%K
ThHb. ERINLBEONIV =TV, ROLIIKC
HiF 5.

H=H,+HY+H®» +H®= (11)
T
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Fig.3 Energy spectrum of a spherical even nucleus
plotted as a function of the interaction strength
re, Scales of the energy and interaction
strength are expressed with a unit of %w,.
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Fig. 4 Energy spectrum plotted as a function of the
interaction strength I"®%, The interaction
strengths I'*" and I'*® are -0.2 and 0.15
respectively. Scales of the energy and interaction
strengths are expressed with a unit of #w..
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Fig.5 Energy level orderings of the triplet states
(0%, 2+,4%) plotted versus the interaction
strengths I"®% and I"*®, The strength I'®? is
-0.20. Scales of the energy and interaction
strengths are the same as those in Fig. 1 and 2.
The parameter values in the region separated
with the lines predict the energy level ordering
of the triplet states shown there respectively.

0.2r

(1)
FOIO

(20} TN
i r \ 7N, e
01 \_ 7 ‘\Fgm

F(?Z) 7~

-0.1+

—0.2
Fi

g. 6 Strengths of the phonon-phonon and phonon-
quasi-particle pair interactions in 'MCd plotted
as a function of #iw,.
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TABLE2 Values of single particle energy €5 (MeV)
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Single particle 0. 00

energy £j (MGV) 0.42 | 1.90 | 2.20 | 2.80 0
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Fig.7 Spectrum of Cd compared with experiment.
The values of the interaction strengths used to

get the spectrum are those which correspond to
hwo=0. 7.
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TABLE3 Comparison of theoretical and experimental
values on the electromagnetic properties of **Cd
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single-particle) 34.0 35125
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BThd %/, HhOFM D, E, - bEAMRTHS. &
KMBELLE2DOTLIREHEE LD T LR LM,
ChhbhBBELOH B0 D, FV ThahrdbLhi
V. Zh S ORI

_ 1 /2B,w, \** 21) (30
D= (25) e
W =i<M ooy PeLD
U =53 )(F +r
+§ rez:ny A7)

L5,

bhvbhid, ~Iwvb=7y A REWFEA L L,
microscopic IR EMWTENANET - H 5b 7
Bohr oI b=7r e, ZhhbodThi52 53
TR ERDDLCEMTERLEVZLEAD. chbid
[ & IR I U TARZER, b » & b—RIEHER
Ko TWBT &b b, V-EEEZRFFICEE X
NIRRT ER L,

ax=Ya,D,*(6) (48)
ZLUTAREDD B Y-ERETAT L LT 5.
a,= fcos?, aﬂ:?/%sin’)’ (49)

H, iz Bohr itk - THTIREINI- LS, "Dk
Wik e ENTE B

H,= Tyt T+, CB* (50)
T
Too==3g{ 5 up Pup
%?\113—’)7 'a% sin37 %} 1)
Toe= ot 1 (52)

LI

FERMEASRKICLT, o THLZENTSE
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((axa)® -a)————,\/gﬁ%osB')’ (53a)
ZF(J) ([ax a] Wy, [axa] (J))

_(lpn, 2 18 1o g
—(gF‘+7Fm+§§Ffﬁ (53b)

LB EMDM L. V-G EEANSDIIENT

x OU{IEMT, FFRICERE U B BT 5 AE

BRORDEFANLSDTH .
nIZiBw‘;a,<2v]I/c12/.t> (54)

o, ZAEEOERSTHS. COFEESUEMMTIC >
WTIRFELHIC ORI THIE0.
NInb=TY H 3PNRGEZE5156DTHEH
5, bbb ZORBIL OV TR A>T ED
ThHb. LHrLbH>—F WILETS-JEAN IC UTc 48 » TRE
EEDTHELD. BTE—IC

H, ¥ (8,7, 0)=E¥(B, 7,00 (55)
IR DT IED, B Y BRNERICHEET AT -
TW3BDT,

V(Y 00=F(B¥(. 00 (56)
EBloEMsTEsd £LT (65 R

s

ﬁz

(Bf(B)=E(f(®) 67

1 o . Jd , 1 I

ety ity

3
. (D(’Y, 07,) :A @('Y, 01,) (58)
Ehld b, L THEHE A

A=v(@+3); v=0,1,2, 3+ (59)

KE->THZBNA. v i seniority TH5. #HS5MH
0—)%?& I’ M’ U, Ng, Ny 7})3‘%@, @ 6i

I
0% =195 n M) Dewt 0 (60)

EL T EMTE .

a-FRICBO T, phonon 27 MR oN B DI
T Ei

E=Q@ns+v+5/2) hw, ny=0,1,2, - (61)

L1375, (AD)ROEMEERIC K » T #d arFRICH =
REBLEEITELDE, ThiFLTLHROERTS
5. LT, CoiibE—afict - THFEFAMEA
(46b) AEET BT EHMNTEHEL TS, phonon-FKIiR
THRONHEREAALIONBEFOLNBICT FRLVE
FThB. L AHENEMICIEZE0T, FILEPD
HTn. FhTR B Y BREE - TEHLTHAR
LricHdiErsh LA THE LD WEL
L UEOWRENRAEIL, phonon-FRTHohi T &
MNTExB. LU FERT "-REEBRTFHKI,
phonon ERTREEEHLHT L EMTERL. Lichis
Ty B V-EHEME - TREREETERDLI BT I
RHIRVDR, BEEELTOT Y-REELBKTH S

BT i ok R e 81

ENDHT ENTX 3.

b BERE B ELED. COELDORE EE
RBRWBIC, p-RT VY r g CEELC(B-)'EE
EDPABLENE-T BN RBKRDO K SICL 5.

{;l%(“a'a";ﬁ‘ <v+l)ﬁgzij£)")+%c(ﬁ— ﬁo)z}
(BfBI=EFf(B)] (62)
Fig. 8 |3 3 ¥—HFD B, ~D dependence % RL
T3, B=0 D& X5EAITHIR L TV e triplet states
0,%,2,%,4.9) 3, B MRELLBICONT 0,* 22

(3,1)0,3,4,6

EAw

]

Fig. 8 Surface energies as a function of the potential
minimum zo= (Bw/kB:). The states are de-
signated by (v, nf8)I. At z,=0.0the spectrum
is given by E/fw=2ns+ v and for x,>1 by
E/fiwo=npg+ v(v+3)/(2xo?).

ERBRGT 54N XobEVpRRELSS. B2
iR = R v —BEM DEAET, 2,4, 4, BIBHESE L
TEET 2, T T 0F BV ONERFRE
LTRRLADHR TS, ZOX 5 HDIIY SN
V-REEDORFHEVZED. TNENOREDORET
AF—Z, Bo BTHKEOHIUC B TEEIIC

E/hwznp+—2ﬁB‘% v(v+3) (63)

L13%. ZOmPBIKBOT, 01,2545 6% DL~y
sequence |3, v=I/2, ;=0 THBH >, TOHET X
WEE

E, =R Pra+n+ 5’;’15*’ I 64)

OXTEZONS. ThbE, =0 0L XIEMRD
IANKE— e UNVTH o bDH, B BAEXLES
KON TR 59, rotational like DR b
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15—

E[/EZI
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0 2 4 6 8 10 12

Fig.9 The excitation energies plotted as a function
of the angular momentum. Phonon and Rota-
tional lines represent the phonon and rotational
spectra respectively. Y-unstable line represents
the maximum excitation energy given by eq.
(64). In fact, energy spectra of 7-unstable
nuclei lie in the energy region separated with
the lines of Phonon and 7-unstable. The dashed
lines denote the observed energy spectra for
Xe-isotope.

iciE3<.

Fig. 9 13 E/E., % I o ELTRLIZBDT
EORE phonon 27 buhpSEEER R PVICES
RCEMTEBPERLTNSG. (64) RTHAILND
Y-unstable @ #3, V-REEHIBED B IBADFE
IANMF—ZRLEGDT, ThEBILSDORIELK
EEZTEVIEAS. EEF— 2|3 Xe-isotope D H D
ThH5.

GNROBKHINERBEHORRKROL SICHEEML
5 EIMTE 5.

M(E2, py="r1® \/—ZP;:"“ aF+blaxal,®

telaxal,?+2d" {{aXxalY Xa},®

+Ze(.,){[7rxn.] (Jlxa*}"(zl (65)
HUE—EMBEELET, TOMBIERFMBREE LTH
TxhdbDTH3. at i

a* =4 {Dm* cos 7+71?(D,,2*+DF_2*) sin v}

(66)
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s { } OUPOLDR, bedE v=1 I=2
OEFEH ¢(7, 0, THy, ® OEXKENS E2 @

THERTEERBICH T DO IR, 77 v=],
I=2 QRRIBIZFTHB. LIhHoT, F—ELTIL,

GE)RDOFHEIFTH B & ADHAFE—IIZ cross-over
transition iT5 U CRBICHE BT EBb M B125 5. B, #8
K% {73 - T rotational like ® X R7 WV ICH >TH,
V- IC DO WVTI), T-REEKRIREKOREREIC
PiHEHEZDEE S > TN 5.

Fig. 8 ILR SN AHHRL IRAEIR, v E¥EaOHEE
TEFRERS LK 2T BEREZNEMBENT
&%. 83b) @ B % (f—B» &BLIHOIR, HE
I TAMURA-KOMAI (€ & » TEAShHEEMA
& p-dependence KEBNWTEM T3S, T, bbb
NOBAKI B IOV T3EOEEST B3a) XeH
BT aPE AR OO TR st A vFEF—-FRMAER
SEICT Bt d, MR (B—Fo' 2ot B3b) 2%
BURBOhEE SN, ChsDEOWREIL, 4HRICE
INIHETHB.
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2. Te, Xe, Ba Ffif&ic &) 2 “HEOHEHRRIE” ©
TR FT 2 —2o DA
BEOO®W o B

2. A Possible Description of “Rotation-like
Excitations” in Te, Xe and Ba Isotopes

YOSHINAO MIYANISHI**

A possible description of rotation-like excitations in spherical nuclei is proposed
as an extension of the random phase approximation.  This is done by adopting
the some new amplitudes in addition to those considered in the conventional RPA.
The physical meaning of these new amplitudes are discussed. ~Equation of motion
leads formally to the eigen-value equation like that of RPA. But it is essentially
non-linear and should be solved self-consistently. Numerical results show that
the energy spectra are smoothly shifted from the vibrational type to the rotational
one, as the strength of the quadrupole force increases. The deformation of each

excited state is discussed somewhat in detail.
We adopted the single j shell model with the pairing plus quadrupole force
for the sake of simplicity, although the essential point of the theory is unchanged

in more real case.

1. FAME

LA DTBIEW DML, HTHRDOZ L OFLNER
EhhbiicitiL T a. #lz i MORINAGA et al.
L& -TY, SETRBEBROKTHSLHFLONTY
7z Xe, Ba, Te ZO B4 iT BT, < @ neutron
deficient 73 RN A DEFRIRIBIC DR D K& LAV %
o IOIREEMTEFAE L, Th 58 BlEEHY7S energy spec-
trum %SR9 EMPE LM I (Fg. 1). Z0DH%,
T D& 573 AR R 12 AR BE SR B ARIR D BRIEALIC D312
DIERICHERET 52 EMHL I 13D, SAKAL [3EH
KRR T — 2 O 5, REFUIRD & EREEA~ D)
AL — IR 4 B384 & LT “quasi rotational
band” &\ SRS EEAL LY.

bivbhid, hS5OEMICIY 2 &R 73 kR
Ms% 4 2% @D anharmonic effect ICHET 2D EEZ
T, #%® random phase EPIEIRT AT LiCk -
T, MBHREBALL N SOBREERT 3—20H
HERELEY. DTZ20EBOMELZO®ROLED
RBESHDTHRNT 5.

2. RPAD IEER

2.1 EXNERE

AR 2T T, BROAREETE51E0H
T $ 5 72 01T, Bifli{k X172 Model Hamiltonian § 73
HEEMEEIER & U T pairing plus quadrupole force
AL, H—ulsEE O THEmT 5.

BOGOLIUBOV Z5 #t % 47 7% » THAMEAEM 2 LA T 5
&, Hamiltonian kD X 5icis 5.

H=§ fEaytan—3 13 QutQe (1)
2T apty an, BENEHHENTORE, HRERT
TH D, Qu |3 mass quadrupole moment DOFH.TFT
BbH. V2E, y FHENFORE = A vF—-BXU qu-
adrupole force DX EZFHbHT.

ok FORBEAE T RROMEHRI NS,

A=t 5 Gimmi| IMY amt am,

V2 mim,
Byyt= X {Jimm,|IM)amt-(=1)/*m2a_m,
(2)

* oz OER, A LRI, U GLATD), EFF (KA, #ik (BAED), Wl GIAE) RS JUEEHICI - TH

HRINHERAOLEEL T L DD THS.
# ik Kyoto University
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(12f) 3710
(10%)__3710
(10%) 3350 01 3391
(0%)~3260 T
{107 ~3160
2000
8* 2785
2600
8+ 2445  FF omar
gt a5 @ ——— BT %3l 2310
87 2229 =
. 6+ 1745
M v X
I 6% 1645 o
6t 1479 ———==
4t 1203
+ a50 (0%) — 1
4+ =106
+ gy AT 880 TFgm  2F 9
" 2+ 5%
444 ER—
2t 337 pt 3 2 80—
ot o ot o ot o 0+ 0 o+ 0
122 24 >
fiXeg % Xern BXen % Xe, ‘%?Xem

Fig. 1 “Rotation-like excitations” in even Xe isotopes
observed by Morinaca H. and Larx” N, L.
SAKALDISIEIC LI hs - T, 4RI LT 3R
HEAS—D®D band § 75t ‘“quasi rotational band” 7%
BLTWBEREL, thb% [nLL) TEDF. ¢
i, L L, BROLABEHRORESIBLVZO 2K
NEROLTETE nl345% L TV 5 band 2#Ed
ZETHTH 5. bubhOBEBORAKWIIEZ D
band WITBNT, KD amplitude A3 fihic gk U TR
WEETHDIE, LEMN-T, x5O amp-
litude DB THMS 52 ENTHTHZEV S ETH
b
{nLL,|A,yt|nL'L)> \ (with
(nLL,|(=1)*¥A,_,|nL’'L/y | L'=L—2>0),
(nLL,|B,yt|nL'L))
(with I=0,1,2 and L=L").
BLHOZ20HO amplitude 3, 73D RPA CLk 3
phonon R TCEEBEINTXLDTHD*, EHBODOZF
1% anharmonic IR E L Thbh OEIGTIRA X
AP LU amplitude T & 3.

“HEEEMRRE oRicH T 3—o0RS 85

CNSDEER, MECLTO2EREN—20
band %485 L, Z® band AT phonon {37545 RkE D
spectrum » 5, IEBENATICIZINIR Z 750> anharmonic 73
DRICEOFTNDBECZEO B EEZLEDITEN
T, ENBEEREBRTREL 2281K). 4%, oD
ZERINSDREDORYIEE T CIKIIER L. £
i, TOIREICHES U7 consistent 7EFBHIE T F
TREAFRZLEHE I 0 EIDIR I > TRIFS L B~
ETHY, T/ L EAHENREZIEELELTH, £
DARMEC DN TREEIIEShALEITH Y, 351
EATIRBMBETHZ. THLEEEIODIDOIO
HRR—D20RBOPE . U URENLBERD
FEILLUIROWBIRTIE, €9 L 22atEd» & KB 5L
BiR% attack 232 & 3+0E%MNH B EEbh 5.

2.2 New amplitude D¥IBRGEBE
RPA TIRHENTFOAEREE T OXA boson & 75X
N, LD 5T, £ O superpose {C L - T phonon %-4f

DL EDBTARETD » 1. TIRHBFORHE &
(Azll’» Au{ﬂ =0mu'
-2 Izl:< W CMIK|2M'>B, , (3)
W,= BRI+DWiI2; 2/) (4)

KBNT Aoy’ Aoy) = 0w EWVDEPMIT SN
i3, FEERE [0Y> L E—hTiREE 12> 0 & %
#Z 5kcid, ground state correlation As/NXINRD
FEMTHB. bhbiid, exact HHEE (3) o
SHFEL, AAE2TCEBY S By 22 D BEE
(nLL|Big|nLL)yCFH§ 5. @ amplitude /1
& K734, UL dREEIC depend 327010, HET
A,y B3 boson [A75 % D 5 HHNT T - 72 b DITEAL
LT EZBZBDTH 5.
(1) I=0 oL
DYy {nL| Bet | anL)** 13 R1E (|nLL,> it B}
6@*1?0) number fluctuation ZFbh4. WE, Lk
T%(@fﬂ?ﬁ?% N L9 5BE
N= @j+D v+ V27+1 £(A,T+A,,)
+242j+1 pB,,1). (5)

72120 &= V2 u, q:i(ut«vz) <k D

ROWNTFHE N L35& <nL!‘N\’nL> N kbb
NhLhOREDTEEAN T (nL[Bt|nLy=(N—-(2j
+1)v’J/2J?j—nLTv &tﬂ) (nL{B}|nLy 13 L itk
SIWOHEN D 5 BCS Fifmic B8 T (27+1)
?=N fa‘é%i}xb, HIERIEDS BCS O #H &
iTid (nL|Bit|nL)={n0|B,}[n0)=0 & & 13+ 5.

* M BB TO exact calculation IZBWNT, [EIER L7 Fvhs seniority @ BUNVIRAEE LTHDLIEY 2 i3zolo
amplitude OEEHUZFOBKTHEREL TV A LSICBEbN 3.

**  reduced matrix element [FIROD X 5 ITEHIN 3,
(LLo\T1x|L'L'sy=(L' LI K| LL;y+<L [T1|L’>.
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Lizhi 5T, 4182 D amplitude i24EH T 5.
(2) I=1 ois
LMEHEROWETE Jx £T5E (=1 OHAT)

Tx =/ 53 G+1) @j+1)- Bugt (6

ThHDC ERRBWCHENTE A, W, anharmonic ef-
fect & LT, ¢ ® amplitude DA ZEMT 3 &, WRE
F Apyty (—D¥-A,_x, Bixt 1% effective i Elliott @
SU@B) HA® oRBEFREWRET A ENRESEY.
L1zd =T, <@ amplitude iZ[MiEHy i Biicifsic AR
IR AH > TN ADOTRIEVAEHEIh B, (6)
Ko

(nLIBAnLy= VICLFL) [\ 5iG+D @i+D).
7

(3) I=2 o¥4&

T OEAIIROD static 73 deformation RO X Hic
S 52 &M TE 3. Mass quadrupole moment @
BETE Qu T35

Quy= g (Asyt +(=1)*"¥ A, 4)
+2g9B,ut. (8)
7L
g- (—=1)i-m2{jm,j—m,|2M)
=(Jm, |r*Y 15 (0, ©) |7my).
Licht» Thhbh OREDEEANT
(nL|QjlnLy=2qn{nL|Bt,ylnL). (9
FEUOEOHEE spectrum T3 deformation & U S &S
HEAWTHD. FOEKETIE, O amplitude &, [
H R EERREERTOTRRVWALIBES
ha.

(4) I=3, 4 DEA

ZOEACRIBRECHET 2RY YR ENEY 51T
v LTV Y, Y, BEEBEBRST S ENTE
308 HMOOERRESDEC AH T D reality 23
WE LkedtoT, 2h 5D amplitude 3—BEEH O
339, (EHo formulation OEEM LWL, Th
5o amplitude &% % & &I A SREFIZITV).

3. HEOEXLEIBEHEDOER

BOFHD YD, bhbhoFH U <A L7z amplitu-
de CBE L TROBZEAT 5.

B,® = 4% .#fﬂj(m IB,fjnLy,  (10)

o= 2 . JCLIDCL-D
VY L(L+1)

«{nL|Bt|nL). (11)
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BP itonT (7)) R&D
L — 1 = 10/
B V2iG+D) (25 +1) Ay 107

L, LITEonEERSE. P T2 TIL,
JEEFDCL-D _ 10001 L0) TH B C & EERE

L(L+1)
4 2% &, static quadrupole moment &
(nL|Q:|nL)=— gy VI4(L020| LO) B, ¥ az

&b, BUEDOTHDE 2o 'Y B3 Lic
depend ¥ 2 &EZ 5N b, W E, extreme case & LT
K=0 band @ [A#EgERZRNT (12) ROLDEFHE
T35&, XlmohiBEHEL,

(nL|@.lnL)=Q,-{L020| L0} 13
%218 2. T Q, 3 intrinsic deformation ZEH 3.
L1zM-T, L “quasi-rotational band” i€ T
¢, intrinsic deformation &\ AU LIHIC BRI 9
3151, (12),13) XD

o~ 1 1 -

B.'* =_m"8;'Qo=ﬁz 14
E120, B P R LICXOBVWEEALELDS. b5
ATOEERAPOC E TN, HHOIHICT
13 (14) XML T 5 & LTE#metEsd, KE
T B, @ L-dependence % & iZikiED deformation
LRI ETEL SRE .

12| W
Ll . . \‘ =8¢z
£ j=3£, Particle number N=4 &
51./52 ! R

W2 B |

1o €2 /E ‘i —110
/"’ !
A
. |
e , 1
Vi 7 :

7 L=6

7/ . |
/!
]
/ ~ 1

¥ / pd / b Hos
H
.———'7/ ‘/ :
e e— / - ;5«;;\:

I W / L=4
N —— =2

0 05 10 15 20 25 2716 gygre

E

Fig. 2 The ratio of the energies &z having angular

momentum L to that of the first excited state

€L_s, EL/E; are drawn by the dot-dash curves

together with the ratio of the first excited

state to the two quasi-particle energy, &/E

(full curve), and the quantity related to the

intrinsic deformation, W,B, (dotted curve).

The calculation was made for j=15/2, and
particle number N =4,

* SR Y ERICOWTIRED reality B8OAVARBKERUOU THERIN, COFARQCENTHRES 2HMEMT I

TWOBH, FRFENTRRVI S KEDN S,
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2. Te, Xe,Ba fifrikiciid 3 “HEERZIRE" OIBICKHT 3—> 0l 87
Ayt & (DY Ay OEFHERNZMED, R HedboTi2EMbrs. (200 X (Baid (22)
BMOHEEZDLNONOERNITIRE @D I LhH->T, R) 1E B, WU TAHEMIC nonlinear 7 HBRTH
spectral decomposition {773 5 ¢ & IC K DIEXITK vy, self-consistent [T M X T NIT I S, B D
OEBFFEXRZES. explicit expression {2
w0 ¥rr =EWLL' —x9°€* Be=2(d*1ors =0t P*Les 1) Wa
(A=W, 8,—=W,8) (T +Prp), l THZbhB*.
0p Py = —EQ)LL’ +x¢%* 15)
QA=W B+ W, 8) (T rp+@pp),

@3)
COREDHEHL I E DIC 20 ORERT oy=1/

with L'=L—-2(>0).
1": fi L/) w‘LL’=<nL”A2T“nL>: \

@ r={nL [4,] nl),

29 ) (L(L+1)—L'(L'+1)), 7z#2L 9,=h*/2ZE &
! .16

| (16)

B, Ryy=L(L+1)—L'(L'+1).

730, z-l OBBT o =0, 120, &4 pure 73

rotation, vibration O X F v F—~2 <27 FLEEHZ 5.
L7zd5-T, 0<ax<]l T “rotation-like excitation” %
an Bar LIRS,

Fi, wrp=er—er (epidRBE|nLL,) O x0F—)

TV E 13 deformation it X 3 { Y & A% S I HER
FO pair energy TRRAWC L - THZ SN 3.
E=E—4xq2vZWz.Bz

=E+ (4/V14)W,3197Q,.

M Fig. 2 K 250 T 3.
W: i3 (4) RTEZIh TV 3.

18
BHEFEREIOICRBL X (ERET 5HIC
¢LL’=WLL'/ x/l—Wz,Bz—-W‘ﬂ,,

o TR by } 19)
Ot =Qrp/ Vi— W, 8.+ W, B

EB L Yo BEY oo ITHT 2 HBERNRRATE
Zbhs.

BT B8 Cxe*S*/E=1) i T,
transition 2381 B EHDIE L T,

NI LD BT EIRFEEICRBREN.

j=15/2, 5F¥ N=4 OBEAC D>V TOHMHESED

energy spectra (I X
ML IEBICONT, RAL—RIT vibration » 5 rota-

tion~NF&fT L TV 5. spherical 73 Hartree base ps:R&Z
iz

L 722 » T phase
intrinsic deformation

MEICHALIZ U, rotation-like excitations #sHEd

Real 7112 A DL X 1 72 FHE D *Xe DEAKD
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3. Anharmonic Vibrations in Spherical Even-Even Nuclei

TERUO KISHIMOTO* and KIvyoMI IKEDA*

The studies of anharmonicities in the quadrupole vibration are reported. The
quadrupole moments of the first 2* states which have been recently measured by
heavy-ion Coulomb excitation give important suggestions on the studies of an-
harmonic effects. The systematics of the quadrupole moments of these investiga-
tions are very important as a crucial test to various phonon models. The
recently proposed model of anharmonic vibrations is summarized and also its
relation with other works is discussed.

