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Abstract 

Iu onk1' to stncly thC' siguatll1'e inve1'siou of oclcl-odd La isotopes、twoexperimental 

111¥'(叶 jp;at iOllS ha，ゃいやuca1'n代 1ont. The五rstexperIlneut was an in-beam γray 

日p代 't1'osropyof ] 24 La fo1' the pu1'posC' of the extension of systematics in high-spin 

ballcl寸1・llC寸，1l1'esfo1' light oclcl-ocld La isotopes. Th炉問couclexperin1ent ，vas made 

011 t h(、.)clecays of 1泊 Laancl ] 28 C<" for the expe1'Ilnental cletern1ination of spins of 

thc high-spi11 bancls in 128La. 

F1・on1the stncly of 124La. th1'ee band structures haying rotational character 

h山中 b(中11obscl'¥'('cl. Thc configll1'ations of thes守 bandshas been discnssed in 

c01upa1'isOll with 11cighbo1'ing oclcl-A llnclci ancl othe1' ocld-odd La isotopes. The 

suruatnre in，-e1'sion i日 clcarlvobse1'vC'd iu 124La. 

F1・on1t hc stllcly of J clecaJヘithas tn1'ned 01lt that the1'e are byo .3 unstable 

i 5 0 1 11 P I i c ばatcs iu ・おLa. A11 uppC'1' lIlnit of the half life of newl} ・ found st a te is 2 

nlI1111tc'. A p1・obabkspin wonlcl hC' 1 + 01・2+.The half life of anothe1' ison1eric state 

is 5.2土0.3nlInll tc. This is in ag1'C'('111c1U wi t h the ，-al ue 1neasu1'ed in a pre，-iou 

111V(叶 igatiou.The spiu of this ison1C'1' has l)('en assigned to be 5+. The spiu of the 

1・otatiollal ha11cl ()f 1:おLais assignC'cl. 

Th(、。xpc1'Illl(，lltalsiguat n1'(， spli t tiug has b何 nぐol11pa1'edwith a calculation 