532 L

Wb ZREMER DR 4 KO BERREBEHV T 2%
LEHA»DZOROERE 1 - 7oA, Bohr X
LIRENMER 0D 5. R REORBCHBIE, €
DOFREOMIEEIRELEENCH Y I 5 EFERL, R
K ->TV3EW0IBDTHE. TNEFEADOEDY
OWUMREITEML, #AFREE L TEFALI. Hl
g 2+ RERD energy (fw,) &% LEEREAND
E2 BBRBRCEDNTOI2EAR 2R LD ETEER
FHEZHRATE-OT, FHAORGRE IR REN D
{EEEREEE AT 2 DICHEBEUE L TROBEHTH
pE@Hoht. UL UERICELI T 2 IERTM,
72 & Z.1¥ two phonon triplet states ¢ splitting, cross-
over E 2 transition (B(E 2; 2,*—0%)), phonon state
R M 1 transition (B(M 1; 2,%—2%)) 13 E2Hil]4
B DICEETMIR#D 5O ThEBRICANSLEND
st 22T, RFOBHEZEAL TRTFHEOMEEE
F, RiF& phonon & DiEETEA, phonon BDMEALE
RAEZERLID, BELEBEZRLICDTIERSR
WISERIRIB I NI, WIh SNSRI L I
HBEZEMBTEL ST

Z 0%, FERNBEERORRICK VFETHHBEERIC
HUWBRENBELNT.. 20— BMIEHTER T Bohr
OREBBZIBMOBEPZ L X I -7 &THDS. H
FEREEE L TR A ORERESR AE#HIN, h
% base L LT, MMOBHAYDHLEIICE DS 55

SEEORICIREES, random phase ) (R.P. A) T
WO/ D> ENTRICIE 7. THbbL, B.CS +
R.P. A 0 TEAMECEET 2HERRBIREOM
BoOBEMRE Ehic. EREFECEH b IFERETEIH
MiRED O OEHN BRI RTH 2 & TR Z0%K
ZOHMTO R P.A ogESBEAS LN 5B L ERHITZ D
AP OFEHEIBRIN. LrL, FREEN ST,
FRFHOL S EREKZRTIE RPA BHTLAEL
R TIRIE L, HBEUERANMIIRBP B VERETH S
CENHMENBICE 572,

Fle—0, REERE EERETE 22— R 5308
OISR EEZERT L ENTE L. RERIKD
B L 2 RESIREIREE U TEBINICE > T
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Lic& T ATEERKE R OERENBERLN S Z E23E
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KB FHERE LR TH D, EARICERMITE
oL, BEREAOHBITIELELS. KILd, B
M DIE  TIZEIE~D predisposition % & - 1o IRENICTS
STV BIRTTH3 THRHLLANMRHEN (R.P.A)
RIEFFMEAZRL TOIENYH, BREADDLNDE
MALILEETHE. cOoEd by, FAMERRE
P SETEHANDOBITORBOREESBELT, BH
RERLE > THWA ENbhd

WRDOBREBEEOREL X FRENTRL D,
LE-THEARBBEOFE L 2* IREBOUEHBIER
(REY)) OREWTHA Y. hiTk -» TRERIT
BUBLOWEBICA STz, T4bbh, WhwaRIEKE
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TABLE 1 Quadrupole moment of the first 2* state
S8 R ) K| KED |Gy Glme pis

® @ | ® | @ ® ® @ ©
"WRu | —0.63+0.20 | 21 0.96 7.9 0.86 +0.18 | 0.25 1.4
"Pd | —0.82+0.18 | 27 0.92 7.3 1.15 +0.21 | 0.21 1.0 0.1
wcd | +0.12+0.35 | -1 0.72 5.6 0.22 -0.03 | 0.17 5.5 0.13
"cd | —0.60+0.15 6 0.75 5.8 1.05 +0.14 | 0.15 L1 0.15
"Cd | —0.78+0.14 8 0.79 6.0 127 +0.19 | 0.17 0.92 0.15
Sn | +0.40+0.3 0.44 3.4 112 —-0.09 | 0.06 0.7
Sn | —0.38+0.25 0.42 3.1 1.06 +0.08 | 0.07 0.91
STe | —0.50+0.22 | -5 0.81 5.9 0.79 +0.11 | 0.17 L5 0.18
"Te | ~0.30+£0.17 | -3 0.73 5.3 0. 60 10.07 | 0.14 2 0.1
wTe | —0.20+£0.20 | -2 0. 64 4.6 0.41 +0.04 | 0.12 2.9 0.17
""Ba | -110+0.34 | 10 0.87 6.2 1.63 +0.21 | 0.15 0.72
"Sm | —0.73:0.38 9 0.94 6.1 1.02 +0.11 | 0.13 L2
oSm | —1.22+0.22 | 15 1.15 7.4 1.36 +0.19 | 0.16 0.86
Sm | —1.8 £0.6 20 1.85 1.7 1.25 +0.28 | 0.26 0.94 0.13

FEh 2 KBHOKTED QRY) BERICAXNDT
H5. ZNTEINELETH T MBS ARNICT A
W72 < & L EHSIREBICK U CTI2PHESR correlation
D#FRETH B2 Uit L BB IN T BFIRE
BT, Q@Y 130 KNARTTHE. COBEERE
RO TR ET 2 AMRBERE D & - TV B
BIRECFET H2EPDTEL, ZOEEBRMHT 210
WCERRIED S DIEFE DI O DOEM AR > THBE L
RONERORNCEEENRT S, Tabb, £ORE
BPHELRCHERTIEEAEL, MEREFICSLTE
S5 TH D EHIRERITIE SN, ZOEEALS
bhbhRFEBEMPELT TICEERICANIEBNES
MRZIERRAETIE - Tk, 2 Thhvbhid, R
BB LN AZEMEINEREE LN > 5 2OHHED
HEANTEZ L LKL, %7, BEEMELRTUERLE
FICBTE2EBHEELADBTEAFHRE LTV 5.
PTFo®ETE, Q@) OXEBERLERANREEEIC
DT OEMMIRRREITII, fOME & higd 5.

2. FEEEMMECRIT ZEEBME

Two phonon triplet @ energy splitting, M 1 transi-
tion DIFFETL EDIEFMM: IC >V TRhsnT &iC
L, 1. THEL - MEGER (Q-mom.) DRFH A

h L.

TABLE 1 [3F heavy ion coulomb excitation o
reorientation effect W THIE Iz Q@Y BXr
TRICEELHEBERICLIESDTHZY. KO
NZETTE 5. NESRET %

ME 2, ) =rY,. L9353

© #—Q) =55 (2 1m(E 2,0)|22)

Bi{ e barns.

® #f—simple 73 shell model 3tETORKEE |/ "v=2,

J=2) Db D Q-mom.;]Z %9 % enhancement. {2 D

LDICIZENIE EBERIZIL O, FE L order |2 en-

hancement O HZIC1: 5.

® M—B(E2; 0°-29 = LIQOIME DB 1c &

D3R ¥ 7z reduced matrix element 0] M(E 2)([2)

Bifif e barns.

@ B—<OM(E2)|2) » single particle estimate

5.5x1072A%? e barns {t%}9 % enhancement.

® #—Q @) =44/ ZE2IME D 2> £ vk
fzreduced matrix element (2[M(E 2)(2) & @D
OME2)[2) EoDH, (R). Rotational model =
131195 ¢ %. ¢l R, 75 phonon mixing
BEBDPS.
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® M—Q()=-2Qu Q=i ZeR: B+
0.16 B+0(8)] itk ki AREY).

prolate 4 EAKDT.
(?ZR' ) BTk bk

A 51

@ W—B(E2; 0*-2") =

7z B(E 2).

® W—P(E2) & B(Q2Y)) & 0lt. Rotational mo-

del 75 51T Licts 5. T @M rotational model D%

MO RRITIEB.

© f—crossover B(E 2;0*—»22+):%1<01]W(E2)ﬂ

2,017 It X bkt reduced matrix element (O M(E

2))12,) @D OIM(E 2)[2) LDl (R). <D

i R, »>5 phonon mixing DREMSHLIP S
¥ 72 data ORI T TIHAVAS, TABLE 1 ZLLTKD
2HREDNTH I LERT 5.

(1) QY oFSFLEITDNT.

Zh S DB & 1T rotational model Z# A LT, %1
e 2+ REEx K=0 @ I=2" REENET S&L, @
(2*) <0 (3 prolate Z532 (B>0), Q(2*)>0 |% oblate %
% (B<0) &135%. @ model T3 12Cd, 15Sn LIst
D TABLE 1 D#4id prolate ZEiE L5 &icisd (O
%#5). T 7 shell model estimate &&FHDEL BH
T3 NiRu, Cd, 1 8 Te Th 5 (OMES ).

INOMEDLIREREL DONEERT D109,
FFHEKOEEIRED Q-mom. DFE D systematics %
BX59. N 377132 Z 5 2, 8 20, 28, 50, 82, 126, 184
o shell ZEARET 5. 272 fo ZHBRODOETFOK
OBZROBHEICHT G, fo ZhlTFO5E&DE
BETDE, AHROREERED Q-mom. DFEITHL
TIE LA EFINIL CIRDIRRIAER D 32D,

(a) %gf,<l o %gfn<1 5 Q-mom.>0

(b) OSfodaS 73 5 @-mom.<0

8
1§ o<l 755 Q-mom.>0

Z T rotational model 2 A LT @>0 % prolate Z¢
JE: Q<0 % oblate ZRICHIET 5EE A THT L
g 5. Al (a) Z{0 2k RBICE THRL T
HHY A&, "iRu (3 prolate ZE TR, 'HCd b
prolate ZEJEDOF MEHML LTV, BEORENREE O
PN THEAMET ZCERENLENLELOITHS. Te
@ isotope IC DOV TERZOBANCHITE L ST
8, Z=odd & LT '%#Sb, 'eorvreni] g B 2 U
fl (b) T Q<0 L155. coEH S Te o isotope (3
oblate ZEIED B MTRIRE L 3 0VA3, Z=even D7z diEE
IR T,

Lihba ok D18k ('%RU, 1iCd, '22"26”§§Te> Tit
®fofEd L X 1 A& <, rotational model AL

JAERI 1158

ZFFI IR OTTREME DS 5. Zhid prolate HTEAKITT
LEEDE YT shell effect ODFEMTH B EFHINB.

Fro, Thid FEFNIIKE > TOBWIREBK T, 0
KD QY Zfs> TR ENDbND. &L THM
A & KO ML rotational model T T X 2
3 EDIEFIMMEA T L DICi 5. TABLE 1 DREIIHRE
NEOD, REEAMKICOWTHEZ D E, HEHEFAN
I > TORVKT/AS T Q@Y GAMIREIN) %8
bDE, WbWYWD [ERE] BICB0THERNKE T
BICKEL Q@Y ZRTHODLEHI MBHZDTR
WhEFHEhs.

(2) QE@%) & crossover B(E2) [cHbh bR
FMEIC DT, TABLE 1| OGO E@MICERAL X 3.

_CIME2)[2) 4. g _<OIME 2)[2)
R=GimEas ¥+¢ R=gimE

phonon mixing, 4 75hHHIERAFRHROA & XZFHMET
LHOICMOONAETHS. FNRBEE LS LT
ZZ BT, R, R, &l ZEL T 5. TABLE 1
WA&E R, R 2L 5 D&x1TH 205078 D FHR IS ME
b, Ldpd R OREMNRKDIL - TR &
Mhhd. Ri~1 EnIEIIC R, BR&EEELE S
EREINECTETHS. chid 3. TLbUL &R
NB2, RERORBBEBTRHEATE L RERTH
A.

TABLE 1 D SEHET AL,

R,=1.04+0.31

{&:QMiQ% %155,
MRINSOBEIBYOERAMU L BHETBEENDV,
ZTDREEZNOBR OIS ETROEFHLTERR.
ERPOHEL TZh o DKERIZWEPHMT, R, R,
BEENBELERLTHWEEEZL, 20T EFHL..
CCTHRFALILVDIZ, —RINICE TR
B ASEFIRIC 7L B & LiCHEBEIC 72 ), phonon mixing %
OElRCTMN, ToHE, UTFTHERINALDIT
@-mom. % enhance X 37 crossover E 2 transition
CRPEIVEBLEIBOETHS. O Ehs, &
FBELRUDTHEENIBEIBZIFANDPLTNEITSH
A.

&

3. FRMIREHMRE

3.1 Phonon mixing

BHEOOAVAIIREEA N QCY) OEBREL LD
MREBRLGLIABE~SAE". Thuckd s, G
ICOWTRROEHTH 5.

EER —0.60+0. 15 barn
AR BRI 0
GOLDHABER-WENESER —0. 30
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WILETS-JEAN 0
TAMURA-KOMAI 0. 003
DAvyYDOV-FILIPPOV —0.32 barn
Rotational model —0.70
Shell model —0.10
R.P. A —0.077
H.R.P. A —0. 082

ZHIC K VIRERERET Q2Y) ZHHT 201 &
T FHhLINT ERHEEINh 3.

ZZTOHMEFMKICLT, FEFHFMPEICK S phonon
mixing SO FHICKC B E LT, 20 THEAIERTM
KT 28 R, R, 2CORERBATEI0EHDL. 4
B{kL T, one phonon JffiEL two phonon JREEL T
mixing ZR T EEZ, [6,>, |6,> ZIEFMIEAL
WSO one phonon 2% {REE, two phonon 2% R
BEL, 12>, 12,> 2EBHR0 2*RELTE. o+
b'=1 L LT,

12,>=al|¢,>+b| ¢, >
{ 12,>=—b|¢,>+al¢,>
Inohs Ry R ZHHET2LROE TS,

IS MCE 2) 125 | _ o o
R“‘«ﬂ%&EéﬂQ)“ZJZb
R, = OIM(E 2)|2,) |_
PUIOIMED 201

EEs data HoE SN Ri=1.04£0.31 & R,=0.14
+0.03 zRAT 3 &

{ R, 2B+ 5 b=0.37+0.11

R, #FE+2  b=0.14+0.03

E1E - CHMLBE 2 MTIEd 553 11125 phonon
mixing TEBETERN T EMNbh B THELOR
A TIE R<l 2AELTHNDT, MREHEFEL
BN OB NC ERTTICIRNBEBYDTHB. CC
TIHAIFIRE Q@%) % enhance LPF A3, cross-
over E 2 transition @ B(E 2; 0-2,") 2k F hkx
ALBVEDTH AT EMbroi.

3.2 FRMEBHEME"

CCT@W%@%W’i&ﬂfM,%@EM%ﬁ%%
\C A O TR
#rﬂ*ﬂ»@b%%ﬁf\étef) > phonon s LMY

(FTlibh®h Ao, /N TR S BEEBICRDELS T &
34 ZOBIZIERPA HoOFREASEEL
H5L, BETLRMEEADOBITOEILARAONEIE
TEPOTHD. COLIRUTERCRLDEEZS
N % adiabatic 71 & time dependent perturbation %
FAWTHRO total energy 24K & 2 OMHEILE TH
SROTCEMTES. THbBQW=W®, Q¥®)
BREZIC BT 244 #K DL, total energy [FIRD &
3iC1E B,

HEREIZIC BT 3 RRTIRE) 93

E@ Q)=5C@Q-Q+D(@-(@xQ™)

FEQ Q Q@+
+3B@-Q+ 5 FQ (Qx@Q™)

+3 26, (QXQ Y (@x Q)+

CCRKEULIHITEROZRp S &I LK D B
I fix U7c & D energy %
359 % kinetic energy LiZ#d 5 &,

EQ Q=TQQ+V(Q
TQ Q=3 BQ @+, FQ (QxQ)

% potential energy,

+4 2 G (QxQ Y ([@x Q)
V(Q = CQ-Q+D@Q (QxQ)™)
+EQQ Q@

THb. ZTEBNEHDOZEEZM % 72 i body fix
BB -T, UL bEidfieE b D8RS AEHE LT
EZTHD.

(Q-@)=p? T normalize L7295 &

(@ (@xQ*) =~/ 25 cosr=—y/Z 0

s fr& LT r=0)

QD=4

L%@=%Cﬁ+yw+Eﬂ4(D=— 2p)
Ihirs BT 5 energy surface 28 { ¢ R TX
%. #%¥ C, D, E}EHEHELUTHINIEED
K& XOHAICRZ &9 5 3:, Fig. 1 {Z/R3 3 MO
pattern 231§ 5t 4. (a) (@AW OHE, (b) 132 &M
@@méwﬁﬁ,w)usmm¢©A%w%a 77
7THD. DTNOEEICHREITDITPREL LA
ETAPETREI TR L, RIBOPLEIRE,STHT
WT, Qmom. NRKXIMBEMFRENE. — K
Ji#IRAED energy (TBIL Tid potential DEEDEIIC
KB 2WE LT 4 ROKEMBEICEINT, FHMIE
DB X Y00 energy A3 1235755, 4k & L TiE pho-
non model L& OMHOLNITH A DH. v h Q-
mom. |3 A X { enhance X#1355 {hddHDICDONT
I phonon BiIRIFISE AR L T 5 &0 5 &M 72 3
THb. T8hH [HE) K &V - TDH, quadrupole
field FHRPHEFEAOTHLDIHITIE {, 2D
field THU 2 RBIZEFNNLRETHVESL &0 D

V(B) 10 V(g

\ /\ /\ /

s 5 6 5
(a) (b) (©

Fig. 1 Schematic pictures of potential energy surface
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HTUHDREMM E K& {RIZ ST 2.
FUAMIZEEETIE energy Bl E(Q Q) & TEL
T phonon AT 3. #HFILT % & X D collective
coordinate {C{i% & 2 AH b BERMET, —D0R
& & LT energy F#(% collective coordinate o i&j%h &
LTI L% —MICKRBWNENRRLLLL DICE
£ITDIHEELEDL. DX DK L THMER? Hamilto-
nian (fz & Z{3 pairing+(Q- Q) force) hoEHohi &
F{b&h 7 effective phonon Hamiltonian 7%, B#)®n
TRARTHEDT, MRShic phonon subspace Toxt
4t (truncation) Ik - THEL. PILoOEXMLTES
W DARBIRERBEIC DN T DV B0 A Y B O 5 53F
HTHL IO DV TOIERBAEETHTTH 5.

4. oML DLE

B DD ADWOBHIHIRD T, $iC 3.2 Tik~7- 3k
MRBEHEBROS 2 b > TiiBicih 3 &
g 5.

Generator coordinate D591 & ZHERBERE IO
Tuv5. Deformation parameter 8, ¥ % generator
coordinate & L, EHHEBIZVAVABERICET 3t
BEMOMIEHOICE T, EHFEMMSZD weight
function 23K 5. T DETEEK ERER & 25—
KR LRAHEEEZEZL o, HENICIIRE, Fixid
PO T TDORD coupling bREEFICHD AfL5N B
DTHFEMOBEIPNTHB. T DOHEED essential 73
U3 generator wave function 1T 43875 parameter A$
TRAERINTOEIDEIDENITLTHS. 3.2 D
HERBREEP SEERAL D IHORHFICI > T3
B, EXAEEERT B parameter f, ¥ HMEAMICED
ANLGNTHOEDOT, MEEREICONTD S5 DOHH
ERE2HERINTHS. Lr LEBERBELTE - T,
L1 DBEENBFEOVRENECARBHBRATH 5.
BiME?S energy surface IC L T#h 4 HRIFETCEET
% % X 5173 collective coordinate %3 R & 25T &4
i, ZOMEAMRAESIOWWET 2L TE28, 24
BRAERO—DDHHETH A .

Bohr @E& 7L collective Hamiltonian % ¥ i 8
WK EILE - T, REZSOEL S ALHARA T
THFE—ICIO Tdrb . B 5417 energy sur-
face WEDSHEDP LEHRAOBITORT MR & { b
%. JEFAMLUT potential energy MIfE L THEEMAEH
BTE5 L DICHEMINCEAL, kinetic energy |3
free ILPUEBIREIOME B U & RE L 72 D T, mass
parameter |[IEHEL D, HAFERMNEBEONI. <D
WIED D BRI, EFHBRARZKI FERCHES X
5. 3.2 OFETEIMENNE D 5 IER/FEEK D,
mass parameter &—fRICETLOREK & LT SR
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ETEMALAOT, E#ELERT{LL T, phonon [y
R EE ST 3.

Boson BEHOFH: % T, #EMATE M S phonon
L9 % effective Hamiltonian %3k, A0 570E
WIHBfTiRbh T3, Z20MhT, BIARNIC phonon
%M A3 % &, phonon %4 2 Hamiltonian $34 g
TTODRBOEDNTHBC EWRINTNE. o &
13, KT OHBEZERT 35BS BhHEIRERIC
B TEKRZ & phonon OFEEDAREM ERERL T
%. Boson READAHLIC L D#A & % phonon iF, %
PHBEMNCIARIE D DI s T IRNE S5 TH 5. —F
3.2 OHHERREN -1 RET, BREVIBEHEUDOT
BHMEEDK 72 phonon 2 & ZRExMhENS T &Arh
DEREE LT B.

filic, single j OBERHEIC X 0 RE, [HiEEHE—
MC R 534", BLU %D mechanism % IEIFITHA
DELEUMT LK OMAT 2 AL L R IA
7 LhLlanbid 3.2 Ok EDRDPRIL BN
THBHL, COMRLOMELIHEDTLCTITH
PIEMhisne Licd 3.
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4, Comments on Octupole Mode

Sapao Kusuno*

A review and several comments are made on the octupole vibrations, rota-

tions and deformations.

1. $

{8 2 DB ) 7 4 — IR AEIC BT 2 REREE
BREICERIN, RO EESRA SN TS,
—BICN S &, ERERTIE 17 BRLELBEN, £
O kiC 27,37, 0B Y, REARTIE I BRBELL
5T ZOLIC 17 Bb s, HIVIERILERR>H
D TOHODPTHE. A ERICHEDTZ8, 3" ON &
BT B2ERI, N=50, 82 570 THLEIED
gheEd, ABEBRRED 2 XD LEXTHD, 17 3E
v 5 VERTREBEREQEER Y FIKROTTFYTE
T, 2RH®D 2 XVHFTh3 o2 B8EE (£
7AR—N) REETECELRBLAEELEZOLTL
3. 37 hOoEERED 0 ~0 B(E3) F74(4 23y
FTEMND 10~20 £OREWETH 2 C EBBRI SN
TWa. Uil 24 44 ~0 B(EL) Z/hNEEEDR
TWna. EBEKO 1- 5 04 28 ~0 EL 374 Z2
y 7 RALD 107 BT/, FIOBBERTIE,
ZOSE DM FEANCRE BEP S ETATHNT L
H N ICEAEANSNC ERERDH L ETH
3Y. RIEMERTO 17 Rk V.Y, oL/ 2-
Tx /) VIREEBRIN TRV EBIRIFLALTRS
NTORNOY, e Tk 2-74 /7 v0 Y,
e S, AP VUM 0,2,4,6 EHEBLTIHTL 3
TTHDH FOFRBOBENIC OO THHABEINT
W5 L LERERHWICERACRER B EOERE
EBPBNCEBRECEEO—D2THAS.

Y, howsiz Y, siclkLT/h& <, BOHR dTh
KON TIREDEEZL > TOREL-1DT, Y, =~
FiZ LI RIN TR ERBVEILRY. Y 8 Y, &
HRTHICRR 35, RToRagcddfiii®s z

Bz T, "V F4—%RETEENIETHAHD. LK
TREOVEEBKZICODWTOA T TORFENICDNTSY
B-THBIELT .

2. EEKOREEER

2.1 RABRIERL

ZDBAIIE, TSI TN S Y, REickdd
AEERVEE (R P.A ©T.D.A) 220%% Y, iF
BICABLTERALT YA ->TV3EY. F4b
LEFFELTO Y, 2 (Nilsson #E) o Eichd
PO Y, REBER-TVEETE. Lk BoT Yy
Y, HEERO®XIZ Y, Y, othd ~', TH3
K=0,1,2,3 x4l LT Fig. 1 D& D72 [EEE/NY F3F
303 Ll K k&3 EEAnEgnsd
7541, K=3 Ti3»’sh two-guasi-particle fy7si:
By, —BRIIL T3 I ThrghEbindo
DORENRS L. B Y, AHOFHIIHLT, 2h
Y, mEBOFEA—HLTHEETHB. hiz—
B ERVERY. £21@, DBCS oiBIE sk 5
OEBBRBICE s TN CEE, Tay kv IR E
OBEFZTH S TALVF—DHEORIL, Tayxyv s
MBI K > THBMRORBEDOE -, ESTELTY
SNT, ZDRHICEREEE ST {HBPL TS,

5= ————————5°
5-
- 4‘ 4,
5- 4 —
P 3"
3 . 3~
& 2" I
1 _—1 I d
I I
K=0 K=1 K=2 K=3

Fig. 1 Model schemes of the octupole vibration and
rotational band of deformed nuclei

* kB Osaka University
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LU DRIZH L DHNTHOREZREICERT S
EFHONBIBDOERDNEDL, & QICEBBKERT
DIREFNER AL T, ERERICEZREBLBWVLT. &
3B OIFEMMPLRFENP K-RAKCK2EBD
MG HOHIHTH 3. 4 F TORFKOORMAARTEE
MERRTFICE > TEZXZOSNTLESDOT, ERED
HHOTEROERNRS 5. TLERFIERDLROOT
HHETIEIROA, ES) T 4 —DEXDX DT, FHHX
EYyDEZAETHEENNY FBRFENTNDED, 2D
CEDEMRE— Y MIEDIEDLEIEV S T L HEE
HALHMETH L. 4k, XETv2BAEEMOHM
BHBEAATHIUNES, ExXYT 4 —OBL5DLD
KAy AEBHY OBARKE T, 7o v+ IHE
ZEBLIES LD, 2FHO 0* © 2° % two-guasi-
particle energy XD S TFTICF W 2 ZENTEXT, Ly
bHE 4 OBBHERLHVT 2 RESH A LKEB
ThiE, ACV-8FEBNOEASG, F2EBOMELED
PE L THRIIT 26D EEbh 3.

2.2 FEHFEHMF

2EVOFEMDLEICBEbhd: (A)2.1 LHU
& Y, oL Y, AR eEREIFEY L, (B)
BREE Y, BROHTRETIHE" LThb. (B)
iz DAVYDOV (D asymmetric rotor model O E /¢ F
4 —IRE~DOIIRE BRI 5. HHERZ 71T 505,
Zoho 3 D7 Euler angles T, B D4 288, BEO
NIRRT OERO HHEICS 5.

sin 3

a,={& cos 9 cos ¢, az,={ 77 COos ¢,
e n @
aﬂ:ig% sin ¢, as;==*( S:/n? sin ¢.

BT Y v ENALT 3BT =0 EBT, Y, =
— FORD B r-IRENCHIGL T, 2heEh K=07,2"
D CiREy (it b g-IREY) 2EZBEMNTX
3. (ATRY, BEHWNIOE L THEGELE & 5 &,
BHE— AV NI L2 TRED S0, 3#H
i & clhpld 2B Mbh 3. 2hicRLT, (B)
TREABE—AY MI L E pDAIE > TERDEINS.
D ERROBNERED %2472 3bE, —RAFRIC
Ebib.
BREBICOWTHEND D78, DIEOEREILA
->TW3. B(EL) OFHRKNEDS, HMEHEERNE, K
RUFENEIR N E TR ST E DY, ZEMEITHL
T, HIBREARER LIRSS, BBRLIFNS NS ¢
N Y, &Y, EOBRICE » THMCER S Wk
TIEoTHREEDTHEM, TOFEILZORENT
HY, EEROETEMNHII S

HERRERID ek 0, Cc OMBEABEER» SIS
&3, BEOEMELEZDT, PRV EHE TH-

A7 aR— e w—FicBdBEaxy b 97

T (]l Y LUBKRETH A D.

SHBEECG, Y, T~ FOLIICEONTVEHEE
ZOFEFL LR -TETESICLRBBETHAdNE
b, LA, Y, &Y, LOBABCIIBEAEL LT LK
LoTHT Y, = FADBBAEELTIEVIUED
HETH 5.

3. Y3 R

RFOFED oHRT 2REOHEICODNTERT S
B, 3T Y, ZEOMETEON TS k—D0RE
ZEHUTADL (CTHRNCERHRETIELEB XD
L, FRFEENICUDPEDL D AW EBICONTH K
W), Thibhb, BEEBAEETH NI, HEDEDHLY
OMPBREDO T AN F—BELLY, TABREZDE
N F 4 —RERELE - THDRS. £ L TCOES
WidEdE v, ERECETL LY SR TRAR
V. BEBBEDOE XITE, 20EROETHLDOBRAR
BOLAVF—MNETRBEIND, ChEEBELT
TTREREOEE Y FBEbR 5. RICHE LR
Bhced g 3R Y F, LD TARENTVL.
s Y, ZEBKOKETDH 3.

LDEZ%ZDEE Y, BEROBAKSIEATAC L
MBT&3. COBEAKE Y, EROAOEHEA L b-
T, BRI 20 ED, EX)F4—LAN)T 41—
EEFE—HICERBESICENTEXSDT, LA more
unified model LD TH2EEZL OSN3 HREETD, &
ER Y, BRI (A) REEN, i3z B) &
Y, EREERTEZ .

A)TH2d» B)THADPRELT THNF— .
VRUVBED K IBHIEEET 20OV TE, 575
KETOEZLEMH - THBEINE™. ¥/ STRUTINSKY
REFEOREEPEZREFEB L LIC DV TOMELL
FHEZ I DD TITE -7 Bofwic, Y, =— Fic
DT Yy DHEDBFEINZHDELED. 2hiZA)
KT, 7=¢=0 B LT 3. z HOTHDIC
BEENFTH 203, z28iicEEREEOEMmICET S
IOV TIRIERTTH 5 (Fig.2). { ODFBICL»
Tz HANOER DM ENEH 5N 5. 2ROREE
BOEBTOERMNSCORTF v » VMICET2ER
WEBAEK (D) DY) F 4 —DEERNY FO/Y) T 4 —
ZRDBENODL L. LicdTAaRTF e TR
F—HOEIC L - T, EHOREMSERE D (Fig. 3),
RTF VY e VDZENZED K BAITHT 2 WDHRE S~
—R&EUlEE/Ny PRI IS, Fig. 3(a) DIEAIC
2, BARBICHBT SV ~uid 0F Th, 203
LOREL NI, fODOBEMLIDOHETOT/ YT 4
—MED-T I- 185, DT+, —NREVBRNIICE
bhas. TUTEEMRKELE, FhZhoREBL 1D
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x—y plane

Fig.2 A nucleus with Y;-deformation.
S’ is a reflection of S to the x-y plane.

‘.:—.l

E..
E+

¢ a ¢

Fig. 3 The potential energy surface on the {-vibration
(a) unstable deformation (b) stable deformation

LicEEg VA NEHEINS.
Fig.3 (b) OE&IIT, PvarghBicky, EHD
LR, 220 L YT 4 —DEBRE

1 _
.ft(C)—-jV??[fl(C)j:j%( o] €]

KARTE (ADEA, RFvyyVEIR, (=0 #ic
BLTHmTh3). SH0MEE, W.K.B mEL2
bOEUTHHELTAH S &, FIPMIC
E.—E,~ f‘l:%b’ exp [—%a JZEH| ®

el p RBEEZEDIRD ARTOBREERTHD, B
H CHBICB . ZHICE TR F 4 —L R
DIEY) 7 4 —VSVITHRICEI EF o h T, 2hE
NOBREL RV HiCEliE Y FAMES N B T & Y
5.

AT Y, EROEERICDVTRESITH A D
o BEMEHEEADEI, Litl~i L~ gRIE
EBROFEFHROVSVEBEOODPSHRT I EMTE
NEETHAD. FEELEBLY, Ra, Th, U, Py,Cm
BN TTHEEATHDE, 17 BTFR-THOBHONNE
DHBTEICETL ERICBY 7 vigDW TR Eh
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FLO. LMo T Y, BREBEEICE B & 5Tk
BHDZHITH3. BEHFIZ Nilsson Z2H @ L L -
shell model Zfi >t h&d, co& s, Y, BHAEH
ELTEDANDEHFHEE Y, YV, b AN KD E
FVYx VICRT AR AETIE OB ENH 5. Y,
ERIRABREZHBET TR0 HIS, EBHNICIE & H»
SIRE D, BTRTIAINF—ETFE. ULhUARGEE
FOh A5 LETFROERENE) 2203w si
W o, B LROBEHT () 2T rvF—% I
32X TL%. WEDLTH, WTHLOFED
REMBCEEZESCERTERY. ThoDFHETI
ERINTWB7—avzixv¥—%2Ahd e, Y, i
EoTEHENENLETHA DL, TFERBRMCERT
TAF— (§ iwHhH) % shell model ot A B
cEid Y, it - TRAIEHLTH A S, pairing %
WE—RJUNNVOMBILAE A EREI NI NS, &5
{PRERMETERVIhED, fission'™ ORFEEEREL
T BCEETHA . TOHA, KTFEBLUMAES
BOREETIE-T, TAVF—RTFTF 3L dICLE
neE, Y, ZROBALEMN ST, B ZARBNE
BbObh20TCRETEEZNLEHZ LS CBbN3.
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5. Molecular Aspect in Atomic Nuclei
KriyoMi IKEDA*

Existence of the states with molecule-like-structures forces us to introduce
the molecular aspect in the studies of nuclear structure. The purpose of this
note is to develope the molecular view point in atomic nuclei. At first we
summarize briefly the quasi-molecular aspect in the Bohr model. The plausible
nuclear shape different to the ellipsoidal one is considered, by taking the examples
of the light 4n-nuclei and the nuclei in the actinide region. The rotational
band structures in the case of a general axially symmetric shape is discussed.
The anisotropic shape obtained by mixing the even and odd spherical harmonics
is interesting very much, where the K=0* and K=0- band can be treated as

a twin of same shape.

This character is understood as a inversion doublet in
the terminology of molecule.

The inversion doublet is pointed out to be observed

in the nuclei of *O* (**C—a) and **Ne (**O—a).

1. F

GFirow 7 VaOMESTEER D, ThERANT
DO, HMICHEREAL7-0FTEFHRLS
5. a BT ABOBRIT, BRCELET A2EOEH
SBROENOHBOBETS -7zickkl, $XTOEME
DB ZDOHFBELEE L SOHBIRS 5. &
WED» LEVKOAKRIE, BEENICEORBRELICE N
TIRENTN S, ch&DEBTEZ 5105, heavy ion
BUGE, AR ETRUK L LToE/K L T L
BELTOEREELE TS, §7TIK, HARBENMNTED
PREE (N— 2 —REHER D SEEn o rhiE T o0 R
TROAE), FLUVWEBELROEREM > TS, It
WCHEN C &3, HEEREED & EEd 2RED—E ()
ERBATHEREO—# (B) 2hEsgI35Lich
5. CNOEBRMERERZREROCE—BIC 40
KENT BEDHONTHTNE. 2 oORER, oK
B BAAYRIBNCE T HBELOTOENHEAD
o, MONLDOEWRT, FFINEBEEZH T EEEAZ
LZOMARTH L. ZHMICIZ A O L ER—FIZ
3, HWEFcRBHEHEANBROBER—EH > borE T
OFEERED» oMk 2REH L T2 5, REREIR
HEREZ, ZERIMICO KD DMBEE D >—LIchi- TR

FHICEENBEL T3 —bDE LTENK ST 3 &
MBTEBTHHAD.

FRFHERTHE THEIN S5 TRRED, #HUL
CRICETEL TV S &V SBAIC L - TELLEA, h
SBROEZORTRENRT & CAOMELELEICERT
SEOBOHUETH S WHICIERL > 20Tk
BEAEKRD 2ETH 505, KICBY 25 FHHBEDER
WItETd b 5. it 1) 2RTHTHHEEZLD
a-12C (**0%), a-O' (*Ne) & i) aDELREHERS TH
RIETH 3. BERIBKICE - THEHHEGERD BHMH L&
WEZLLNTO N, 2C* © 35D afly (7.66 MeV)
DA, FE “*Cla, Be) Be T, $O* (% 17MeV) ® 4 «
BURmESL D SN, WEEIOEH 2HO 7 = 34
YOBEMRERLOFIBHEELE L THFHKE D M B
i O EERGESREDRA DT EDTE
BOBLXOFLBHLETH S 5.

INET, Dvbidsrk HER 2 KT 28
B, FFHAERBSEE U ERNER S OS2 EA
BHET FETEEBRL T, BB,k T
TEE (—AE) 2R U CBEALIERO AMEEIC X
S>THUZEHENIVETERTXEL TN -T,
— KB+ _ARHEEOK BT L. LAl “BTH
RAE” DV TEBEOE TR T 5 C & MR EH— &
WO K VEHR—TH 5. TR T8 (spin-isospin J¥

* HAFE Tokyo University
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SRR - HRFD) OSSR FARIMAESATIUL 0D
AR SN 5. b B IR i —Hicin 4n g
D—BIXOPZDEMHT, FELRHLRL T BT LN
WomzahTnsd. LrLz0Ead, 2RO D<{5
— (K5 S DLV EOBBEEBEE L ORALEL - TL
5. T O FIREER, 2h o & RIT2HEOREE
— 4 TICENZR L THBRE—E LTI UHTHREX
naEs>.

REDH, $1BETHOFLOEESE LTOSTHHR
BEOMEIR, EFREOIVEERILEANIEHORF
EEHOHMICL, TOUEREEDLDICH LA TP
OREEREL TV 2. OB, BUERYL LTV ST
BOEARBFE—BERARED DD, TOERREEFHKR
L, BERKLL TV 2 X DEAHNIER DMK Z RE
LS52BHHEABPOKTCEBEETH 5. 2 TR
“OTHHRAE” CEEELIZ > T, WA OhOMEEH
WY A,

2. Bohr DB ZHIT I FHES

Bohr @ #i—MEIC X » T, FFEOEER<RZ b
BFEah, ZoOHE (150<A<190 XU A>222)
OHERGE (BERET, FREBENEEERR, Y- REED
REEE) OEXMEKRED XM CINRAELRYZE
Kbt ZOBMBBEBEINIEIC, 2 D2OBINEE
Thot. —20F, FFEMN “BELOTV L
ETHU, b5 —2RFTOEEEOMNLHETSH 5.

#EFHER D B 1 E @ Hamiltonian 3, EHORERE
DEFNF~TEEPISNTEY, EHOLIHT &
DOHAEFER OB X » TREQCOESIKREENRER
2bb554. BMEETEIEOSARER, KHEHEEO
BRI > TEBIKAEETH - (CCTHRMEEDHI
PREETH - b RTFROERICEET 5/8AET
RTCO—PI A HHBRE— I EC R EEL%
LERLIL, SROEOMEEETELEEIOND.)

MEASOYAOEENT, BREST OB TREDLN
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Fig. 1 The schematical diagram of the energy level
structure in Bohr model.
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Fig. 2 The potential curves for the octupole deformation.
(a) is the usual octupole vibratiou around a stable
shape with quadrupole deformation. The lowest level
corresponds to the ground band with K*=0%, while
the upper level to the octupole vibrational band with
K*=0O". Thecase (b) and (c) have the minimum
point at finite 5°. However, the zero point amplitude
does not concentrate in the case (b). The case (c)
has the stable shape with quadrupole plus octupole
deformation.
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spherical nuclei.
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Fig. 4 The rotational spectrum with K=0O in the case of
a general axially symmetric intrinsic shape. The
splitting energy between K*=O- aud K*=0* is
obtained since the nucleus has the internal struc-
ture. If the nucleus is assumed to be a rigid body,
the splitting energy tends to be zero.
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Fig. 5 Schematical picture of the molecule-like structure
composed of two different nuclei. The configuration
(b) is the mirror image of the configuration (a)
Two configurations are topologically different each
other.
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Fig. 6 Graphical representation of the eigenstates of parity.
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with each other through the potential barrier by
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Fig. 8 Intuitive image for obtaining the characteristics
of the central barrier.
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6. K=0* Excited Levels in Deformed Nuclei

OSAMU MIKOSHIBA¥

Characteristic features of the excitation spectra of K=0* intrinsic states are
discussed for even deformed nuclei in the rare-earth region within the framework
of the random phase approximation, using the pairing-plus-quadrupole force model.
The distributions in collectiveness of both pairing and quadrupole g-vibrations of
the lowest ten K=0* states are numerically analysed. The g-vibrational character
is more dominant in the spectra of nuclei in the beginning of the deformed region,
whereas the pairing modes are relatively more important in the middle of the

deformed region.

1. F E

Eolf, BES” kX TS SOLOVIEVY it k ), ZEWETO
lowest @ K=0" 2k (BB ENIKAE) @ microscopic
BIROFNIC K BRI S k. RERBHOE-BH
TO lowest 2 SREE B X B EEH TO Y- RENREOH
FRICHANRT, CORERBOWAEBEN T 2D I,
number fluctuation |C X % spurious state DI E NS
FIERS > bThH 3. $15b 5, pairing HEIEH
o L @ERF Y r v (Cooper RF vy vl) 2l
MY e DICHBERE UTHTRORRL 2REBOELRS
HEHNE. LT, L Z DOREEFNT two
quasi-particle QIRBEEIEZ &, CDREER, B FHO
fluctuation |C & % spurious state K4+ & L T2ATL
5. Ibb, ¢h S two quasi-particle DIREEID,
HEIREEIC BT number operatork oprate | fziRREL
BRLUEOED S REEMRE LT 3.

CONEER O {HH& LT, Bogoliubov-Valatin
EWIC X - T, pairing force i, Cooper 5 v+
NEREDIRTBRCE LT 2EREREER E LT
quadrupole force DEEHM AN & — I ZE T UL X
WEWLD T LA, BARANGERY |2k hiEt I h T 5.
D& HiC pairing field fluctuation AEF LIk R,
fF o7 collective state (3,
HERVA, @ fluctuation €I < H 571 mode
(pairing vibrational mode) %4 A T 4.

$ 135> spurious state %

* RSB AP Tokyo University of Education

Z ¢, Bgs and BROGLIAY T Lk » TH ¥ hi:
pairing vibration B9 AWEDEHIL, T D pairing
field fluctuation ¢ effect A Bijc spurious state Dk
EVSHBHRERTERT20TIRELL HLL
mode 24D E LTHRBHICRY LY, £hiEKR
ODRETHIE DVTHE, < O pairing BHRE~D
enhance Ih7-fi#g, #1 2 1¥ two nucleon transfer
reaction KX 24 DNH 5 EEZHI DI HITDH 3.

EER#ERLD I(I+1) Blh o0 ThOFHEE LTI,
cranking HERIOEKRDOIED 52 &,
coupling itk BbDEMNHE. LT DHF LY pairing
vibrational mode fEEH T i, EHED quadrupole
B (f-1x%) & D coupling DAhC, < D pairing IEE)
E®D coupling ITXBZHDEERLI LTI S
I I, B-ikEh & pairing IREJD mode @ mixing i
L0, BONRIRESIZFRTRIC OV TERER M
HEF-TW03a. #Flzid, lowest OFHERAERSLTL &
REPRETIE I, F/o pairing REHic > Theo
ERWVWAT, Hit£oD collectivity 12& DD FiiEikiE
TR UFRED intensity T LT 5.

oDz &iCEH LT, SHELINE, FH/Il, FEE
FUFEH® (2, rear-earth region DE-BEEKICHON
T TS 10 ko K=0* phigiREogERE~,
DEREDTNADHEFETF . FLLT EITD0T
BEGRXEZRBL TR LICLT, CcoTlR, &
Do K=0" BhgiRigics LT o RiconT

IENRG.

rotation-vibration
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2. HEOENL

FPNEB LT 2N IV P =T v ERD X DI
KT %
H=%Edd— 5GP P - k@ (1)

TZT, dit BXU d; 17 T Fh single particle state
i QUERT-OERBEET B XUOHEBERET, E; REERT
DEENF—, G, BT (t=p) BLUHHETF (c=n)
IC%f9 2% pairing force @ strength parameter, & |3
quadrupole force D coupling constant T& 3. (1)
O 1 FEIm T FoL rv¥—%25%, 2, £3
IRz ZZF 1 pairing force £ X U} quadrupole force
BHHEEEATHD, chi@B L TERTFREAELD
#;® fluctuation & couple 3§ %. simple pairing plus
quadrupole force model itz 1%, P i Q iz2h
zh
l/’\f-_--' (f:? Viu(Aut+4:0)
>0
1

i

Do) =

[©)]
2 Ayt =4
>0

0o = 1o

LUudzrdy, (2)

Q= T qu™ (At +Ay)

i,j>0

+ 2, 9y7d*dy, (2b)
i
U= ups+uy, Vij=uu—v0; (3)

THALNE. LT, BE L, & r OEECEL
T BT (r=p) 13 hHETF (c=n) O single particle
state / {ICDINTODAMEEBC EEEKL, >0 &0
DHIRIEZ, AEBROKOXNTRE~DHE 2, BIEDMH
DIRBDHE LB EEBHERLTNE. Ayt Ay BX&
U gy i, ThEhROEIICEHREINS.

Ayt =didst, Ay=did, (42)
0™ =Gl 2 1Y | U, (4b)
Gy =Gl arY V. (4c)

CTT 73 RIE S OWHEEES L IREEZEDT.
occupation probability u;, v, BXr (1) XD E; I3,
#BHD BCS 0 X% #» TH 5 5 energy gap
parameter 4., Fermi energy 1. ZFHWTCTEXEDLX
nah cnBE{MoniATHE0oEKT 5.

NInb=Tr (1) © K=0* phigikfEd random
phase approximation (RPA) %A Tkd Xk Sk
o5Nb. BhERE n OEBEIEEIL, true ORERES
|0) TFbH+iE, normal mode (phonon) AR E F-
B,* M,

|n)>=B,*|0), (5a)

6. ZEHETO K=0" Ghiatka 102

B,*= },Z>:0(¢if"AU++¢iinAi1) (5b)
EEDLING. RIE ¢ BKU 9" 3, BiEx v
F— W, 52 onhil, kKokHekE 2.

PN S S
" TN, E;-W,

{qis"™" +0,V B, " +6,4C, 7}, (6a)
n_ 1 1
o =N, W
{qi;™ +65V B, —64C, "}, (6Db)
B,"=6,"/D,", (7 a)
Cnm:_llnm/(WnDnm>’ (7 b)
Gnm =Fn [} Yn(-') __Hnm Z" @ (7¢)
,"= (Wn2—4Ar2)Hn my,®
_Zn O F, ", (7 d)
D," =W, =44 (H," )~ (F,")*  (Te)

T, H", F,",Y,", 2, BXU E; it

H o= %.) 1 \
" 5o Ey(EyP W)
F," = (Z":) Vi

Bo Ei= W o)
@ +)
Y, "= 91

u So Ef —W,?

7 om— (ﬁ Ei Vg™
" So E.F —W,?

E=E+E,; (9)
TE#HINS.
—J, BExixrF-—W, ZEFHEX
1=k(La® +La™)=0 10
DEELTRES. 2T £,9 13
L2 =2{X, " —(1,"Y, " =6, Z,")/D, "},
(11 a)

@ E +1y2
X & 1(qu™)
" ijZ>:0 Ef-W,?

THb. ZCT—FSNTESLLVCEE, a0 F—
W, OEBELTO £, OBESRHLT LS two
quasi-particle JREEQ = 2 V¥ — E;; TRV ENDS
EThHbB. Thhbb, i=j OEAKKiE (11a) KXo {}
DOHhOFE2[UWCENL B, ThZ2hEFOHATHEMS:
B-Tky, FlHo X," oBRELIHABLAS T &
BRBCbnE. LT £, OBELIL D, O
BEEND. bBAA, iXxF DRTHLTIE, B2HD
B CERESFLELDLS £, OBELAIX Ey
DEFETH 5.

D" 0" DEBALER N (IRBIREICH T 5 81k
BEREN

(11b)

2 (D" ™ — @i i) =By (12)
ij>0
MOEZD,
_ oL+ ™)
N, = 2LLELLTD | (13)

THZOND EMBEHICHMB.
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DS LTHLNKINEEZ 257D correlation ;
pairing # k& ¥ quadrupole correlation %2 A T 5.
Z d correlation ® K & ¥, 974 H pairing BXU
B-1 B collectivity ZFKb 4B L LT, ROTHIER
AT B

P, =(0| é (P++P)|n), (14 )
Q, " =0|Q|n. (14b)
choDEA RPA TEHET A&
.1 2 6,"
Pn( - Nn 77(;17” Dn o ’ (15 a)
— l [¥:2] (n
Qn_ Nn (In +.£n )
11
Nk (15b)
THZboh5.

5 120K EE LT, BERRE 7 » 5 HER
REDERHER D 2% RE~D E2 KO B,(E2; 0'n
—2'0) #EZBE, Thl

B, (E2; 0*n—2*0) =ﬁ| Q,“ 1 (16 a)

<ThEzoh3. @Q,% I, b L effective charge 2% 2
3 hid,

Qn(e) =eo£‘n (P) /Nn (16 b)
tEXRbING.

3. REu-or=EMk
HETCRBAOBENR T, ChoDBOERYE:

BRI B720ic, BLyicn~Ivt=Ty (1) OF
215 % T4 | Tpairing vibrational 7§ K=0% j{#E
2Ry, FNEOREESERLT F3HED quadru-
pole correlation ZX 0 ANz K=0* RiELkp 5 &
DIAWDFENICE » BT RS TH KD,
SERIE DI, BUHIEAIV =T YELT
H=3Ed*d— 5GP P, an
72:'%‘;'{_5.1 pairing vib;ational 7z K=0* {REE p 1371
BEACAUTERESTRETS. CORE p Oz RN F
—% &» THRLEW, &I 0.5 ou® BEThZTN
g—b_“-" zfl‘ #< = Fp —Vnﬁp>’ (18a)

N, E;—&n\&p
oD :L 044 1 = g
b = By (T V) (8Y)
THEALNG. (MHTEAAUECELSNERI

NWTRZEDLDIBLIIMES T ELICT B, it =
7Ty HHPLHRLTNWAZ E%E/THIT notation
Ol — EZWTTEICTB). T B FHy B2
FTARTCHIETERZINI . 0D W, % &p THRXIRA
b DTH 5.

—J, TaNF— &p BHA BRI

JAERI 1158

(&p* =44 (Hp ") — (Fp™)*=0 19
s co (19 RoLUo&iR, §iFETO D, i
BEMESD. LT L7 OFBRESEN DY O
BRE-BETBEENDIT &, L0 B8 O pairing
vibrational 7REED T ANVF - A HREREL LU TH ST
WA EWND, FOLDOTHERUHERESEATVLEIDTHD
ENEEINSG.

Wii% & FREIC collectiveness %&b TE Pp ™ i

B 2
Py = —— 20
? N,G. (20a)
THEzohB. —F, @ i
— 1 —
= = @p™ 20 b
Q» ~, o (20b)

THZ o ah, it pairing vibrational 73 RAE p
& quadrupole field @ fluctuation & @ coupling D3k
IERDHLLTHA.

Wi, ~Iwvb=Ty (1) OHIFTEHEET 2. <
O LR S DIRETTIE - TET D. i¥] TH-T
3 K=0% |C couple 4% two quasi-particle DIREEH
591213 normal mode & [REICI DK S C LiCT 5.
TIbhb p 2REE 4, 7 ((37) » 5k Atwo quasi-particle
DRELT B E,

Byt=A,, (21 a)

PPy =8,08551. @Fyry1=0, (21b)

Er=Ey @le)
LEZETS. bHAATDOWRE p T LTI,

;61) =0, Qp D =g, (22)
s 5.

cokHiIcThiE, RaeDEB~%x model Hamilto-

nian (%

H'=3.¢,B,"B,~*Q*Q, (23)
EEF L. Hitzts K=0*" @ normal mode D pRHEHE
_:;. Bln+ %

B, t= ZP (¢»™ Bp*+¢p™ Bp) (24)
TEHETS. 20zxvyF— W, 3EBOEHDOSEH ;
ey (@p)*
1 2k§ W 0, (25)
DRELTHRES. TIF o™, " i
w1 1 -
P™ = N,/ W‘Qr: (26 a)
w1 1 -
o =N e W @0
THAioh3.

HAT, T OIRMEICH T % field fluctuation strength %
BAaTBCI;

pr= 1, ;Fp_gﬁf_ﬂ% - (274)
Q= gy @7b)

PILEDERH, S, HiFD P," BXU Q, ORE
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VIC DD TIRD X D RIS 2 DOEABEZ LN 5.

(1) ZBZC03zinE—-W OFELICHENLD
OREE p DFTRTO Qp A, HZ 5Nt coupling
constant £ DA F T U THhIOLEAIKIE, 1§50
JeREE n Oz Axnvd— W, 13, b & b & D pairing
vibrational 7{JRAE p DT A NVFE — 2, IKXDOWBTIEL
D, =0), Fh, ZODREDL » ORBICT—KT 5.
COXIWHEACIE @ BIEFIWWE L, P i R
BB p MET-0 pairing vibrational 7RAED, iPEF O
HODILE ST WVITNHXIET B P BRELLD.
P, ((272) ) RWP S Pp® 113 5.

(i) 12F@dEhllEolREE p © @ DEHK
& ¢, B»DOEFNM coherent K EWNT K B2EAL, IREE
ni3 p-vibrational ZBHEE AL, @, H AKX 3. Q,
DBRELMBEND T &I, BBRIAEH N, /&R
BENWHTETHEME, chid P," KHEHLT,
P, P, JLICAENEETD S5 5. 2 LTHWHEDE
2 0, D, 18t pairing vibrational 7IREE p
@ quadrupole field @ fluctuation & ¢ coupling D
X Qp DHIL-THRSTL B,

4 HEHHEORRELERS

EZOIREE n |3 field fluctuation strength P, ", Q,,
1 X 0 reduced E2 transition probability B,(E2 ; n—0)
TEHESTIONE. P," BZOREOBTF (c=p)
213t T~ (r=n) O pairing vibrational fi{E %,
Q, Z7:ix B,(E2) |3 B-vibrational 7B & 4E 513
T 5. 34T rare-earth region OE-EEEKDO T
5 10 &0 K=0* piftRiBicLcz a2 v¥—- W, B
FVcho0R P°, Q. BXU B(E2) % (10) K
BXU (15a)—(16b) REMOTHEL 7.

CNOOFET, RAFHFT (1) choDEICK -
T pairing X B-vibrational IREENSEZR S LD
B, (—FAEN P," OEAERED b D% pairing
vibrational 70R%E, —FHAX7T Q, ODEAE DDA
B-vibrational 7pikfEE 4 %.) (it) ¢ d 2 D@D vibra-
tional mode AED X HICHRREOTICHA LTS
s, (i) zh 5 250 mode A3 & DFFFIC mix § 5 /»
EVDEEL BT

4.1 EIHIZAUV/- parameter

EATRIENC, C OFETHY 54/ parameter (T
DNVTIRNB.

(i) CoEETIZ major shell N=0~8 ICJFd 3
4T Nilsson orbit ZEZE L. 2D R V¥F—F
FURBEBOMEIR ref. 6) THOOALEDEELD
OJ{‘E')‘/}:-

(ii) quadrupole force ¢ coupling constant & (J,

EIER T D K=07 Biit#ef 109

ref.6) T self-consistent 73EE M5,
k=T75A7%*(Mw,/h)* MeV
~0. 18%w, A3 ( Mw,/#)*
EVSRIBEEFTOEM, 2 THTOHEEH VL.
(iii) pairing force @ strength parameter G, {3,
ZhaBnTE SN energy gap parameter 4, 73,
EREL—HTIX ckpont. cokIICLTH
ot G, D%, HETHWIZEE D parameter e,
L —¥EIC TABLE [TIBIFTH L.

TABLE 1 Parametric values used in the calculation
. Gp(A Gn(A
Nucleide € (I\ZeVg (Mt(eVg
152Sm 0.25 22.5 17.0
1%4Sm 0.30 22,5 16.5
154Gd 0.25 22.5 17.0
156Gd 0.27 22.0 16.0
158Gd 0.30 21.5 15.5
160Gd 0.30 21.5 15.0
16Dy 0.27 21.0 15.25
162Dy 0.27 21.25 15. 256
14Dy 0.27 21.5 15.25
164Er 0.27 22.0 15.0
166Ky 0.27 22.0 15. 25
168Ky 0.27 22.0 15.0
Ry 0.27 22.0 14.75
170Yh 0.27 22,0 15.0
172Yh 0.27 22.0 14.75
174Yh 0.27 22.0 14.75
17%Yh 0.27 22.0 14.0
16Hf 1 0.25 21.45 14.5
178Hf 0.25 21.25 14.0
180Hf 0.25 21.25 13.75
182W 0.23 21.25 14.0
1YW 0.23 21. 50 13.5

Column two gives the deformation parameters and
columns three and four show the values of the strength
parameters of the proton and neutron pairing force,
respectively. (ref.®)

4.2 W, P,", Q, 8LV B,(F2) DOR¥EE,
K=0" phigiREoHE

HEBERETRTRTCERAARTH B0 5, L
SihDFE Fig. 1 (a)—1 (d) K19 2 ORTE, *Gd,
4B, By 35 X ¢ VCHf ki3 b P, Q, BX U
B,(E2; 0*0-2%n) pEMEIET A v¥— W, O
ELTEDLLTH B

Wiz K=0* ok LT sl fRICH T
BEmEITIES.

(i) @BLnic—FE K=0" pEfikigokg4%s
AL, —Tid, (25) RO/BROBLS C0—FIK
ORISR BEASE IC B-vibrational TH B EEZ SN B.
READHETH, —BHRKRBCDLSLERABE LN
. UL oppsss, Er, 7?Yb, *Hf kX
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154
Gd
MeV Erl64
(N) MeV
Pn Qn Ba{E2:n30)
3.0 Pn(P) p (N)
1 . 304 n Qn Bo(E2in+0)
4 »
l-e o, ® 4
[———— »
2 o - ad L »
z 4 2.5
= — ———— g » g B
e (=3
=
. = f—————e L »
o
>
tuIJ 8 o —e o ’
z w
z
2.0 Waof e e J
= = d —— e >
=4 o le . Le o
= =4
= =
= =
5 =
5 5
1.5+ 1.5
Sy ——e * -
l.O-L 1.0+
(a) (b)
170
MeV Er ans
- N MeV
N
Pn Pn Qn | Bo{E2ins0 (P) (N)
o{E2in0) Pn Pn ‘Qn | BolE2;n30)
= 2.54
z = 2.5
z . 3 . 3 = b i [ ]
. == S =] r‘ o f g
(O] —. ——— o
2 — b L 5 —
@
< w
w 2.04 * ad ] E
20 e S
p-d N L .
5 —e |- >
z ——e ——e —e e o e le = e
= e — e le >
G SR | o %
& 4
1.5+ w | 5_' — - .
e ——————e |—e |- ’
4 e g L
0+ 1.0+

(e) (d)

Fig. 1 Calculated Pr'?', Pr'™, @Qn and Bo(E2; 0*0—2*n) values as functions of the
excitation energy Wax for (a) '*Gd, (b) '®Er, (¢) '™Er and (d) "®Hf. (ref. 5))

U W TRONE. oD TId B-vibrational 73 FmD (i) OBEBELTVAETEERLTNS. %
RERS - EFOEIEREICRENS (Fig. 1 (), 1 (B 7, ZOfHEFO pairing vibrational ZSIREETH 2 &
). &5, ZofNNEKTIE, —REVERREDLS WS &id, T D gap parameter 4, BEFOZFH
thif: ¥ pairing vibrational 7{REEEIS - TR &L IKHANRT, COEBTHRITNINEN S BRIESNH
SHES ZMBEEI TS, Chizb & D EHETD T
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(ii) p-vibration o collectivity Ht& DRREF B-vib-
rational LIRABICHEP STV 3 i3, Fig. 1(a)—1(d)
ZRAUB DD B0, ZOEMETNTORKICHhI - TR
% 1owiC, f-vibrational 7iRAE (n=p) D B,(E2) &,
10 Ko d~ToREICHTSE B(E2) ofEDH#
% Fig. 2 ICRY. T b44Kko B(E2) oo 50%
VIEAs, B-vibrational 72iREBICHER L THED, Hicc o
TIROFUDDH O, BIUKDDOFDOW L 2hDkk
T, BHOESREET, PREICH IR > TR A
BL LT HAZERT. T4bb5, ORI L0l
DOEIFSIRAETIX, ¢ @ vibrational character HFFE

bDOTHBZEERLTN B,
301
“
o
“0
_89 101 /' }m
~ ] D ]
T e NEr Yo/} r
N s e N ! Hf ! y
u | . \\ /’ /‘ wi
[2e] \ K i '
\\ N J 'l ’I
31 LN / /
e ' !
" ! /
-4 H
1
[ ——Tr — 171 -
150 160 170 180
MASS  NUMBER (A)
Fig. 2 Calculated and experimental B,(E2)values for the

B-vibrational state as well as the sum of the
calculated B, (E2) values of the lowest ten excited
states as a function of the mass number A.
YnBo(E2; 0—n)cal ; -t By(E2;0—p)cal
3 Bo(E2;0—pB)exp. (ref.5))

% 7z Coulomb fi2iC X » T, Bl *%°Sm, 154Sm, 15Gd
BLU Gd TD B,(E2) RBRIINTVED, 20
EREZFERRE MK T 220 Fig. 2 ITRLTSH
. HREEEBREEO—BUZIZINT EDbhd.
FIR I KER" DBbOBICK U T biTisbhioss, hikT
B 96 FTLRBZhDLEOKT, cOoFETIZ K=0*
REBRBINL DS EVIEELR, coRL DE
T FIE LS.

(i) |BARD P," OEAFH-REELTESRL:
pairing IREPRAEIL, —BITI3 S-IREREBLIIANC,
> EEVEHEIREE L TR 3. L L, Gd @ isotope
BXU "HE T3, pairing IREPREEE B-IREIIRAEL 12
—¥¥ 3. T O pairing JRFREED collectiveness H1 &
DOREEPERT IHIT, TORED |P,7 %, ko 10
ADREICX 9 5 F, & hIC percentage ratio %,
TABLE2 IZ $BIF TH <. 2D TABLE2 75, REFED
pairing IREPRABICH L, ZDHiZ 30% »5 80% <
H 0, collectivity @ #h D FAR, F-REMREDES

6. ZEBTO K=0*" G kefr 111

XONIV T ERDPE. &5, HlZIT Fig. 1(c) B
X 1) IKEShBXHIT, collectivity MSF URRE
O intensity T DHDORBICHH LTV B EANDH
%. iR & LT pairing IRByOUEIZ, < OFHIROHIZ
ETEEELL T3S,

TABLE 2 Calculated values of the neutron pairing
fluctuation strength

Nuclide | |P,™| | Zal Pam |2 || Py /50| Paim |
15:5m 8.20 21. 40 38.3 (%)
154Sm 6.33 17.95 35.3
194Gd 7.84 17. 64 44.4
1G4 12.55 32,09 37.1
18G4 11.83 26.87 4.0
180Gd 9.24 27.34 33.8
160Dy 13.14 32.83 40.0
102y 16.88 20. 99 80. 4
104Dy 13.63 32.84 41.5
164Ey 16. 63 20. 60 80.7
106g 14.17 33.72 42.0
168E 22.94 40.45 56.7
Ry 17. 99 45,09 39.9
1y 23.03 40.61 56.7
1y}, 17. 96 37.98 47.3
eyh 27.62 41.28 64.7
1syh 16.13 44.07 36.6
1egf 24.38 46.46 52. 4
1spf 23.15 57. 22 40.4
g 17.23 34.82 49.5
1wy 29.64 42.01 70.6
1y 15.48 19. 99 77.4

Column two gives the values for the pairing vibrational
states (n#2=x) while column three lists the summed values
over the lowest ten excited states, Column four gives
their ratios. (ref.5))

60
5.01 Yb HE \W
r h
oy F \\
4.0 AN \
7 “ \
_ 6d P
= / /
g 4 / N
a 30 Sm 7
) /
A} + h
‘-_ \ ; I/l t
Al
2.0 Y | S
kY \\ 7 /
N ; -
\\ I/ i ~
1.01 NV
150 160 170 |80

MASS NUMBER (A)

Fig. 3 Po'™ for the pairing (n=r) and the
B(n=p) vibrational states,
IR e | P | (ref. )
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(iv) HEO#HEW Lhid, pairing & B-REILD
coupling |, —fRICHIEDEMNENZB. HIZIX Fig. 1
(@Q—1 @ IEHRENT VALK 5T, pairing REOD
collectivity @ h 72 b D442 S-IRENC mix UL TWH 5.
TR EOHMBE-TNB T LS. T @ mixing O
{Ff] 4 mass number D E L TR B /7-»iC, Fig. 3
IC pairing IRE)IRAE L B-IREPRED P, ™ % plot T 5.
pairing vibrational character ® B-iRBIREE~ D admix-
ture |3, COEREHDORUHOFOHTRENT &N
birb.

Coftiic K=0* RRfEicE s TEERLEL LTIE E0
B O ESR, BLU two nucleon transfer reaction
iex$d % spectroscopic factor 23H 505, ZNHLDED

HAERRELETF TS 5.
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7. Equilibrium Deformation of Nucleus

MASAMICHI WAKAT*

The centrifugal stretching effect is investigated considering the Coriolis anti-

pairing effect.

The numerical calculation shows that the effect has not severe

influence on the rotational spectra of low spins.

. F i

FFHOHEOBBE~OEEE LT 2BE X o0
%. 13 pairing HEEH~OEETH D, anti-pai-
ring IR EFFN, TAVFE—F v v FOWNES S
THDOTHB". MOl ORBNOFHE~DEETH
- T HERICIIEIROE LS (centrifugal force) i
X BEFH DMK (stretching) & L THRINBY. £
w2 i centrifugal stretching #)B LETH 5.

Y 13, PIAT generalized Hartree-Fock ;E{l: %
HWT anti-pairing ZhE 0 BlEE Ny FAOEBAEE
U7ch3, centrifugal stretching ZHE iz > Cid+438
MUTWIEdp ot ZZTCOHBETH-TEBIKZD
MRICOVTHAZTE - e OTHET 3.

2. HEFAELHER

BTRAHEOHMIIIR 3) KB A 5N TVADT, ¢
CTRZDENEHT it LH 3B,

(1) &EHe, 2y IOHKKBOLT X VF—
Eo(e,I) 23k 5.

E.. = I(I+l)+Eim(E, I)-

1

27 (e D)
IREDOB LEHZERE T A v ¥—, E2HIATT

ANVF—-EHobT. J REOEERETH .

(2) BHEOERFROEACODNTH—DHEETE
e
(3) —EBAEYIODTFT, @xiv¥—%ENET
DEFCR e(l) ZHAHNICKD 5.

PEOHE#REzZ LONEROL DTS 3.

(1) BEEROREY itk 3%l

Fig. 1 BEMEOHFHOFEHELE e DALV ICK
LEAERT.

A YBIEBRICNI B ECATIE, EREERIRE Y
OEINCONTAREE TN, R YBKEN S &
BT LHHEMMLI.

BIENY FED O 2V REEDOK 2« DEKR B(0), 8(2)
EZDZE APseoy T B0)edB.-y 43 TABLE 1 [THZ ST

04K

w

T

q% 164

S Er
=

‘ g 03

:; 172

g Yb
£

8 11H}If

//—\

w2y
02 ! J
0 10 20

Angular momentum I

Fig. 1 Dependence of the equilibrium
deformation on the spin
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TABLE 1 The calculated values of equilibrium
deformation
Nucleus B0 B2 4820 B(0)4 B2-o
194Sm 0. 34375 0. 34416 0. 00041 0. 00014
154Gd 0. 35548 0. 365637 0. 00089 0. 00032
160Dy 0. 31154 0. 31187 0. 00033 0. 00010
14Er 0. 30028 0. 30060 0. 00032 0. 00010
172Yh 0. 27295 0. 27339 0. 00044 0. 00012
176Hf 0. 25449 0. 25505 0. 00056 0. 00014
180 f 0. 23175 0. 23246 0. 00071 0. 00016
180\ 0. 22933 0. 22986 0. 00053 0. 00011
12W 0. 21634 0. 21678 0. 00044 0. 00010

T 5.

4B,y KDV THE TEZ2ERERIEA RO,
W EAICIEEREIZ 6.0X107 TH-TY, FHEME
4.4x107* B & JV—BETRT.

(2) EHERRY b5 LNOEE

Fig. 2 13 W 0fg A /DT x V¥ —HEHLDL
T3 —RUTbhbhr3dLI, EXREEE 0F RE
OEHERRCEEL T ALF—ERDTH, FAE
YiIEHT AEEEE T COTANVFE —fEEB>TH-T
b, ARZ FI ARV UTREBED I,

Z ORTUI MO E FHIC DT b A U Ty centrifugal-

8l 182

Relative excitation energy(MeV)

[ £ (2]

T T 1
<{

1
0.10 020 030
Deformation parameter ¢

Fig. 2 Energy surface of W for
respective spins
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60
_
]
S
g 20
=T .
3
- 16
5
g 12
=
20f s 182y
4
0
I
0 1 1 L
0.10 0.20 0.30

Deformation parameter €

Fig. 3 Moment of inertia plotted as a functions
of the deformation

stretching ShEDEEER 27 + T AADEEHII/NENE
WE 5.

(3) EXREOLHSAOFELE

Fig. 2 KA LNDB LD, R VYRKREN S ETLHE
EEz aB/NABZFNVF—HEK2EUES DN
T3, ZhdDREBIBEELEOEMWNENERALT
LESTHAHI, EMKIEE—FED shape isomer &
LTERIEn 2 HeHERH .

LEATIDEIUEENEST LD, Fig. 3 KAHD
koA yRkEisd L BERE J BEREC
& - TIREMICENLT 27D THS. DX HIEE/NE
anti-pairing IR LD RV BKAKENEE, THUF
—~F oy THNEEYD, T2 IZHZNFELTOR
Fxix ¥ —HER OSHBSEBUCEERROMICEET
Bt Y, anti-pairing RO 1 2DHS5HNT
b 5.
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8. Comments on the Problems of Seniority

Mixing and y-Band Structures

Masao NOMURA*

The wave functions of nuclei in the region near A=90 have been investigated
with the method of the shell model calculation. The comparison of the seniority
in the weak coupling model and that in the strong coupling model is done, The
property of the wave function of nuclei in the midshell is discussed. A comment
is also given on the structure of Y-vibrational band in deformed nuclei.

1. A=90 $RIKICFIF B seniority mixing
C2DIVT

A=0KE DIKIC DO T BBAIC & 2 AT st D &
NTWAB". ZTld, seniority scheme ¢ & 2EK%
RD 5.

it 73 N=50 o isotope | DT, ®Sr 2,5 & L,
Forz & Pr2 OZHENDOERNT, LDSEOHTHS.
Xk 2) IKBNT, ZOREDS ETHTH p=38-43
DA F¥r L, seniority scheme AsIE#Ic X {HRALDC
EAERUT. T T T, seniority OEHEL, THEESHLRIC

550 (vw LEET.) LHEEABERIICI 250D (v)¥
OZFEHbL DT E, R 2) 1B TiE, vsscheme T
EBELTVBRZERERBLE D —F Fow 12 1T pai-
ring interaction | X % energy 3573, —{K¥{r D ener-
gy ZEHETCLEMTHEN, vw-scheme THITL T
BB LEDD B.

Xk 2) EE—o®RM, F—oMEERT, p=42,
M4 ZP R -1 WRESTLTH D, BRI ABIREE
¥o clfp ld Xk 4 KRNI HETKRD OB
#F¥ AR L. X 2D RREhHESERE TS
IC—H LT 5. TABLE 1~ 4 (I, Mo & *“Ru O} H
EBERLTVS. RiLH B |(g)v=4al=2,4)13,

[ (gs/2) ‘v=4a] =4M)
=NP, Y, " |(9/2)v=2T=2M) (1)
FOEZEINTWS. T P,y i3 v=4 @ projec-
tion %3%L, N It normalization factor ZARLTu

5. [(go)'v=48J=4) 12 (1) CEXTHRETH
%. vw-scheme X U wvs-scheme |3 quasi-spin @ J52E®
ZROWBERBICTX 3. $1ibb, vsscheme DikaE
[SS.(a,a,5,S,)JM) |2 vw-scheme DIREE |a,S,S::a,
S,8..JJM)Y X b
|SS: (o, S, S, )M
= T (5,585,115 55| a,S,Susts,S:T M)

; (2)
DOHEBEROTIES L EBTES. 2T SuSeid
HERIC B B vw-scheme OEFRE (vw=v;) LET
¥ N;ickb,

Se=5(F5 -0 (3)
,z—2<N 2];+l> (4)

EEDINDZLDTHY, S, S: i3 vs—scheme DFEHE
R (s=v) LRTFH N=2IN, T,

X @+
(")

2 @j+D
EEEIND quasi-spin ZIRT. RIKRINDI X DOK
RFEAs 42 X0 44 L8Ind 2ictély, vs—scheme 1
vw-schemeX VR {3 DDk DI 3. B8, “Zr o
HABERETIE vs=0 BHERIRIET 0.87 4T LT 3.
JCHR 2) Tid seniority ¢ mixing O H&E A, S&KZROD
dv=2 @ matrix element 2R3 L TETVEH,
dv=4  matrix element i,

§=x8= (5)

* WA Tokyo University
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TABLE 1 The wave function of **Mo in the vw-scheme TasLe 2 The wave function of Mo in the vs-scheme
9/2)* (1/2)* 9/2)* /2)* (1/2)¥ 9/2)*
J [v=0{=0)[v=0(T=0) _ _ J |[v=0=0)| , _ _ _
bt S arod B w8 v=4 S| v=2B/2) | v=4(al/2)| v=14(81/2)
0, 0. 8255 0. 5644 0. 0065 0, 0.9374 -0. 3481 —0. 0065
2, 0. 8750 0. 4840 —0. 0048 2; 0. 8566 —0.5158 —0. 0048
4, 0. 8805 0. 4740 0. 0004 0. 0062 4, 0. 8507 —0. 5255 0. 0004 0. 0062
6, 0. 8729 0. 4879 —0. 0049 0. 0036 6, 0. 8590 —0. 5120 0. 0049 0. 0036
8, 0. 8776 0. 4794 -—0. 0046 8, 0. 8540 -0. 5203 —0. 0046
TaBLe 3 The wave function of Ru in the vw-scheme
/24 (1/2% 9/2)¢
J v=0o0r v=2 v=4, v=4; v=0o0orv=2 v=4, v=43
0, 0. 8531 0. 0126 0. 5216 0. 0066
0. —0. 5214 ~0.0165 0. 8530 0. 0161
2 0. 8945 —0. 0042 0. 4457 0. 0388
2, —0. 0856 0. 9244 0. 1511 0. 3396
4, 0. 8733 0. 1749 0. 0128 0. 4408 0. 1098 0. 0177
4, —0. 1889 0. 9310 —0. 0608 —0. 0666 0. 2982 —0.0222
6, 0. 8647 0. 0719 0.1282 0. 4521 0. 0857 0. 1381
TasLe 4 The wave function of *Ru in the ws-scheme
9/2)* (1/2)* 9/2)¢
J v=0 v=2 | v=4(3/2) | v=4{(al/2) [ v=4 (1/2) | v=6 (al/2) | v=6 (BL/2)
0,* 0. 9720 —0.2344 0. 01359 —0.0043
(0% 0. 2345 0. 9719 —0. 0003 0. 0230
23 0. 9474 —0.3176 0. 0245 —0. 0245
2, 0. 0463 0. 1673 0. 8937 —0. 4135
4, 0. 9292 —0. 3058 0.2013 0. 0216 -0. 0461 —0. 0034
4; —0. 1806 0. 0864 0. 8692 —0. 0587 —0. 4474 0. 0273
6, i 0. 9311 —0.2917 0.1114 0. 1884 0. 0098 0. 0070

Po—4aT |V |50
_ (_),J“,\/ (0-72) (v-3) (2j+5-—20)
j+7-2v) (2j+9—2v)
-?(j‘(v=4')’0)j”"(v=4 DI |} )
'§E(2J‘+l)<sz1|V|j2J,>
(=27, [V j'v=47 0 7y
OBFEY ZRWT, cf.p. oEBBNIELIC
{9/2)v=1 jlv| (9/2)*v=>5 9/2)=—0. 0452
(8)
AEZC LT, vw-scheme RV DT &%
RLTWBE. 1k, RICORINRER parity BED
bDREIMVTH B, £ parity DREIC DO TiE “Mo
D J=5- REMAT S 1(9/2)%v=19/21/2 J=5">
ThHHH J=4" ORMT 1{09/2)* J=7/2}1/2 J=47)
BARBHTHBCEL, oL} A BHEROKICED
T#5h 5 anomalous spin state (J=j—1) &BI@As
Hrhblhidne LEEHTIICEEDTHL.
BORPIC BT, quasi-spin D z R4 S: 10 &

15 51-%, {EFZEDIKEEIT particle-hole conjugation ope
rator U=¢%Sv O DDEHREORBBATERDEL
%Y. Single j BT, VLRI EKOHEEERD
bETH, HERER U ofFRETHS. ZHEAII
MUTERINR U 2ANT, COEFERECDOY T
720 EME v=0,4,8 e L 9=2,6,10, .. <%
DAINBZRMCDFEZEEZELWY. "Rutsh b,
0, &£ 0, iILPNT, v ORVREICHE>HEDOH B &
BEHIN 5.
5#ic **Ru @ spectrum % Fig. 1 {[T7R7

2. ERBERICHIT D r-band HEICTDOINT

R L BETFRICEB T 3 7-band 2HRTH 2 EAK
spin % & DRED I energy H{HE spin D Zhiclk
~FkoKic shift LTnacEdbhs. ZOHERIZE
BHALE (1*0s, Sm %) THU L BARICE D@D
FiC/N& {135 (Er isotope ). T BOEKTEEL
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8 =374 RAEBIC r BEHHORBICET 332 b 117

ot 3.833
2% 3.299
2% 2.868
6t 2,834
6% 2.562
0;‘ 2.562
4, 2.400
at 2.285
PI 1.408
(3
Fig. 1 Energy spectrum of Ru

THW3ERO6N2 *Mg THZ DEBMND 3.

Z OFEHE(L Davydov model 33 L8 fi#E band & -
band & DA %% % 120> Bohr model i3 340K H R &
Thh, BUAFOEASTEENS.

~%, single j WMmicks (i=21)" oEmn
BeRkDsL, Q-QBWEMERTESNIKEE band, 7-
band (i312 I(T+1) rule icfE5) #8 YW-Y™w
long range D HEMR 2 W THCETEREELRA
FHio shift 8BS 3. T, BBREMAETY " 2
AR &t HENDRIE 5k DRIN T 3.

INHDERR, BOEEAB/BRTOL LT, gk
TV EDHBZICESTNBESICEDLNS.

{bURWR, #EL Physics Letter K RETBFET
3.

X ®R
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9. Shape Isomer DFH1y

JAERI 1158

X B OEH OB

9. Life Time of “Shape Isomer”

NAOKI OHNISHI*

The life-time of a shape isomer, which has oblate deformation, is calculated.
B(E2) transition probability from the band head on the oblate band to 2* state
of the prolate band is estimated. It depends sensitively on the overlaping integral

between the oblate state and the prolate state.

The overlaping integrals between

the state with various deformation for the nucleus with Z=62 and N=90 are

tabulated,

Rare earth region @ nucleus ¢» ground band {33
7% prolate deformation %, T 5 A3, excited state
IC BT oblate deformation AEDHE[fEM:IZT40TFH
N3 ZOEABZ 5 oblate & prolate @ confi-
guration F ML DEB S TNBEDT, ZHH5D2 D0
EE @ overlap MBIEHIC/NE LB THAS. FE,
overlap %

n(d, 8') =e—=¢,8) (1
THEDLUKE, FALEBTEH62 hiEFH 0 O0T
HELTHZE, 0=0.2, ¥=-0.2 THIIT & N
=13.63 wiz b, §=0.3, &’=-0.3 THhid 6, )
=29.28 T b, overlap APNXINT EERLTNS.
zdX Hic overlap A/NZ U I iZ one-body operator
@ matrix element [T D/NZ {135, fFiIT electro-
magnetic transition (D matrix element AN E &
oblate band 7»5 prolate band ~¢D transition proba-
bility A& <72 b life time @ jki> isomer T35 H]
HeHERELTL 5.

2z T, = life time MEERIC X > TRIEL S 5
CHRSKNDENZMEEIL model TEHEL, TOHKR
%444 2. ¥ 7 ground band ¢ wave function {Z7k
D TE 2. Deformation parameter % §=0.2 i
fix L, rotational band @ ZhZHhd spin IKxEd 5
wave function {3 angular momentum L DT D

projection
¥ yprolate= N prolate ngdﬂ sin@

ATy, (cosO) R(p, 0) $,(8) (2)
k- THES. zzT N; i normalization factor T

(N jprolate) =2 = 7?% " sin 6d6dr ,,(cos®)
0

{Pe(8) | e=i048| $o(8)) (3
ko THEZ5N5%. RIC excited state ¢ oblate band
@ wave function |t 6=—0.2 @ deformation pare
meter %D rotational state TH B ERET 5. i
C ZTHEET %3 oblate-prolate D #h FN D wave
function {T—RICEZRZ LS. ULiedi-T 220 state
% SCHMIDT DEALIC X » TEIREICLTHE L.

¢ pyoblate = N oblate

AP 1 —LPruPrORE | P o> D PO} (4)

#272L, N’; I normalization factor T

(N poblate) 2= 1 — [ (g porolste| g7 1512 (5)
KEoTHEZON, ¢ 1x 1T

O ru= N'mjdgodesino

“d'y0(cosO) R(, 0) $o(8") (6)
<% 5. Ric B(E2) @ transition matrix element |3

<¢,1Mpmlate ! 7“‘2 l (/.I,M,oblate)

=N jroblate {(h yprolate | T 2| 1 41>

— Pt yrProlate| gy r)
’ <¢’1Mp'°me| T2 ¢1’M’pml“te>} (7
Ck-TH5EZoN5.
Z T matrix element |
{PraPate| T3 ¢ 1
=_NL“"‘:§}§’_' (1 M2 IM) 5T — v20 | 10)

5] sin0d0 d'.u(cos0)<$u(a) I T 2e=#s] $(8))
(8)

* T Tokyo Institute of Technology
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Itd - THE XN 5. Oblate 0* @ energy % 1.09MeV
& L, prolate 2* @ energy % 0.12MeV & 3113,
oblate 0* state #»& prolate band @ 2¥ ~o B (E2)
{c & % transition probability |

T ublate 0 —prolate 2* =2, 99 x 10 sec™! (9)
% f- conversion electron (¢ & % B(EO0) 3
T oblate 0*—prolate 2* = 0. 955 % 10" sec™* 10)

HBEDT-HIC ground band 2+ state i 5 0 state ~D
transition probability |

T prolate 2 —prolate 0+ =0. 19 % 10° sec™! (11)
shape i & %z hindrance | B(E2) T 1/1000 ic L7
FTE.

z ® X 51 oblate 7 5 prolate A transition matrix
MAEL B S BHRELLHIILES. (7)) XT (9)
FH D contribution {FITEAEFE 2HIL X TV 5.
LS T (Pryprolate ¢ rppd 8 FRUICK L TRED
ZEERLTVA. LakL7 & Hic oblate & prolate
® 0=0 To overlap [FIEFITNIVIZ bbb LT,
project X#17- wave function QT D overlap |Z ik

Shape Isomer OF G

119

Wk X, = DERKIL oblate & prolate @ 2 >0 wave
function @ @==nr/2 T®O overlap # ¢(4d, 8 ; n/2)=
34 THBVEBDA->TVWAZ LILK S, Lrb 0=
/2 T solid angle |ZA &%t DT overlap integral |
BEAE 0=7/2 L X->TREINE. LEM-T
shape (€ X % hindrance 13 FHEALKINC EMbho
7258, i3 deformation parameter i€k - Tk X <
EA h 3. i (6=0.3,8=—-0.3) DD overlap
& (6=0.2,0'=—-0.2) DD overlap IZ spin 0 DA
Z D

N,(0.3, —0.3) _ 1.03x10-?

N,(0.2, —0.2) 1. 87x10"!
T B(E2) o licd nidH 107 fFiciss. € DD
transition probability ¢ order {3 10°sec™ |C 73 VR
AREICIE 5. L LEBICE cok S 78 K&l defor-
mation 272D TZOHEOMEICIES. (7)) X
S5bbhs kS, shape isomer ¢ hindrance % #5#
S0 3D RTEE ORBEH D overlap THBZDT, D
HETILHFTHL.

=0.55x10"*

TasLe 1 The values of the integral between spin O* states with different deformations.
\p;;l;{é ~~—»~\‘3‘\’laii ~0.35 1 ~0.30 . -0.25 ‘ ~020 | 015
0.15 2.49x107* 2.29x 1072 1.60x10! 3.35x10™! 4.57x107!
0.20 5.23x 1075 1.26x 1072 1.05%x 107! 1.87x10! 1.97x107!
0.25 6.87x10°® 4.25x 1073 3.89x10°2 5.75x 1072 4.52x10"?
0.30 7.20x1077 1.03x 10" 9.25x10°2 1.00x 102 5.73x10°3
0.35 1.16x 1077 2.76x 107 2.18x10°3 1.64x10°® 6. 78 x 10~
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BEWBETIEO Yo X
H H FH Zz B

10. Note on the Y, Deformation in Heavy Nuclei
KICHINOSUKE HARADA¥

A possible existence of Y,,~deformation in heavy nuclei has been suggested
by many alpha decay analyses. A brief review on this topic is made in Sec. 2.
In Sec. 3, effects of the perturbing potential of Y,, type on the Nilsson levels
are discussed qualitatively.

ICEEIN TRV, COMBRBNESL, =4 HF
T L &I ODHEBHICK 2ABBENEINTHHET I LIITE
AR

AL LINBETHORE, s o,
R=R,(1+ X AY:0) )

LB EMTEE. 2D5b, Y,, £ (quadrupole)
OWTiE, TTIREE OERE, HERNITESRER
INTWV5E. Y, DULEOBRERICDVTIR, £0KkE
IHWNEN DAL TH I DHBEIC IR - fobs,
BB e BE. OB P S B DAEIZEHIEASD
BEANILDT, BRELDODABBELES DI ST
X /.

L LIEHe, COMBRRLTHLLV O TR
s TI7FF4 FEEBOBETFROERERI a BEO
BIFEBEELT, PROLEILOERIN TV AEET
5. a BBIOVTOBEHY review &, Y,, B
DNVT DB HRIT T D, 2) Kb BDT,
LZTRPLLENSOFBREE L THI.

2. a BRBORIEHIZCDONT

Fig. 1 {3, 1955 F ASARO” R7 7 F +4 FE-{BIK
@ ground state rotational band ~® a fiEic 2T
# |7 hindrance factor (JI'F HF L&) TH3.
HOHF 3EEREERICT 2 2R EEH ORE
EBBETCHELL SO, TS

_ I(ground) A P(excited)
HF = T(excited) P(ground) (2)

TEHINTVS. I 3 o fERE, P RELZEEA
LTHEIWABEBRTHS. AEHE [ OHRN P

10,000

1,000

HINDRANCE FACTOR

Fig.

°
s}

o

T 1T

1

T T TTI7iT

L U1 pLlll

F3 8+ STATE

T T TTTITm
Lo L b1yt

6+ STATE

T 1T TTTTTm
t 1 ratilne

4+ STATE

11 11l

TTT

2+ STATE

] 1. b bl

T T 17171

1 1 [ 1 1 1 I 1 !

i L
82 86 90 94 98 102
ATOMIC NUMBER OF PARENT

Hindrance factors of alpha groups in even-even
nuclei (defining the ground-state transition as
unhindered from Asaro.)

* JR#F JAERI
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ERHDD LB —a v, Y, 2&tIEduliis
BEaticd, a 7Ny —n vEELABET ZEOD
W % channel coupling #s2 0, Bty Gamow DR T
RBBRMBEZ 5NIK LK S, BRROEIITHREN
DAXE f FBETED O KIKET 2. BKAEIK a
KFM—RRICTEET 5 LIRET 2 —KBRE, aliFD
ERHERE TERT 2H5EKEMT, Fg. 1 © HF %27
HT2X5C B #20HBTEMBRINTNAED, T
SOFMIC VTR D 2RI nicwn. 3o ThAN
BEONFHEICLELE B DEIRT 7 FF 4 FEBRER
TIETH L L3NS, HF offifi» 5t Pu b
DLXDFEOKIZAD B % favor 25 L0 HERH
MENTHA. BRI, B, itk coupling term (I
re BT B30T, BOWEEEARE sharp SKEE
THITHRERED a BEAERBL ST, L lCOPVOTH
BB EMETA0EBEENISCE LS. BHED «
BEERIL, Ui o—@ERO DX DH#ESLT
B, FRBEEESCHERRILELEENKOD
spectroscopy IC#23» T B A3, sharp 7ERMEZBL
5 EVIRAGERNTIRNET 2REOERICOE
BXhTW3. FEEsd, Th U, Pu g2 Tlt qua-
drupole (B, y mode), octupole vibration JREE~D a HA
WMo HF 83T 3Y. Random phase;f 7 & T
HEINLEBEREROT, COREHFORRBREN
HIATE RN EIHEERD AHETH I, E
BIRHER T2 ENTOEL. #ic octupole vibra-
tion {REE~D HF {3, Y, &R LB L THERL.

3. Yo ZEOEENLER

Y,, ZHOVEEE K B oI, Nilsson R£5 v v
v Wi Yo 2EDHENMAILbOEEZLS.

V=a*V'+4,V’ (3)
T Vit Nilsson BRF vy v, VV OELTIZ
V’=i mao? r‘Yzw (4

2 o

FREL, %@ﬁﬁié o, THEDLT. KHE—F GEEM
M) BRI FTADICERE o 223 THEL. 6,205
l/,l_[_{'ﬁ?ﬂ'é"éﬁ{u'( equipotential surface (/D X 5
i %

&[ 2_323
RO =1~ 567 °
2 ., 82

+< 5+]B9

B,

{(_1; 5416 5

35 77
47 11
77Jﬁa >J T2 A JY“

10. BOEFED Y ERICLONT 121

40
+(%15 22¢na

)\/ ir Y,
(5)

LT Yo Yo OFED (1) KD By B ICHIET
3. LCTERTNECER

1) RO itid BYs bBRbNB.

2) B B lFENEN 6 Y, 6 KOOEMTIRE

(AN
3) ot Bl DRICIETH S. B MATH
BEVHIERFT— 20 B EEAL.
Th 5.

T, B DFEHMBERDBICRBNANAIEFHENS -
T, FHRBDDPNBECTAED, TITREGHHEIE
B Thicdritd s THbEL,

E=3e+ DGV -V(@E=01) I

E _

N ]
H 5 equilibrium 6, 2% ¥ 3. T |i> 13 Nilsson
OEBEEY, & BRZOEFETHS. (3) XD o 8
d, ® 82 ZRLOT, (V-V(6,=0)) ik oV’ #¥uT
BN ERERLTEL. 2D&5C LTk o %
B. iCE$ &, equilibrium 8, & LT

_ 4x .1 o, 7 ;
ﬁ4—7€;<t|'2-mwn"R*°;Y4oll> (7
*B%. 2T
%c5;<f|v<5.=0)|i>

Thd. X2 o AD RiclFI2vdbs. (7)) R
Bbht< ) v 7 RAEROEENLEEZR S0
1hy,ns 295, D5 split L7:455 A& @ Nilsson levels
20T Y, OHfEE Nnd RRTHE LD D%
TABLE 1 |z RT3, €=0.207 (6=0.2) & U, MR EOHA
12 (B/mw,(0))* TH 5.

(6)

TABLE 1 Values of (N#n;A|r*Y 4| Nn.A)

hsj2 (Pl‘OtOn) ‘ 99,2 (neutron)

conﬁguratlon | 1 configuration '
j%“[5413 11.95 €%~+[651] 23,58
—(532) —4.26 g + (642) 1.16
*;’f (523) ~10.95 g-+ (633) ~11.72
%~$MJ 814 %+mmj —15.08
% — (505) 4.31 g +(615) —8.95

CDEPLRD EMTFHEIN L.

1) Nilsson diagram T L, FHOLM L XURIE
D B % favor§35. 2REBILL-THEYD ZFVF
—WEDLLLBOVVIEAD B, % favor 5. Lichs
- T rare-earth ¥ XK ¢¥ actinide {Hii® beginning T
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B, 13, middle Mo FAICKR B EMBHFEINS. £
7D A RETEA & ORTFE DI (Fig. 2) & consis-
tent Th 5.

A >0 & <0

Fig. 2 Shapes of nuclear surfaces with /=2
and /=4 deformations. (8:>0)

2) 4AIREFOELIC & - T single-particle level 3
S5, B AL ULBRIELILICL-THS
BMEEERINS. T4bb, L (A) © b 855854
@ level sequence (3 B, 2 K& { (&) &E-KKD
Nilsson level &I T 5. B, DFIREO—HIZ B. D%
iz S DADBZDT, KO static ITHBE» ST B OF
EERITET 2 LIZEELLLAD.

3) ARERMBHBE d=4 O levels 3 direct i
couple 32 DT, [EAKEHIZ Nilsson ODHDLEST
3. BREOEBEWENEROD S, unhindered © d @
@ Nilsson estimate 7 5D X UV ZAZHBEIICHART B D
B E favor 3 X S @AM LAH ST EEN.

£bH iz, HENDRIE 5238 (a, ') TR¥i- rare-earth
BO B B ©fEi%, Coulomb excitation 7» Lkdicd
DEHBELTAS. —HREWAMERET 5 LEAMEE
BieE Q, & B OMICITROBBRARIL.

3

=3 _ZR:p, 8
QO 1/5” ﬂ ( )
(8) RiB Y BRKOBH BHADRT, YVio Vi &l
WEETBHITIREZONZ 8 LD B DPDY

JAERI 1158

KA B.
B/ = B,(1+0.3608,+0.9678,)+0.3288,> (9)

STELSON 5¢ ¢ B, & HENDRIE 5D B8, A Hi#KL
Fo D) TABLE 2 T3 5. STELSON 5D B, (2 rare-earth
region DN TRFIICIEADT B L0 D & {ASh i
%77k L T3, HENDRIE 50 8, 3—E@E%E R
Effective radius R, D % 5V NEE THE D DT, FiE
B & B DAREXIZWLEKT BT LITWERLY, K
B/ B R—ETHBCEMNEETLL. LZAMRICK
2L BB R2HITARE-THAE ZhiEEHIHE
Z B DIEEEOHMIC BER L b

TaBLte 2 Comparison of §; and 5.’

STELSON HEeNDRIE
Element - B2/ B2’
B2 B | B B
w8m | 0.304 | 0.2056 | +0.045 | 0.230 | 132
sGm | 0.351 || 0.225 | +0.050 | 0.255 | 1.38
wGd | 0.358 | 0.230 | +0.045 | 0.260 | 1.38
weyh | 0.317 || 0.245 | —0.040 | 0.258 | 1.23
usyh | 0,308 | 0.240 | —0.040 | 0.253 | 1.22
wsgf | 0,273 || 0.245 | —0.045 | 0.257 | 1.06
X #®

1) FEEEZB: AARYEZATE 21 387 (1966)

2) Harapa K.: Phys. Lett, 10 80 (1964)

3) Asaro E.: (unpublished 1955)
Fig. 1 |Z RasmussoN J. O. and SecaLL B.: Phys. Rev.,
103 1298 (1956) @ Fig. 1 Z&EH L 7=

4) BjgrnuoLM LEDERER AsarRo and PERLMAN.: Phys. Rev.
130 2000 (1963)

5) Henprie D. L. et al.: Contributed paper to ICNS
(1967) Tokyo

6) SteLsoN P. H. and Gropbzins.: Nuclear Data. 1 21
(1965)



JAERI 1158 11,

11, E#EPHEFITL 5 (0,0 RIG

EEdETic k3 (na) KB 128

mo A ®m =

11. Thermal Neutron-Induced (n, @) Reactions.

KoIcHI OKAMOTO*

Several experiments of thermal neutron-induced (n, &) reactions have been

done recently in the rare earth region.

Those results and preliminary reports

of **Pu-, and 2**U-(n, &) reactions are briefly surveyed.

1. F

1Edid A0 RBEPHTFICE 3 (0, a) BB, BOK
DEAEROVTREZANVE—HICRARETH>Td, K
BD Q EH /o —VEEOREICHKELTHEDO
BTHY, D, 2O o PEBESMOLEZT Y K
HBRLFFTEECEMUBETH, —BIKIZZOR
BT B2 ERFFEEITLITD.

L AT, MBEKRE QICHIFEALRART, (m @
BIGD Q i, 9~10MeV FLE O BN AE N OMN
b, COFEBDOW L OLDOKET, EaEhTick?
(n, o) KIGHHBHEINTHE. COBOERIL, HF 4
> MCFARLANE, V3@ ANDREEV, Porov & i,

ARZIN, BER, "WVF—, R—F 2V FTTLELNT
Wa.
TABLE1 Results of some (n ,a) reactions
E State of a(n, a)
Target Nucleus (MeuV) Daughter at 0. 025V o2
- _Nucleus | (mb)
SN 7/2- | 9.46 | 0 '8Ce | 1545 12. 5%
7.86 2% ~1+0.5 89. 0*
4+
7.38 | {2 ~0.2 ~100%
l+
IBNd 7/2- 8.57 0t '4Ce <0.1 <6.2
7.94 2+ <0.1 <23.9
usSm o 7/2- | 9.87 | 0+ 'UNd | 0.16 0.28
9.18 2+ 0.53 2.2
WSm 7/2- 9.21 0t MSNd 4+2 1. 1*
8.75 2t 20+10 2. 4%
8.15 4+ 140.5 0. 1*

hEHK KD, SOIKECERE U, PufiliconTo
EEPHETICE D (0, @) RISORERIE, RTEIRERS
TS AS, private communication & LT, =47
BhhTnd. choDORERIT, FHEROHZHRE

ST D,

2. PEEFETOEEFEFICLS (0, a)
RI&

17Sm, 4°Sm, Nd, *Nd 7z &2 T (0, @) b
DFEA TABLE 1 7RY. (Fh, Sm, “Nd 0#E
FhhbhORIEERT)

3. PEROEERENDD a ik DLE

HIfD (0, @) RIGEA T, Nd 2R Cid,
WD, ground-state a FHiE R XN TS,
LHL, #hFhD reduced a width 62 12, DL
@ ground-state a JEK XD ~10,000eV BETH
BEEZ o, KEMEFARRLIESGK P LD a
i reduced a width A3 1~100 eV BETHAD
I BRTHRBDICKE . fo& 2, wNd 2 ground
-state @ WK TH D, a BHHH 5x10" year in b
reduced width {3 8.3x10*eV T& Y, Neutron Bin-
ding Energy 721 H£EREL D ED "*Nd (nm, a) X
GOEALAW “Nd 250 a i ® reduced width
12,5, 89.0eV s i { 5T, (B MICAkEL.

4 BOETOEERPEFICED (0, o) KIiE
&, # O ground-state a Hi i & O HE:

* JE#F JAERI
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4.1 *Pu OIBEE

Py D o AT 62404120 year (a TRV
F—; 5,159 (76%), 5.115(24%), 5.014 MeV (0. 1%)
RE) T, chds 8#=4.04x10eV THB. —H,
235Py (n, @) U OFIRIT DT, ANDREEV! DEER
iz E,=11.4+0.1 MeV, Wiifiks ~20mb OfEE 1L
TWE. chhs IN=4.100%eV & LT, M,=2x107°
eV L7hi-»T reduced a width Z5HEST 5L, &=
1.63x15%eV &4, EiQ **°Pu ground state a f{i
@ reduced width &[EUERETH 5.

4.2 U 0OBE

35U @ o BEDEMIIE 239X 107 year (a T ¥
—; 4.499 MeV) T, #® reduced a width (3 &=
1.4x100eV TH 3. & AT ®»U@mw a) **Th OK
ek B a#iibid, B REES 2F - TV 375
SOWINSKI? () preliminary 73 EEATIE, # 60mb i
EOMERTHEL5L L, E~=10.9MeV ZHEL T
. i d I=40meV & LT 02=2x10°eV L1i3
1, ground state a J§H D reduced a width X b iiic
AEVEERENS. bodd, #60mb L SEIE—
FEERETERENIa AV P HHTVS.

WEhIc LT h, Py, U Oz 7 v ¥ —DrhikT-
D (nm a) FIEOERIZ, Ih»o0EBRBEREST
nahs, BERENS EAEFFESzANF 72T LD
AL SD a BEEO reduced width BMEBEEL L W
&3, MEROBGLENLATHS.

() @ reduced a width ODEFHE LT

oAb _ 2.866X107% iy

@ P, 0#HHERFVMOREREOHEI—F%
vy, —V=60MeV, r,=1.5f, a=0.52fD

xR,

5. BED (M, a) R

McFARLANEY 53, SLR#AFESZHMT, «
HFABTHRaGEFREL DO XKL, ¥ DNy 7

JAERI 1158

7739V FOBOWFITREOER LSOO EE D,
19Sm (n, a) “Nd KIET *Nd O % = 5% —HEhr
DGO NEZRIET 2ERA T - 2. TABLE2 (3

TaBLe 2 Fine @ decay scheme of '**Sm(nm, a)*

Excitati

et gglgés;n ona(mb) |5 (V)| Jr
9.178+0.004 | © 5.36+0.24 | 1..13 | ot
8.73440.004 | 0.456 |38.7 +1.2 | 2.22 | 2
8.162+0.006 | 1044 | 0.67+0.04 | 0.15 | (&)*
8.019+0.006 | 1.191 | 0.81+0.05 | 0.53 | 3-
7.835+0,008 | 1.380 | 0.22+0.02 | 0.60
7.745+0.008 | 1.473 | 0.18+0.03 | 0.78
7.683+0.020 | 1.53 | 0.10+0.02 | 0.57
7.474+0,010 | 1.751 | 0.40+0.03 | 6.42
7.393+0.010 | 1.834 | 0.04+0.01 | 0.91
7.316--0.010 | 1.913 | 0.2440.03 | 869

ZD$BETH 5. McFARLANE (3 '*Nd o 0% 2t @
quadrupole-phonon L~ & & Hic, 3 D octupale
phonon DL~ ZEHFEL TS, 51, “Nd 0
1.751 MeV & 1.913MeV @ reduced a widths 82 3
MV AXDI, *Nd @ neutron pairing energy
Wiz ¥z, 1particle—1hole O kX2 B H -
T, multi-particle~hole D FIfEfHERED S DIEH % D
EHTNBEHAL T 3.

GBR)

KVITEK, POPOV & @ &E# R T % » TOERL
L, EICEKROH L ERMNRS BH, BAREO.

X M

(1) Anpreev, V. N: Private communication.
(2) Sowinskl, M. et al.: PAN-462/IA (1963)
(3) Cueretz, E. et al.: Private communication
(IA-984)
(4) Oakey, N. S. and McFarLang, R. D.:
Phy. Lett., 24 H 142 (1967)
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(f-p) = 8 W © #% # 7%
(EBE: L A)

Part 3
Structure of (f-p) Shell Nuclei

(Chairman : HisasHi HORIE)



JAERI 1158

1L (f, ) B%Ehi& Lk model @ review 125

1. (f,p) BEHLE L7z model o review

oM ® R*

Reviews on the Nuclear Models in the Region of (fp) Shell
MUNETAKE ICHIMURA*

Structures of nuclei in (20<€Z<40, 20< N <50) region are surveyed. The
region is divided into four regions (1) f,,.~ shell, (2) multi ; single closed shell
region (Ni isotopes and N =50 isotopes) (3) Z<28<N region and (4) BCS+
RPA region. (1)~(3) are considered to be mainly in shell model region and
the main thema of (1) and (2) is seniority and that of (3) is np-interaction.

Some analysis for these regions are reviewed.
Several types of seniority schemes e. g. generalized seniority, odd group
model, seniority-reduced isospin, etc. are interpreted.

1. & &

¥Y (fp)-shell LR EDLIBERTHS 5> b
% A, —4k harmonic oscillater potential @ 3w level
Tibb (1f2p)-level OS5 T 2HBEIET LI TH
Bh, ZDOT L, pshell & (sd)-shell DL Hic
popular TRV, FE, HkEE L, (fp)-shell 5
WSS, AP IR, DENCOHEESERL
TWaREVIE, BTLBZITRR VLS IKEZ
5. CLUAMBPERORSREBEL T AHBTH S &
WIS RBREE LI BB H 5. (fp)-shell T

E/hw, 2 (404) % (13}

A3 (301)
24 (303)
35 (301)

55 (422)

35 (221)

3z (202)

3£ (330)
14 (200)

0.3

Fig. 1 Nilsson diagram for (fp) region

BZ, hEFHN R ?, LOoLS5UEERDD, —ik
HER DONE P Fig. 1 i Nilsson diagram %55 L 72 23,
CZON»PLXFEDIC 20<Z, N<40 % ( fp)-shell &
W 20IKIIERLD A H. Magic number & oot
T 20<Z,N<50 LIkd2c&b6 26030, sub-
magic 38 TY 22 L bEXIONB. Th—KHEME L
Ty 1f100 2P5s0s 1f 10, 78 eXPIiCit ‘Cﬁgg_%ﬁ%
%z (fp)-shell OMAL T 23EZHETE 3. ZOB
2, N=50 TH 60 T& (fp)-shell DT »iiH% 4
L N,ZH 20 IFTHRAMTH 2. kS (fp)
—shell L 22T STV, EHICEHRLIZEC
ATHEERTH 00, —ih 20<Z2<40,20< N<50 o
TR - T, LS N T % isotopes & 7 DIELEIRAE
D spin% Fig. 2 [ICE EDTHI. ARk HUN%E
EBICRTFNO ORI EDBD LN o B TIEL N &
THAIN 2T, T-b&ickh -7 Table of Isot-
opes” IR TWE D%~ ZFTH3B. Magic 20,
50, submagic 28,38 % TH B, Pow Pise D close 3
LDECHEHEBTRY 7. Biffi shell model iz Xk b
spin REDEEHBTEXEhR TV IZ k.

XT, Fig. 2 WiREhKLHRBIZENT, Yok 5k
model BEZ SGNTNBTHA S5 BFOEHICIT,
ETHHEENRC LTV, COHBRE X Dok
DIPOWAIC AT TEZL2OMERMEEDNS. TR
LT

A Shell model £H%

B 3k Shell model ffi#% (B.C.S.+R.P.A. $51%)

* HABIT Nihon University
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Fig. 2 Nuclides in the (fp) shell

MEZI SN S. —iic shell model fHIRE W, Fhic
X3 2HEBE N D &, —REPIERR & EHESHE
BEWVD, EbhoTHMNEE BB INE. L
L, 22T fALLO—EREROBEN 5125 HKE
RARERE L, £ O ¢ Hamiltonian 2353MA1d 2
Eu 9, shell model WYFHELFRE @ TATTHEARIR & AT
IR E O DEMREEBE D S e FRERBTH A 5.
IR Bz B Tid, shell model it - T, —&EL
wHmE LT 3B B.C.S. ®Eigic, closed shell noith
Btk INZEAETH %2 X T 4 2 Random
Phase ;5 (R.P.A) %2 fmL sz dsh T3
% WTHEDEREDINC E np-HOHRDOKRILC &
5 B.C.S Iflic bMERH 2 L, REHHEESKRLH
#7T, ¢® BCS+RPA &\ 5EEQFRFRSARMED
kL, HbEOFRASFELBTVETHRINVY. ok
5L JEAME, £ LT ORMANT L S HEMICKRE
DFPPEBELTO S L OHFERAMLELNE AR
(fp)-shell T HZEEH, T, BOKICE~RTES
XERAHEHATH DA S5

wic shell model fHIKA %, X 5iC

A-1 f,,,-shell (20<Z, N<28)

A-2 HE j HEMEER TR

A-3 Z<28< N g
LK D.

A-1 f,,shell {3 magic 20 & submagic 28 ZFRZ
NP U7e shell 21E - T3, JI-MANHETHO,
single j shell O#METHY, BFhEFHE L j-level
Ed, BDOED JM T2 E, LOXSUHEERD
bOELTREOASY. COXSUMEDIL, EMEH
FFA2ht5 shell model BHAMETTE, np MEEZE
L OSMM 2T 5 L T—2o D MBI SHIR & W FF
Ehs.

A-2 #HI%I3, Ni isotopes 2 N=>50 isotopes D X 573

single closed shell nuclei G, ZIHENL pss2s for20 Prs2 D
BE5d 3B THSE. AERTREGE, ZL0FKT
F, BEHEMRTS shell model HEMNTHLL S &
HAENAORKY, BCS ERicky 28R T &0 Ol
DML AT BT HEOEBTH 5.

A-3 BEBIE, BT fre TN P s Pir)
LRI S EEN Tactive K ATH 5. COEAETR
THETFRENDIZOOA L RN np-H 2B L THA L
T3 &S image KD B, StcfcU shell model
HEFREELE S ¢ ¢ TOHRLFERDR MR np-HTH
3. np-H O EEHEREF T 2HFOFABEEGZLTH
3. bbAHA, np-HOBNSTINERERNZDHATH
> BFCMEBRICIERRT 203 ERTDH 5751,
% L ORRIZE TN &L S Fig. 3 IO T ZRIR

LTh 5.
38 /’,’/, %
L B
;
//,// B //,1?
o i
ﬂmﬂﬂﬂ e 3\
i 4
TN IN

38
Fig. 3 Classification of nuclides in the (fp) shell

2. Shell Model & Seniority

AMRLKICBHBENEOBDALRL, LOBELK
AAERICBF%T 2 shell model i€ DT A AEBELT
<.
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Shell model 13, 2 2DIRE
(1) FAIOPESE (fi% inert core i, @ 1{kHEERS
TERT A0, {ohOBRFHICK BHIREE)
(2) Hamiltonian ¢ parameter DT (BYHEL
ER OM|E)
D LICERTEN 5.

R (1) T,HETI—FEMEED S E, ThiCK
ZERTELROBENMELILS. TOB, TEBIY
HERXIEOVIME ST 2R, YREREE X Al
ELEMEINDG. CO%EALRODOIED % coupling
scheme &0 2. FPALMLT, LSHEA L 7 #ahd
5. (fp)-shell L H5EER LS #ax iz gsn
Zhid, EOLOHEBICHSE N, TOFATIE 47 #
AREBHBELEL T 3. JJ HRLEEZSISICHRET S
DT, LIS UL seniority LW SBEESMSN5E. C
g, BCS o#ER FHEXIGL, A, B 2 fHIRE DI CH
B MATH . O seniority A UEDER
IC variety 883H B3 DT, EhEEslLTH L.

2. 1 [RFERLF single j¥
J=0 ORFFOER, HBRERTE, &% Sus- &
T5&

S;=2(=)""a"matjm S-=(S)* (1)
L8R, 2T a¥y, 3 im REOK FEREREFTH
3. 0E, J=0HOEELEOIRER

S_(atatsat)|0y=0 (2)

v
TEHZINS. —KO nhiTRIT, ORI J=0xt
BRGINAT, _
(Sy) """ (a*ats--at)|0) (3
\_\b,_,

THEBCEMTES. 2DEE, bEDREBOKT v
J seniority &\ 9. &L, jL7/2 13 51F, seniority v
BN ZAMEAEAOHEICORNETRERL ST
EHEENIE NG, chhs, seniority DRBITH 548 £
DL E LT, ik 1d seniority psAEAH Il KiC
ZNSEHNAT 5.

2. 2 [EHERLF, molti j OIFE
Zhicid, 2o0%E»RD 3.

2. 2.1 RME O seniority OF
2.1 OFBET, KHEMN D seniority v; ZEHL, TOH
v=23 (4)
b o7, seniority EEHRT 5. Licdi-T—HRODIR
fEld, ROXTIELNS.
(Sin)(Syry)es - (aty-arp(aty-aty)- [0
v;r v
(8)

2. 2, 2 Generalized seniority?

Seniority ZE#Y 5 J=0x& UT, RIS

S,=28;%* S.=SH* (6)
=L,
S-(a*; ...... a*;a*;r ______ a+j,___) IO>=0 (7)
v

iIck b, seniority v 2EH LT, —RORER
(Sy) P2 (gt atjatjree e a*tp) 0> (8)
vir

TlES.

Zr APNT, 2.2.1, 2.2.2 OFEVEBEEKICHRBEL X
5. HBEREL XOH—ERE 1. 75MeV;0%) (33t
ICECAL

a;(P1/2) g0t b:(gas2)?y=0  (@E=gr, 1st) (9
ZHOEELIONG. 21V IKEAE, v,,,=0,v,,,=0 T
Ho>5, Hic v=0 RETH 5. —FH 2.2,
v=0 RE,

Vo B ueta 8 o ime
THY, bHI>—2Dh J=0 {RaE
‘\/% (Px/z)z.}:o— ‘(13* <P1/2)2J=o

12, v=2 &175%. TALMI® S0OHEICELE L (Aa/bar)?
=15, gaE® (He’, d) ONZRFH O, (@e/be)’=
2.2 Ths. LIhoT, 2.2.2 OEBKTII, seniority
mixed state TH 3. HHEICEN 535, 38 % submagic
E40EZHLIEVDIR 9o DBROHEEIERICKD,
ERDE I b SRELIBBCERIB-EDEDNT
WHZERERLTBI .

37 2.75

T 2.74

i 231

2t 2.18

ot 1.75

ot 0
332!‘ 50

Fig. 4 Low-lying level scheme of §§Zrso
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2.3 EEHFR
DOEE D, single j, multi j O¥EHH 5, M
D1 single j OEFAICRBEET B TDE X,
KD 2ODFiHEMD 5.

2. 3.1 Odd group model

licti- T, BBF-% seniority vy, Wit F3A seniority
v, EELL, TOH v=vp+v, % seniority & X3
H#1:, NORDHEIM rule® XiI, F—FHKOKEEIREE
i3, ve=v,=1 DRV |ptial BT EED
> T 3.

2. 3. 2 Seniority-reduced isospin scheme ™

J=0 0¥t HHFHEUMCEFRETRESE L
SP+:Z(_)j_ma+ij a+P.7'—-m’
Spr=2(=)""a"  ima" pj-m>

. (10)
Son+=2(—)""a*p s a*nj-m> J
Sx—=(sz+)+ (x=p, n, pn)
%% R, MWERT & T 5. isospin 2 O v RIREET
Se-(atp at,)10>=0

Aiited & X, v, t %4 4 seniority, reduced isospin &
Ve hEBIc—RORER
(877, (@tperat ) [0) an
v, t
TESNG. CHRFNERENHEIER
H=G(SP+SP—+Sn+Sn—+2Spn+SP'n-) (12)
%x3f51t9 2 coupling scheme T& 5.

EER DI, B 230 O BE AL BTN S
53, 2.3.2 |3 isospin formalism iCHif » T % 2» 5, seqular
equation DX ITII/NE { T&, analogue state ORED
5, isospin @ HEWMNEAR I ALOOHATH
3. UL»L, BIE COWBKTD c f-p ODRRRBEN
TODBODHNTH 2.

Shell model (B 2E (2) OHRERERITLTD
BB TiHmT s L &7 5.

3. fyoshell

FEERME (fo)" ER o E SRS e
BAEEZTHED.

1) Ca isotopes % N=28 isotopes (I, HEIHIIT
seniority ZRVETHET 2. (i 1l 2#58H)

2) Particle-particle #H £ & hole-hole #H{H {EF
Hs

- 2f+1-n m
0‘vJ|lngVuU v, I

n
=" 2 Vg l|i™I)+8,,0,Xconst (13)
1<i<k
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THRHUEDT o5, (Z=20+a, N=20+b) i &,
(Z=28-b, N=28B—a) &I, HLOELEERD. <
DOEFR% cross conjugate V5. & charge inde-
pendence % JTl LWhid, £ { DMAE UkiEEH>C &
&1 5.

UEZ2R, (fi)" BEMOSRRETH 508, X
SICHBHEEM % & V Al simple shell model G,

3) Even-odd #OEERER VI3 7/2°THY, 1
Nordheim rule jc L#id

4) Odd-odd B;DEEIREER /12 0 2137 &2
2ETHS. So&EHEEDUT

5) ERERTRTH, Filli 3 TW~/: seniority 23R
WEFHICKE > TR TH S I

ZLTEBRERDTAL .

1. BERERAY L, odd-even T 7/2- L1513
WHlE LT,

3iTi5(5/27), £V..(3/27),

35Cr(5/27), §iMn,¢(5/27,7/27)

A 5 b, Odd-odd ¥4 T1E, NORDHEIM rule (&
RNFIDT D% (Fig. 2 BRD).

I. Cross conjugate FARINICH UEEREDED
¥ level scheme % Fig. 5 [T MOMBILCTH B
F% = thEF%2 v LT .

@ v & z° EVSHEGEES ROMESKILT
A,

(b) % v 7% n7® 11 % single closed shell o fi.
lowest 7/27,5/27 I3 X {XHEL T 248, A RIHHE.

() =%yt & = *v7? 13 even-even cross conjugate
#i. Lowest 0, 2,4 i3 X {HEL T 5. 2.95MeV »
5 level 23 dense 17232 & &KIEL T 2054 level
WDV TIERA]TH 5.

@) 7wt & 7! 732 even-odd cross conjugate 1.
BIEDEER T — 2 Tlid, xS AHRE. Low lying 3/2*
state IS B MRS

() mv* & z%™* 73 % odd-odd cross conjugate f%.
2%, 6% 735 low lying isomer 2SfEfE$ % ¢ & TlIiLiE
LT3,

II. Single closed shell o seniority DN % RKT & D
L UT kRO Schmidt EhSoFhe, ML &
BN (M1 13 seniority 222 7150) #8d 3. C
Z T, critical 7z%j& LT, half closed shell nuclei
(#Ca, *Cr) © E2 BEBx 472 LD cols E2 1
dv=2 DIREIcD AT TH 5 (half closed shell @
k). **Cr iz refer LTHIHL L 5. 3.112MeV (6%)
WEEIT v=2, 2.766 MeV (4,%), 2.369MeV (4,*) it
K42 v=2,4 L assign XN 3B¥. LT B(E2;J
=6-J=4,)=0 L3 B3%ETH 5. KERITY, 64,4, O
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(6)" 319 (8)" 320
42750 4+ a6
(2)" 2423 —) 1902
(&) 181
1.60
0" 1836 (3)* 1.304 —) 1432 ()7 1609 143
2+ 1524 2t 155 1.28
- N
(2)70993 %~ 0.9320
(34)70.504
57=
. 5= 0.320 0.38
(%) 0376 75 = 0320
0 0 0* 0 %%~ 0 (%) 0 %~ 0 e 0
;ZC‘“H ;:Ti 28 ;socaza ;:Ci‘zs :;V“ ZZMnu
(a) (b)
62 3.64
3.54
3.44 3.35
Pyt _—*315
296 Y 201
W) 261 )7 0548
2.03 2.03
1 2.00 n 1.90 —_ 208 2.03 2" 0383
jvm—— —21m
r— 1.58
N
L5 o 810071,
. 1.068
e
2 0889 2t 0783 0.80 (1) 0.1463
o541 (3)” 077
(- 0.375 (2)0.0678
+ + 3¢ + 0.0125 7 o+ +
U“ 0 U“ 0 y"* = = 0 z“ 3925 L - 5.7d
22 Li 54 24Cry : 219€C2, 24Cra 215¢,, ;5Mn21
(c) () {e)
* Fig. 5 Comparison of two level schemes with cross conjugate relation ;
9 P £
#2Ca and 5°Ti, **Ca and *°Ca, *'V and %*Mn, *Ti and °Cr,
#Sc and 5'Cr, “Sc and %*Mn.
Figlkid 90 : 1, B(E2) BTk 2:1 EEEESE. L information ICEHHITNEIHONEA STz, Lich->T
L

7o o TA &7 seniority mixing AS YL 75 25,

IV. SRR 73R O seniority mixing {224 T infor-
mation |}, static moment, Y-transition, f-decay, 3
FPRFELL 0L GONG. %D h» O HIL, projec-
tion )7k & BT ABICGENE L L ET B HLD
mixing ZRTEBRMBIZCELTFRELTHBT S,

BT COXINKREEEHRNT 270, BRIZE
D&HIRIRETS Lch. 7,

A. Shell model B DKL
POFHLED. I, I O FHEL S, WO, FEhL
(frd™ BILRUBT TR SO, UL, RERT
REE JEETE, KL, FAEUHEROESEMLT,
KRIGERBHEZT OO TORY. £CT, & BHENr
REPCHOBNZBHEL LT, B OB, KR
(for)"Efirk main LT 2LEZLONBOTEHS Do
COVEPDL, 1,V ORBFEEHRWT2RAE LT
fRFEHL D DIC Ref. 11), 12) OftHMNSH 3. BHHEL
{EF @ parameter |3

eIV fr?T) (14)
DB ThHB. e (K% {iSc,, @ spectrum 5
RELTODD, HOOFHE YK, J=odd txtd 3

ok

TNICHEICHBERROBRCIT, BB EEM 8BS
V. —IKZ O EIc K B L, even-odd BKic BINTIE,
I 7/27 13 low lying TH 58 5/2° dIEL 5284
BdHsb. Ll, 327 BERODEIIWELRBEC &I
(AN

V. Low lying 3/2- states

YV gr, (5/27,7/2 &triplet),
9V 0.153 (3rd) (5/2-,7/2- & triplet),
Cr: 0.77 (Ist), V:0.93 (3rd), 75 &.

S2EX IV TR seniority mixing {315 DHETHA
& o [t EELHIEERHTE A,

Single closed shell I DWTIZ, Pz fors Prve D—IP
RO UEBEZEE ULHEBT LN, BhickBDKl
T T 319

B2ZOHELELT

B. ELLIOTT & generating procedure

LAWSON 01810 JfnB L T3 H#TH 5. chid
single j Nilsson BEZNIIREE L, ThiEHEHE
DEHIRREIC project § % HH:T,

Vo (2) = @I+ 1) ¢! x| dRD " (R) 1 (R)
15)
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TEBEEESLTLE D BETH K BSEAZN, C
% seniority @ 37355 & 4413 highly seniority mixed
state Thd. »LT, B LV IS (L single
J OERETUEIIEER) »oRBMES X, FEiC
Hamiltonian 2 < 2 LI LW HENZEZONE. £
B, OFEREDE LN HEIEEAL, Ref 11) O
B & overlapping b K& K, p fr{f, HERNTE
T EREOFMICELIE TN S, TABLE 1 [T ft fHiC

TaBLE 1 log ft values for f7,; shell nuclei, calculated by
use of wave function generated from positive
deformation and seniority eigenfunction.

(LawsoN R. D.: Phys. Rev. 124, 1500 (1961))

Exp def. (t) sen,
$Sc (7/2) — #Ca (7/2) 4.9 4.21 3.88
$8c (7/2) — #*Ca (5/2) 5.0 4. 82 F
STi (7/2) - “Sc (7/2) 3.4 3.49 3.59
#Ca (7/2) — *8c (7/2) 6.0 F 3.98
BTi (7/2) — %Sc (7/2) 4.6 3.96 4,61
Y%Ca (7/2) — *"'Sc (7/2) 8.5 F 4.25
YSc¢ (7/2) — YTy (7/2) 53 F 4,39
¥Sc (7/2) — “Ti (7/2) 5.8 F 4,25
By (7/2) — ®Ti (7/2) 6.1 F 4.39
SICr (7/2) — 'V (7/2) 5.4 F 3.98
Mn (7/2) — $Cr (7/2) 5.2 : 4.66 4.61
Fe (7/2) — *Mn (7/2) 5.1 ! 5.04 3.88

DINT, EEE, ¢ O T (def), seniority scheme
(sen) DIE%F & HTHI'. LAWSON 28 DL HETH
AL Uk, COFBTOEANRBRNEENE LT,

VI. Low lying 3/2* states’ 23s%51F 541%. TABLE 2
{C Sc isotopes O 3/2% stated JHic energy, M2 life
time, M2 ZE/ @ hindrance factor 2 OEERE (Aobs)»
AT, seniority scheme TOEEE (Adaet, hsen) B
X U core polarization probability a,2 ZRUL7z. T C
¢ hindrance factor &%, Moszkowski single-particle
estimate Bsng (E2) Z U,

1
Buxp(M2) =—;

TE#L, core polarization probability a,? i3,

oz )=e{(@)s 4
'(fm"H)o,”T‘l]ha/z, T=%-1

ral (4)8, 4 hoas ) g
e (17
ERBELIKOD a® 26> TEHT 5.

ZDOJiE, level sequence 120V TiE, &% 2T
RN L, COXSIRBOBICENT, RMLERYK
picture S35 C EIFERIT, ¢ @ picture o H
#EThid, # K mixing s hs. 22 THE3
dmodel & LT,

Bsing (M2) (16)
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TaBLe 2 M2 life times of 3/2* state. Hindrance factor
h calculated by generating procedure and seni-
ority scheme. Core polarization probability a,’
calculated by generating procedure.
(LawsoN R. D., MacrarLaNe M. H.: Phys. Rev.
Lett. 14, 152 (1965))

Eex (keV) llfe(;zs) hobs hdet hsen agz
Sc | 150+3 628 13.8| 87 2.0 0.39
4Sc 13+1 |0.44x10°} 14.5| 9.2 2.0 0.43

Y8c | 760420 0.40 20.21 9.0 2.0 0. 40

C. Strong coupling symmetric rotation model with
Coriolis coupling
itk 3 even-odd DM H S . chid, (f p)-
shell 2818 U 7z % @ Nilsson model %10 (Fig. 1 &
iR), Hamiltonian
H=#*/29 (R,*+ R, +4*/29 ,R*+H, (18
Hy= _%A +%ﬂ(wzxz+w2yz+w,’zz)
+Cl-s+Dl-1 19
LT 3 ETH B ¢ T R=I—j,1 134 =R
Y, j i3 last odd nucleon DAV VY THB. T
B, E®IcEL, K-mixing 2542 ¢ 0, level sequence
%, effective charge Z H 4"z, # B(M1), Q, B
(E2) 25 5 HEHRATE L.

LIk 3 model @Y, EBEO—FK F—%KiL H
FEERICH > THELL. HEEXMOLITLH 308
TOEBTR, REERBALTHECEbIEHLTEC
5.

4. Ni Isotopes —X F j #ELIRIBH FFR—

# L A-2 offIRic 21T, Ni-isotopes ¢ shell
model EURVICI » T L & 5. —R¥ERLIE Ni &
D, Fig. 6 DEHCBONEND, BMIFRAE

(Bsre [sr2 Prr)™

ML 3.
- 26 £
%~ 108 oo
i M |
%~ O px

# Niz

Fig. 6 Single particle levels in 3;Nis

SH J LB E, 2TKTHIEFH % parametrize 4 5%
LR T, 4FTHRRbhTHB3HER,
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(1) Vy=Vif, e[ 172c0s]

+V.fi ) W‘

+ Vof, (riyp) [ B(Ui.rt;?”(za/.r”) — 05 U!]

+V fs(rig) ((oi+0) +d:1) (20)
&L, filri) & LT Yukawa B Gauss s b
5. Xoig, V,V, olt% Serber % Rosenfeld &liz
BHED lix T2E455%0. Ref 18) itk 3L, o
parametrization T3, #H— 0* REZ LS LT HR
T&EINT &, ground D energy Z A& 30 7EMH
itk 3 V. Ofins factor 2 $REILZ LEERHLT,

(ii) (i) +Slater integral I,

Lu= [T Ras(rdV v osidry @D
% parameter & LT, y*fit 2712572,
(ili) Surface delta interaction Vspi!®
WD d-interaction DITFIEFRIT
(J132 I 16(r) | T5dud )
~W,Giddsid [RuRuRRigdrt (22)

LET B, T THSPS% l-independent 73 E ¥
BWOicbo, $iibb

Vspr= WJ (j1j2j3j4) G (23)
73 A RAMMNAEE I % surface delta interaction?® &>
5. Zhid lparameter TH D, 0, L& j 1 {KkaEH
IR L TV BHBIRT, 2. 2.2 O generalized seniority iz -
D, EHEREDEZ S5H, X 51, E2 enhancement
REDENMMEER DI L OBMEZILZ T3,

(v) K-f77 )

Hamada-Johnstone potential £ — (& 1 SFED |
Fonte, HRETO KTHTHEXRMFESATY
5.

(v) K-matrix with core polarization

Inertcore & %1317z *Ni @ polarization OZhE%
effective interaction |{CERIAA 7S D. (iv), (v) BEE
FIZ i no parameter theory T&h 3. = D {ll; TABAKIN?®
@ separable potential i3 2.

v-fit THE SN/ (1i)-type @ interaction DFFFHIEE
REfho type Db D EHBT B &, (i), (v) 3HED
FO—FERLTHAB*. (i) & O —Hi3 seniority
scheme DA XD %, (v) & D—FKiZ core polarization
OEEM% suggest LTHB LWV Z K 5.

[Seniority /8 & DRELE SR > T BH] LW SFIHE
2, TEDREB.C.SIELUCK ZIRRMEMTH S H)
ETHA EH#HFETH 5. (seniority ~quasi particle 3).
TABLE 3 i Ref 18) F#ic & 2 B ¥ D seniority @
SHEIRLI. (2 T seniority &1, 2.2.1 DNAT
H%) CORKDDEDIEMNZ LS.

f, £) B&Ehih&E Lic model @ review 181

TABLE 3 Seniority distribution (%) of various model states
in ®Ni and ®Ni. Seniority v= v3,+ vs/2+ v1,2.
(ConeN S., et al.: Phys. Rev. 160, 903 (1967)

state | v=0 l 2 ‘ 4 6
0, 99.7 — 0.3 -
0, 87.3 — 12.7 -
1 - 237 | 7.0 | 5.3
SN 2 — 99, 4 0.5 | 01
% - 8.1 | 107 | 0.2
3, - 0.6 | 503 | 0.1
4 — 92.9 7.0 | o1
v=1 3 5
a2, | 9.9 39 | oz
/2. | 266 | 723 | 11
o | G20 | 921 7.3 | 0.6
3/2): | 208 | 656 | 46
G/2, | 9.3 36 | 01
6/2. | 208 | 743 | 4.9

(1) O*;v=0, 2,*;0v=2 T 0.5% PIFD mixing

(2) 3/27,5/27,1/27; v=1, 0,*; v=0, 2,*,4,%; v=

2T 10% LI Fo mixing. ¢ #1125 5 v ic, vibrational

model @ 0,*,2,%,4,* | v=4 main DEZ L ITHAR

nize.

(3) L%, 3,%,2,* {3 seniority strongly mixed T&H

3.

Core polarization OEEEM: | effective charge € ¢
FHH TV T, neutron ¢ quadrupole ) effective charge
D, epn=1l7e MLOKREBEHEELTZ SN 3.

5. Z<28<N 4EfE

1T~k Sz DR T (f12) "™ Whssafss
212)" 12 BENDMRE S, main thema {3 np-HIHAF
HTH5. ZhiZ LA A1 approach i 2 5,
TNZENHET 2 &,

(1) zn'—u' RT3 Ceyy DALY P L2Y

(2) N=29 ¥® neutron single particle level @ Z
[laR - (A

(3) One nucleon transfer reaction ¢ spectroscopic
factor ¢ sum rule’” (Energy weighted sum rule &
Vo @ multipole 2B {F¥RDRIE)

(4) #:E¥, #z2id {IFe,, @ ground o spin A31/2-
THHTE™ (HBED 5Cr,,, NI, T3 3/27).

(5) JLE#i7s shell model fitting?®
EhBFoh 3.

AETORETLShbDE LT,

(i) Parametrization of all matrix elements

(ii) od-interaction

(iif) Q- Q-interaction
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(2. ) Bicsd 3BT-hEFHEER 138

2. (p NIBRZPT G- ETHEEN

ZA )N | B =

g

2. Effective Proton-Neutron Interaction in (p,f) Shells

KENGO OGcawa¥*

Effective interactions between 1 f,,,~proton and (2 p,/,°1 f/2*2 p,,,)-neutron

are determined from forty levels of the nuclei with N=29.
are reproduced very accurately.

The energy levels
The twenty matrix elements thus obtained are

fitted with a two-body potential of general type and the resulting values for the
eight potential strengths show that the role of the tensor force is very important
for the changing of the 2 p,,,-2 p,,, splitting between “*Ca and ¥Ni. The energy
levels of **Mn, which has an anomalous ground state spin, are calculated by
using these matrix elements and fairly good agreements with experimental data
are obtained for all low-lying levels,

1. XWX

Wk, RFRCBY 3EF-rh:THERRR, ¥
LT odd-odd HDELKICL > THRSO N TE. L
L, COMEMEHOEER, MR odd-A %, even-
even KICHB<E LN TV B EEZI SN, #Hlid
closed shell 5 { € B1F % odd-A BT, single particle
level DEBIT BT, E 12 IREFERDOMETIL, phonon-
phonon I E fEF %, phonon-particle EEBIC BT
ZOEF-hi FHEEHOHR 2+ HicEL kTS
B, ZOWMETR, COXIBEEADL S, BlifTiibh
7z HORIE, ODA, OGAWA!'®' |z X 2 rhif: 73 N=29 ¥ic
B - THEMER O Z 2N, (p.f) shell
KOS El~R 5.

2. N=29 ZDRHES

N=28 ¥i2, Ca-isotope [F#Eic shell model DR E
WREEFE LT, TAMI® Sk > TR H S R HE
WENTER. 2h oDk, N=28, Z=20 72 closed
shell 2T 27, (L f )R TEDTC ERNT
3. COEUOEEMHIL, =5 v —BEALD systema-
tics MOETH LN TV 3.

N=28 iz, kTl Dinb -7, N=29, Z=20
~28 BEELTHED. Z=20, 28 TH1=5 “Ca,

Ni » 5, T single particle energy 2423 ¢ &
MNTx 3 (Fig. 1). “Cax coreiclL, BBF, hEFOR
P& LT AT @psm LS 280" BRALZE
U 7= shell model it X 228 AE 1 T 3.

—#C, AROBTOEDTHBHE jp ICHET 2
THEFOWEDS, TTIHREL > T B3L D REMK
BT isospin {3 T=Tz=N-2)/2 +—&HmiciE
->TL% 5 (Fig. 2).

ZDEx, Jp-BTE j.hHEFEOHEBEIERDOTS
BEHiT

<jpjn|Vpn ()] ijjn>J
= Wiral Von() | pindat -uns
+<IpJn Ve (| JpJuda’ =1, 1) @)
TEZoh3.

Ni & “Ca DR~/ brDiEWNE, “Ni kBT
i1, “Ca WEEELBOSHED 1f1,-BFE 1hpkT
EOMICEF- i FRE RSB M L C &ick 5.

BT Jo-BED 2/,+]1 MOBT&E, j-#5EOH
YT & DMEIER dejy 1

5 275 1 . 27+,1 .
Bes=n" " @) inlVon D1y 7 (©) Fudrin

4
=3 S ada Voa (D) Lisdadsr (2)
LB 5.
LIcds-»T, Ni B80T 1f~PHTFofEox

Z“/V;F'_‘fﬁ—l:.')‘((/\ {Z & ¢iA€fS/z_"A€1’3/z OJﬁi)f, 7{%

* WET AR Tokyo Institute of Technology
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Fig. 1 Experimental spectra of **Ca (ref.l) and

SNi (ref.7)
C jn
o e
» —O
Z N
T=(N—2)/2

Fig. 2 Isospin in Z>N nucleus

RAKIBZEEZRLTVD. DT &R Ve, () &L
T short range 735]4, #lxiL o-force Z{NEF 5 &,
1 0BT eE 1 fs,— P TFoEREE NELTH B
¥, defo, 13 depy, THAN, HEHMED K & 12IEICIE S
zEhD, BECHERINS.

— 2Py 2P D splitting D% ki, Fig. 1 15
bk A€p1,2~—AEp3,z= —0.95MeV Tk 5. deps,,
=—51MeV ThHr & %E2FEZ DL, TOMHEIEHAT
X ETAMN L5 2P, MBOE(ERED, T
Dk 51 j=1+1/2 @ spin-orbit pair ® splitting DZEAL,
ext LT3, o-force RTSOEHEEZEZ Y, b1
finite range O JJICHLIE L, exchange force %:%J%
KANTHHMT 5 L3HEL.

DlEpc &z ze, N=29 O EH—MICHHAT
Z7:01Cid, Veu () WHLIPIAD T %ELE D AN S K
Eibb chbDEBT NI 2R Frofiuc, *Cr
“Fe 0 J=1/27, 5/27 BMERMICT 2T 3T &iCh
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HbhTHb.

3. BIN_EELLBZFTHNEROREILONT

INSDRICEY BEF-rhk FEMBEIER © ¥ #
R B, N=29, Z=21~28 O HERAE, BiiRiE
DIEFNF—%FHEHT X515 2KBEMFAOTHNER
FRELIZ. 2ORDFE, FHHEIEMORARE
L, 2T 2HKOFTINBERLRD TS, BOREKED
T x ¥ —%3Rkp BEE O shell model 58 L 125508
BZHATO S, COXIUHER, TALMI Kk »TH
415 K, *Cl @ pair it T, particle-hole conju-
gation ZFIA L, dso-B5F, frhEETROBEIERH
ZRDICDICHNTEUNR BExDOKITISAINL T 3.
zo (K, *CD) oficbbhr kDI, OB, HFOD
BN DA ERET 520 T, HEMEROFER HEIER
DA & X, mixture parameter, TR FHAD 525 TV
&) %, LRTFIEEEKOE (Harmonic Oscillator %
7> Saxson-Wood &) &%, [ASKET ST & LG
HT& 2 A0BH%TH 5.

BE DT X NFEF~l%E X DR parameter (F75]
BHR) TLOERECERT 5700, EEIiCT, hF
Ao ns. &0 (YK *C) ofiit, — o/
T (A d™s fsn), n=3o0rl) BRTLZEMNTX
72DT, HEREETH M, —RICEMBEEEE LN
ER S RVEAR, ETAORALEITR VLN
parameter DEZIE L W H AICPERES T ¥
computer QAN D RFERICK » THIHTHEEE S 5.
COXHREHEORFEH E LTI, Argonne group %
hicf s bz, 1p shell #° s-d shell %7, Ni-
isotope®»® ZEDHEMNH B.

N=29 05413, ROKSEED S &ITiii - 1.

i) #Ca % core L L, ZOMfE3 1ikdAaE H,
3 1o BT 20 Mo THES .

i) BrEbrE LT, 1f7:%& D, seniority vy,
spin Jp JRED T F VF—13, WiHd 2 N=28 D=
Ry i 5i%b.

i) dEFRAIE LT Q2 Dan LS s 200" &
5. Fif, H, OfTFIERDMIE, “Ca DX <7 bk
LRSI EER .

PDEDIREDOSET, Lf1mBTE Coyn LS
2 pu)-hEFRIDTEHEIER O 20 BOTTHIER DM
TRET 5.

O, RSt KRR, HEERED binding
energy 280 T MO T A NE —(liEexp () T, £D
BRI - T AEYBRSTHEIHDOD DB, K
SE LT BRALAS ROVERUC IS 5o T B K D IRIEEEL <
BOET b, #Hic N=28 #%ic(d, p)RIEAIT -
7-B2D spectroscopic factor % ZBIC AN THRDI:.
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TaBte 1 The matrix elements of the effective neutron-
proton interaction. {jpjnd |Vpnr|jpin'Idjp=1I1,

Jo | [ J=1] 2 | 38 4| 5| 6

1/2 | 1/2 —0.78 |-0.78

1721 3/2 —0.50 {—0.05

1/2 | 5/2 —0.82 |-0.60

3/2| 3/2 —0.80 |—0.57 |—0.13 |-1.02

3/2 5/2 0.40 | 0.37 |—0.00 |—-0.06

5/2| 5/2 |-2.50 |~1.49 |~0.66 |—1.40 [-0.08 |-1.36

CDRERTONIATIIER D% TABLE 1IT/RL fe.
ChoDEERAVTHRLNZ T ANVFE —E Ea@) 3,
Eew(@) & B {—Z L, root mean square deviation (r.
m. 8.) ¢ {3 0.17MeV &/NXEMHICIZ D, BELRED
LLE%ERLE 2T

\/évl (Ecat(®) — Eexp())*
7= N—n
EEHET D N FEAU I ERER

(3)

n |3 parameter

O¥THAB. “Ni @ single particle level DEHEL{HA
Fig. 3 [Z/R L 7c.
—4—9
% - %
————% [~
S % !
Z
&
4-10
L 34
3% -~
Exp. Cal.
25Nizg

Fig. 3 Experimental and calculated spectra of Ni
(The energy scale given at the right hand
side shows the relative energy to the ground
state of %¢Ni)

4 BF-PEFHEEROKE

ZDXHCLTRDOENATIERDOENP S, EDX
AV EMANETHA I BLOKICEBHNTRDS
hi, BYHHEEROITFIEE DM % FET 5 potential
BEOESRb0h EVSHER TTRIR ) P
ELLIOTT"® Stk - Tfikkbh T3 ELLIOTT 5
MELEH Ve ELTHLA Ve, 7YV Vo),

(B ) Btk sBT-hiTHEELEN 135

spin-orbit J; Vg, () Z#{RZEL.,

Ve () =V (") +V, (1) + Ve (7 (4)
B

Vo) =WVEP,+V§ P+ V&P,

+ VAP fe(r) (5)
Vo) =(20 D0 5.0, )

(VEE P13+Vﬂ'Paa)fT(r) (6)
Vsp(r)=(8-L) (Ve P+ VP frs(r)

(7

&EFT B, T ZT Popyyy 2540 12 is0spin T, spin S {REE~
@ projection operator T, V,p,i, 2541 13 (T S) {KpE
OHIIEM O sA2EDLYT. FHAEROBERS
fc(’;)asz(r)a fsa(m & SRV ITHE Gauss &
e—(T) , a=1.8fm Z {5 L, Harmonic Oscillator !
B ERNT, 8MD Vipy, 2541 % parameter & &
L, BPNZREICIDREL. D& EHNTS
BHRIE, Apud)® 05 (Lhy)* T 70 HOMETH 5.
ZDERAIL, B (A=13) »oFEWE (A=210) %
T#%, [RU parameter TEbLZT D& UM E, &
I E BRR B, roms BHEAMENCEE
EIBHE, EHEMICRERSIBDEELLNS.

CRERMU K IHRALZE, 43001 (9, f) shell &
DOFTFIEH 20 fHic > TD A ELLIOTT & [{ UIRED
3 & TFF1L - 72 (potential parameter research). Z o
BEREONI Vire, cser % TABLE 2 T ELLIOTT 5,0
WmREEBICRLE.

TABLE 2 Potential parameters (energies in MeV)

Ve v§, vy, Ve
N=29 —54.5 —14.2 —b.5 9.9
ELLiOTT —41.5 —-38.0 14. 8 97.3

vE v Vi Vi
N =29 —125.9 10.9 14.7 14. 2
ELLiOTT —95.2 12.0 5.8 53.3

LDZODREREKRTHBE,

i) o 5% even RIS NTHBCZ &,

i) FyrHDHE T=0, S=0 REMKRNE| T

T=1, S=0 REMNFHEBBTL

BEBEOCZEELTVZ B, (COWHEIT, %/ Hama-
da-Johnston potential & $ LB TH % &% ELLIOTT
BEALTHWAS.) UL, ZORE fhosb T
=0, S=0 OHEIEAH ELLIOTT O DHBHRNFAT
H DO, FEHCHORDICIE > TS ANBENL -
T 5.

7538, C O potential parameter research €L} 3
r.ms. (3 0.3MeV &EHPkEW. Zhid, SXxDX



136 hEKOEVWVEHERRE

DUTFIER AR D B8, IERMEHRIT 2 RITHFT
NOHFEEZEZNETHD»BX I, +HICBRDSIL
W, ZOH20FEERUEAS TR /DT . m. s, B3
NERB O -1eDTH 5.

S s2sr\ Vo | frnpsmds & {Frntrin|Vea()]
Srnpriy OTHERIE, IXCERNKLEIC 2p5,-
2p:, splitting OZE{LICBIfR L 7 B TH 5. Potential
parameter research X - THR LT EE 2B
T YNi Q#efiakd b &, Fig.3 © 2p,, RIEOHKE
kD& Bic 0.63MeV totchicisd. ik
(2) Dodbbhrd X ITHERICK X factor Hsh
MBI, bIPRTNEROTHTS “Ni <7 b
WICRARESEETB10DTH 5.

B, 2920, splitting |3 *Ca ic lh< 0. 52 MeV
ULHRE SN &R, oW, AT
—0.08MeV, 5 v v T 0.42 MeV, spin-orbit
T0.18MeV TH 5. DRI, @ splitting 24l
KHUT FYYIPERGEEERL TS E%
TRU CHBEE.

5. N=30 BICHFEBF-HhEFHEER

2. THREINEGF-PUETHELEROTHERER
WT, T N=30 OB%E#~THB. 2 TIRZ
DB, odd-A HKDFIE LT **Mn, even-even {4
OBl LT *Fe IcDOTRNB.

i) Mn (Z=25, N=30)

Single closed ¥ T&% 2 “*Mn D& FhcikaEIZ, Fig.
4 1cAvt & S, ground state vp=1, Jp=7/27, 1st
excited state v, =3, Jp=5/2- ThH 25, 5 Fig. 6 D
*Ni &£5Z8bess, BF-PUTFHEMERNBTH

A
(369
=
4
=
~ 1.0
()
54-
=%
0.0% J=%

53
25 Mns

Fig. 4 Experimental' spectra of %*Mn

JAERI 1158
% o4
94, ug
34, 3¢
i %
%
5
1 %
(34,%, %)

’ %
= %
=
S L34
) 3%

%) g

I (%)————— %
0~ % B E =10066MeV B.E.=19.223MeV
Exp. Cal.
:Mnso

Fig. 5 Experimental'® and calculated spectra of *Mn

E, ¥R *Mn @ ground state |3 J=7/2" LFHEX
nah, FEEiT J=5/27 L1 HW 3 anomalous state
I TW5S. £ THEF-PHFHIC N=29 TORR
2RV (ZhEFIRE @B fon £12)° BAEEREL,
ZTORIOMELEMI, Argonne group DR %ML
72), ®Mn =<7 MVEEE, #EA Fig. 5 WHEEE
EEBICRUT. J=5/2" D ground state %3 L, %
icke J=7/27, 9/27, 11/27 REBL VWThLER B
DTIN—FKERL TS, J=5/27 REDF KM,

BFiREE (J»,=5/2) & *Ni @ ground state 0+ X%k
ALbDTH B4 60%), ZOftt Jo=7/2 3 5013,
Jp=5/2 RIELFEA L “Ni @ lst 2* RERSOR
DHKREL, CORR J=5/2 BJI=7/2 XK1
b0 EBEbI 3.

it) %Fe (Z=26, N=30)

*Fe DIREER, 2 D0 single closed & 5‘Fe (N=28)
& Ni (Z=28) LHKLTHB&L, Fg 6 IK;RTLS
IC, 25 2 DDBD 1st 2% {RfEH 1. 4~1. 5 MeV it
HNThbddDicxtL, *Fe © 1lst 2* 134 0.8
MeV ¥R RLEFToTETVS. *Ni K 2thiEF%
mz7c ©“Ni (4th#EFFR), “Fe i 2BF hole Zinx
7z #Cr (ABBFH) TOlst 2* Dz r¥—iL, K4
*Ni, *Fe LHRTIREAEEMLL TN, *Fe 532
BF-2lFRTHIC L 2ELDLLE, CHLOLDEE
i3, even-even MICHIT BB F-hH:FREIOEROEEE
RNTHKRSZHTH 5.

“Mn ERUE S5, N=29 COBF-hiEFHELE
BEROIEREEBRER & & biC Fig. 7 ICRL.
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2" WA,
n — & 4 ____40%
29 — z 6. HHOLIC
2 2t 2" g )
w ] - —* Pk N=29, 30 i1 B F—hlE FHERRO b
SEEWEEL LTI A MF-HEAOFLRICL DIEHL
v e oo y 7o EEHTFHOMIfEME, pairing effect & LTH
TR T e *Fe "Ni *Ni FEEIC b BN T34, N=30 Ofind bbhs
Fig. 6 Experimental spectra of ®*Cr, **Fe, **Fe, *®Ni OB F T hoEEE, ehb EHBE L THB
and Ni LTERTERVHDT, B SICERINDLEY
o . 555, ¥1, ZOREETINE—BLITBNTOL
2 0 C12 <, HE—AY b, BEERSDOREFHOLY
a0k o ;i’p LOBEECHEVTHEREREIT AL S ICEDbN 5.
0L .
g . -
= 1) Tawmri L: Phys. Rev., 126 1096 (1962)
% 20 4 e 9) Kasy E. et al.: Phys. Rev., 135 865 (1964)
Z’ 3) BrusseL M. K. et al.: Phys. Rev., 140 838 (1965)
4) SILVERBERG L.: Ark. Fys., 20 341 (1962)
HaMaMoto I.: Nucl. Phys., 86 208 (1966)
5) GorpsteIN S. and TawMmi L. : Phys. Rev., 102 589 (1956)
Lor . 2 6) Comen S. and KuraT D.: Nucl. Phys., 37 1 (1965)
7) CoueN S. et al.: Phys. Lett., 9 180 (1964)
8) AuerBacH N.: Nucl. Phys., 76 321 (1966)
9) Couen S. et al.: Phys. Rev., 160 903 (1967)
L B.E.=—2051 B.E.=—2050 o+ 10) Crark J. M. and Eiviort J. P.: Phys, Lett,, 19 294
Exp. Cal. (1965)
*Fe 11) BrowN G. and Warren S. E.: Nucl. Phys., 77 365
Fig. 7 Experimental'® and calculated spectra of *Fe (1966)

ZO X S iCHOE T F OB, RBEEKCS
WHHbNTL B, bbb, J=0 ground state |ZBH
LT, B AA “Fe(0rer) X*Ni(0%:) pFEkS (70
%) THHH, SMeVIELKEHNEZHILH B13T D *Fe
2,%) xX*Ni(2,*) R 20% bE-TETVB. 20D
At ER T, lst 2 RIBORREZEEZRIILT

12) Bock R. et al.: Nucl. Phys., 72 273 (1965)

13) FunsteN H. O. et al.: Phys. Rev., 134 B 117 (1964)

14) Way K. et al.: Nuclear Data Sheets

15) Kave G. and Wiimort J. C.: Nucl. Phys,, 71 561
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3. AWK EFT - HEER

e« A B B K Bpr*

3. Effective Neutron-Proton Interaction in Odd-Odd Nuclei

KivyosHI SASAKI* and ISAO TONOZUKA**

The results for the effective neutron-proton interaction in odd-odd nuclei
which was analyzed by the several authors are reviewed. Also, the properties
of this interaction was investigated by ourselves from the low-lying energy levels

of *°Y and ?Nb on the basis of the j-j coupling shell model.

Assuming the

finite range central force, the energy spectra of these nuclei are calculated and
the parameters of the interaction are determined by the method of the least

square fit.

Furthermore, the effects of the tensor force on the central one are

studied. It is shown that the situations are not so significantly different from
those obtained only by the central force.

1. ¥F A vz

RE SN FEE oh 2 @83 28 THO G EIE
HIZ D0 TR, 44 OBREMITEEICE S 48
frsbhThic. o s bEEETHO 2RI, TERD
HHEETH D END T & ORI BED S,
DI DRBEREERINTH S, LU 15h5 k-
HFREIOHIIERE, RAEKFHoZzhEEKL TN
Wwa &, ¥ Ca fHED LOBICHBN TR, ditFB&
UBTFREDE8EBRLD, POTA VR YR T=
0 L1ERHELEZ LV SHEOE L OO T EOEM
Sbh sk, MEKTEHOMAEMEAOSNNE ETEbR
TRELGT, Lih-TZOBOMERHOERIC DT
DORFBIIARLZL EOSDOHBURTH 5.

2 it A I - FAEEER Ko
TOWLDOPDHFD review 25 %, 3HTIEbAD
hick > Tz iz Y, "Nb o BEREAERL, 44
KEBNTAITREINLBDLE, IHTOMBELONR
BBXURELDFRETES.

2. hEF-BFHEEERICOLWTOS
F TD Review

it F-B T HOMEEMICBT 2 MilEE 5/ Hic

2, FH-HHOEERESX U HRIRED HEE L o~
B2EMEOENVEETH 5.
PFTRBERCE SN TS ETIREENLZN L DOh
DFXIC M E N pEET-BTHEERO &5
DIERZHETTH L.

2.1 Kmm" B& U KiM-RASMUSSEN?
Ref.1 T2 Y %, Ref.2 TlZ 2"¥Bi & *Po L %

Hote, ThoDMX TR THT-BFE L LT,
TABLE 1 T/} & 4172 BRUECKNER-GAMMEL-THALER

(BGT) RFvvea® 2R, hibhhBLUFvy vy
J1%BR L THIEE OO FRERN O R 21718 - 7.
ZORER, Y OBARARVEREL DL N—FK b
ORI 5 feds, PBi TREBNL W—FHE Sh .

TR HBBETF-HTFEE,» S S i £ 7 v
Yy WEENLTO S0, ARESHTRTH 5EORE
BFEHCcORT vy v+ VvAEHAT 22 EDOMBES
5D IEMHETIS L.

2.2 VERVIER?

LTI N=29, 20=Z=<28 DK #HUKk »7-. 29%H
OhHETI pa, BEALIC, 20SZ<28 DT fo)e BOAT
KhHdEREL. 20<Z2<28, N=29 &, RU Z,
N=28 OB,OLET 2 V¥ —D3%BE(Z, N=29)— BE
(Z, N=28) % ap(ps. BiHICH BrhETFOHESH T 51

* AKETI (BEFFFE) College of Science and Engineering, Nihon University

*k B T2%  Faculty of Engineering, Tokyo University
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TABLE 1 Parameters of BGT potentials
BGT Simulated BGT
State
s 1 b(fm) s Strength(MeV) | Force range(fm)

Ver 2. 882 1.013 1.0 —223.02 0. 706
VS, 2. 964 1. 461 1.028 —110.03 1.018
Vo 0. 201 2,119 0. 070 —-3.57 1. 476
VS, —1.867 2,119 | —0.648 33. 06 1. 476
Vi 2.078 2.019 0.721 —40.50 1. 407
Vio —0.493 2.649 | —0.171 5.58 1. 845

s: Well depth parameter
b : Intrinsic range

Fee&, o FE *Ca OBLOMAEIERT A VF
—DFD) B Vo=Lbuam frap J=21Vyp|Pssin Frr2p
J=2)DFMERD 2EHTEDLL IS LIKERLY,
N=29, 20=Z<28 DHRICH 2 7RO 1% OEEE »
5, CO2ERAERMNLIEETREL LHER ar=
4.818+0.018 MeV, V,=1,038 +0.004 MeV %187-.
N SDER T wilc BE(Z, N=29)—-BE(Z, N=
28) OEEEET 5 &, 0.1MeV UTFTOXETERMEE
ODEV—FEnGohdz LERLE.

5L Vo=V [(l—a)+ala,+a0)]d(lT,—T5]) %
IKELT (Pazns Sfr00™) BALDED T 3V F —HEELLD
REEN S, a & F°(Slater #i4, V., icho) L%ax
IN2 TRk Dk kB, F°=0.726 MeV, a=0.083
8. choDEP OB V, 288324 V.=
0.996MeV & 73 b, chiBE/M2RERETEDL 1.038
MeV LIEFIGEVMEE .

ViFozc Ehs 20€Z<28,N=29, 30 D#IZ (Ps/20%>
Sfrp™ ORMEEDENIIREDRYMARL 2.

2.3 PANDYA®

T T
Vn]? :VD+V1 G,*0p (l>
V'np =V0 [l+ 44 0’n'ap:l (2)

& ot LR ADBITE, spin independent 73
XFven V, &, dependent 23EF ¥y V) 28
AU ERREN 2 & DEAWTHETH 3. #id *Nb i
KU (dssnGore) WALEIGE L, HAIERTHIER

{ds 2952 I\ Vapldssngors ) (T2 12 U HBUTEE L 72) %
6 o Slater §54 F,'", F,@, F,", F,@, F,?, F,"¥
TREBL (22T F,"% BXu F® @dzhsfh V,
LUV, cltflasbm), choxn J=2~T D6
KOEEL T 3 v F —DRERME, T2 5 5RO FHRER
TxNMF—E, SWEET 5" X - THZONEHEME
{ds;2902 I =2|Vapldssn9s J=2)=—1.00MeV &p5

TaBte2 The values of Slater integrals for
(d°/:n g°/:p) configuration

Fn 0y ‘ Fo(Zl ‘ F() ) ‘ F‘ ) ' Fl 2) ‘ Fl (4)

~0.870 | ~1.337 | ~2.460 | —0.121 | 0. 224 | —0.387

PRE LA TABLE 2 (CRT & 5 IS E &G 7.

Zhib V, V, dHicsl e, Fy*%/F% Dz
k=0,2 Bro4cEznhsFh 0.14, 0.17, 0.16 &7 D,
o Epd V, &V, LIZAU BRIKFEHE S force
range EAEHTATHADICTEEZRLE. TV, &V,
DFEHHE, S a=0.155 DE5E7:.

oL Vap il 6 MOBRIKEN ZES S
& F?/F9 =5 FW/F©=9 {125, TABLE2 DI
oI SOkIE F,?/F,® =1.54, F,%/F,® =2, 83,
F,2/F©=]85 F"WYW/F®=320 L1133 2D
Eid Vap BHIROD force range A& D & AR LT
WA EERLT

2.4 KiM-PANDYA-WONG®
HoSDHmNTI
Var=H{V =V +{V,=V,)a, a5}
—2(V. =V, 0,200) MBlf (r,p) )
(M, B i Majorana, Bartlett operator)
ZRW, f(r.p) iz Gauss B %, F7- force range 2
2.6 22 i3 1.0 ZEL TRD X 5 12T &21T
[ A
Ll@monhTn 3 X S, TF-FHO KERED 2
D Tid NORDHEIM I 238 2. KIM & i3 Rtk o rhit:
FrIUuoBTFRhEY BT hEN L BXU L],
Et95& L +l,+7,+j,=N % NORDHEIM number &
%30, s even DHDE odd DHDITHHL .
(a) Even NORDHEIM number D&
COHE L T A~40 OEIKRT (dsjen fr/20) &
(Prr2n dspp) BNLOFEE 572, THODEML TR A
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EYBBOETICREAT 2BAR T IV —BRELL S
2 ZhoORE%R S OB T A F —DERED
5@ RCBYZHEMEHAORIEZFN2REECE T
WEL, ROL SILEAES.

V,—V,= —7.3%1.4MeV

2V.=9,0+0.9MeV

V,—V, =—5.6+14MeV
2V, =4.4+1.8MeV
(b) Odd Nordheim number D4
ZOEAELT A~ DfFIRICH 3 “Nb 251,
ZOBDOEALE (dsren Jornp) EEZ . TOBAITIRA
YD ETHA LI AV —RKLL 25 (@)
A LR 2Nb ORhirERr 5
V,—V.= —6.5+2.2MeV
2V.=10.3+4.8MeV

V,—V,.=—0.3+0.6 MeV
2V, =0.3+4,1MeV

ZHEMH LT

DREGREEZHBLTH B L, Nt even i odd
itk T V,p @ spin dependent term {3FEFICEL B
23, spin independent term [ZEMIMEIL AL D
SPFIRAEEETEEVICEAERLTL 5.

@

)

2.5 AUERBACH-TALMI”, VERVIER'

LS DOMXTRPEKEIER, BOEAZ AV
—DEREL WA ANF—RE5Z 2EREE, B
MO L AN —~DERENS 2 B THREEAOTIE
ROWER/PN2FERITIVIEL, TNOOEERNT
4 OBOGRENFHELUIER EREEDFERIT
F—BnBohbcEERLUI. %7 VERVIER 3
B, MEBEROHE LT -/, 2L TOR
BREHARMLD 5 EZDT, ERTEONITRT
DREY, R T HENERRTICERTET, B
NI TOBEEMNDOAMBHEEINS. ook
2 Vo OBREKNIBEEZRET I &L, FHERE
KRETEE»EITLEI> LY, BF VY + VORE,
range KL DNVT ORI EE 5 T LIZAREETH 5.

2.6 SASAKI', OHNUMA-SASAKI'?

z zTik Ca, Ni fHBOFHF-FHKOSMETIL - 1.
H-HBOBRBDOIHETB LB TRENEN Jujr B
fLEHDE&EIT

(@) Jn¥jp OEEICE

Vap=—=V,[(L—a) +ale,+62)]1f (rnp) (6)

(b) Ju=J» ODEACRTAVRALYRBOETHRE

LTHEHETHDT (thete) ORFEHERLT
Vap=—V,i(tprp) [A—a) +a(a,205)]
S (Tap) )

JAERI 1158

OFDOHEBEIERAZRE L. 22T aliBHDORAEH,
Sf(rap) i3 Gauss BARE U o FRic, Vo, aBX O

non-dimensional force range 2 (=r, Jv/2, ry=force
range, v=""") FLH L LTHRHEMD 31+~
ELEIEICCNOSOERAERDIHR, KDL 1S
E NN R o Y

(@) oga

Vo~20MeV, a~0.1, a~1.0(r~2.5f,)

(b) oiEs

Ve~20MeV, a~0.8, 1~0.6(r,~1.7f,)

3. %Y, "Nb [CRF3RETF-BFHEER

ROThhvbhid Zr AROF-FHICKT 3 5347 %
BB E ST - 1c. BROTRTBEICETO
BRI & Bbh, oS IREOWENERNIC X
{HMShTN D ™Y, “Nb iz D\ TOMTREREZLTFIC
Bz 5.

F9° Y 0EEEIZ HAMBURGER-HAMBURGER'®
¥ % ¢ BLACK-DARCEY-ISLAM™ € X 2REATELN
febDERVE. HORASHOE, TOREIiCHT
3 @2J+1) AloBERA» 5 27(gnd), 3-Ust) & (dsjen
Prnp)s 77 (2nd), 2@ rd) & (dsszns gor2p)s 07 (4th),
1=(5th) 12 (Sien P120), 27(6th), 17(7 th) i (ds/2ns
Pip)s 4 (Bth), 3-(Oth) 13 (917200 Prep) ODOFRHE
F, BFORMIT & 3 2 VEF, RETO doublet ©
E§23EEDK.

bbbl OEMEL BV, hEFBLUBFOR—
KTHEMRBZhEL St & “Zr, XU *Y Ol
WED ea(s1—ds) =1.138MeV, ¢,(ds.—ds,) =
2.045, &,(912—ds2) =2. 205 MeV'®,  &,(go/a— pr/s) =
0.908 MeV1e A L -,

—J Nb it 7+, 2%, 3%, 5% 4%, 6* OMAIMNES
T, B “Zr(CHe, d) 0FER™iz &L b 27,
3~ OREMNREBENS:. ChoDT T R9)F 4 REE
12 ssons Gorop) BALICE B A VYEAD T R T T,
27, 37 13 Y LEkE (dsszns Prszp) EALD doublet i
FDETELDTHDELL.

STHEIICE » TRPLS

Vi=(Vieg+ VEo+ Vip+ V) fC(rup) ®)
s, FvVIvI

Vie=(Vie+ Vi) (rup) )
ZHEELT hAHCHT 27 Y NVIOHREL S
Nz i flap) BHEL D Gauss HE D20 &
L.

RO ADADIEA T, b1 range A° % 0.4,
0.6, 0.8, 1.0, 1.2 L&, zhZEhD 2° DESK
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020 Fig. 2 The experimental and calculated energy levels
= of 2Nb. The case of central force.
ol 222
Exp. X=04 05 08 10 12
Fig. 1 The experimental and calculated energy levels

of Y. The case of central force.

TABLE 3 Potential parameters for *°Y and **Nb. In the case of *?Nb, the values of only
positive parity states ase taken into account of.

0 0.4 0.6 0.8 10 L2

rol fm) ~1.2 ~1.8 ~2. 4 ~3.0 ~3.7
V9, (MeV) | —175.636 | —65.338| —29.889| —12 924 —6.947
‘ V9( » ) —267.069 | —106.809 | —49.728 | —23.777| —12.416
§ WY V() —168.445 | —70.676| —32.912| —14.351 —4.859
i V(7 ) 6. 693 —7.747 —5.504 —2.878 —~1.019
! r.m.s. 0. 706 0. 678 0.872 1. 063 1.177
VS o (MeV) —53.955 | —20.326| —22088| -17.832| —14.192
“Nb VS%( # ) -182.892 | —16.948 2. 809 4.659 1.637
V(7 ) — 38,283 —2.850 1.545 3.352 7.434
V(7 ) 42.308| —18.708| —16.639| —15.070| —18.073
f.m.s. 0.023 0.021 0.027 0. 039 0. 050

2

r.m.s. =\/Z{E (J),,,p_E(J)m}

J
wy, =Nb THEED 4 ADOFHEENOHEE LD, B2 EBRbhbh 5.

EPICLD ng«:’ 10 SE 50 D 4O>DEHEAREL -
ZOER Y A Fg. 1 ICRTTEL 2 Kk
BEREMOERIIAE L, BN2RESRLL. —F
“Nb ClIF 7R Y 7 1 B OHEZERLUTERELL
$E% Fig. 2 IR L. TABLE3 T3 C DX S LTH
FLtgK range TORTF V¥ + VERBELE/N2FHE
AHFTH L B2 Tl Y OEAIC PNb i
TARENDE, NMETIEIAKDRENNSD, BET
i 5 K2 T, VTE 10 SE 50 DAEBBETTRTOEE
&%Abﬁéc&mQWbmm&”Ymﬁﬁﬁﬁféé

AK¢Mﬂ@&T SR RICHT BT VIV D
BEL L OB, MEDOKT 21°=0.6 DHA/II Y
Tk AT % L0, *Nb T3 AT % 0.8 &L, 2&xd
VIg=—10MeV, V,=10, 5 3MeV Bk Vig=—
20MeV, VZ,=20, 10, 5, 3MeV & & 5B & AT v
Vv VETOENDOE(LE Fig.3,4,5 6 ITRLT:.

X5ic “Nb 075 Z20) 7 4 #EALICINZ, 27,37 4E
PAZET 5 E 6 ROFHEER (27,3 OERAIIZT 7 A
2N T 4 BRI O ERILBEDT dEexy(3~—27)%—D
DOEBRMETZ) 2HRERMELTHERATES0DT, Th
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Fig. 3 The experimental and calculated energy levels
of ®Y. The case of central and tensor forces.

(@ VIg=-10MeV, VZI,=10MeV

() Vig=—10MeV, V7Z,— 5MeV

(© VIg=-10MeV, VI ,= 3MeV
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Y
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Fig.5 The experimental and calculated energy levels
of ®Nb, The case of central and tensor forces.

(@ VIg=—10MeV, VI, =10MeV
b) Vig=—10MeV, VZ,= 5MeV
(©) VIg=—-10MeV, VI,= 3MeV
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Fig. 4 The experimental and calculated energy levels
of ®Y. The case of central and tensor forces.
(@ VIg=-20MeV, VZI,=20MeV
(b) VIig=-20MeV, VZI,=10MeV
(©) Vig=-20MeV, VZ,= 5MeV
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Fig. 6 The experimental and calculated energy levels
of **Nb. The case of central and tensor forces.
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d) Vig=-20MeV, VZi,= 3MeV
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TasLE 4 Potential parameters for **Nb.,
values of both positive and negative parity states
are taken into account of.

3. H-AHickY ST FEEEM

In this case, the

2°=0.6 7S (fm)~1.8

iT=0.8 L0 L2
ro (fm)~2.4 ~3.0 ~3.7
VS (MeV) 8.932 8. 898 8. 824
Viol 7 ) —13.837 | —13.747 —13.619
VeuC » ) —13.971 | -13.927 —13.794
Véol # ) 25. 601 25. 610 25. 575
VI () 0. 415 0.196 0.121
VieC 7 ) —0.704 | —0.458 —0.382

SERVBEBLATOAEY, 7YY NHTO2ER
B—EHICHEL 9 4. TABLE4 (i3 2°=0.6, 27=0.8
10, L2% 2 : 57188k LTRDEED
1z
PIECBie Ry vy o VEKBEIIFREMND T 3 LE
—DERBELOBER LD TH B0, BLTZhLHOD
B, BORMETAINF—%2LEDXICEZZ0EKIT
MEtd 2.
A Y oBs
OO EF-BTFOMAeT s vE— 4(BE) 2R
HC X DRD S 3.
4(BE)=BE(Y) — BE(**Sr) — [ BE(**Y)
— BE(®Sr)]—[BE(*Sr) — BE(**Sr) ]
10)
T BE(X) iZ# *X AT+ V¥ —T, Ma-
TTAUCH-THIELE-WAPSTRA™ {c L D5 X S - BEER
FOHFE L. ZORER 4(BE)ep=—(0.548£0. 105)
MeV %z, —HERMER, TLOoAEZRELT
2°=0.6 OHAIC TABLES [CIRENIHET V¥ v VEH
EAERNT {dsen 1720 I =27 Von [dsjan Prrop J=27)
R U2 A(BE)ca=—2.281MeV 173D, &
BEE A B3 ERSIEEE - 2.
(B) *Nb ofi&
Y DA LRKES = A v E—i
4(BE)=BE(**Nb) — BE(®**Zr) —[ BE(*'Nb)
— BE(*Zr)]—[BE(*Zr) — BE(**Zr)]
(11)
LOKRD DB, A(BE)ep=—(0.548+0. 105)MeV & 15
D, 2°=0.6 TD {dsjon gorop =T Vp|dsson gorap J
=7 OfEi»r 5 4(BE)ca=—0.703MeV & 120, 21T
RERAEICGE O EME S h e,

1438

“ B B

TRV DDPDRIEMMA LI, oMy ¥
DiFXMBH B LTh, RO hET-ETFRN%E &
HHCOMT Lc b D RIS, 2DHTONTOHARITS
B HVRMEERAORESNETRL -7 b DENE
Ve UIed o THICBRA ML XD ADONFIE
MR T, 4HRICE COBEERI TV .

2, 3 TBNLF-FHKICOOTOMTREER LI
TRV ODDOFKREBEHLTALS.

FTHLIDAICDONTHBE 2.2, 2.3, 2. 6&ETRR
NeEIC@RE 6) RO Vi 2IEET S &,
ald ~0.1 OEBZFEMICELNTVEY, 5Lk
fiCid spin dependent 7IRF Vv ¢ VI RDBEETCIR
BHEWZEZE. LOULERETA VAL VS 2B
TEHLZOFERBRBYICITY, 24, 26 THOLNBZLDIC
spin dependent term [In7L D K& BREERTC &
IKi2 5. hHT-BFRATIR T=0 & 1EnEET2
DT, TAYREVIHZRET ZELUIARTZ Y TR
2 BOABBEORRBEBONERBRLTNEDT
BiRhhtBbh 3.

RICT VYW ADPLINCET 5 ZEIE, 21 BLU
3ICBT sbhbnOlREILASNE ISRV KRE N
V. TR TV NVADTHIIERRBL A D FhiC
N, —HININ T ELLHIPTD 5.

2BIUVITOREL—ELT, RERNFERTRT

Yy D& L range K ONWTOEOZRMMEIZS S
Y, HAOEELDCER, BFOmA LD, BTV
¥+ D L DBERGIE I VIKET 5D T, i
FHRERTOMBRERE T C LRATHET, EHEIZS
NTURAEEERE S DD EMRTRETH B, —>
ORBOHER O TEHEBMER COEREEET &
LBIRMOYMNBRE E L THETH 5.

3To Y, “Nb O3 Tid, BHEICBNTIE (srzn
Forzp) BN DA ERTET D &, FERE & D L —Fepstis
5N 505 HIBETRZO—BNBE . chid*Y i
T, ZORRIREOHIFT TSRO 2 AL % K 2
L, ZhoDENICH BRI Azt @ o &
TV N0 DICE LSO TRELD, R
THERT Y v » VIZREREREZ OIS T, ¢
DR ZBE LD D EBbRLS.

B (p, n), CHe, t) RUGHOERD O HF-HKOK
By — 4 —ERIh22H0, ¢hdDF—%2—»5
S 5ICEH K DO PHTF-BF R 20 TO @ESE SN
5H0LMFTE S,

¥ IV NVADIREBET force range DEICDOWTIIIE 4 DFERMBH L, EREEBNLTDORELNTOR. 7ot
DIREXD $55<, range JFKREHPLAD L5~2 (EHETH 2 C EMEVMNICODA TN D, RAMBECTE 5 HIZZD

—#l & LT oEKE &,
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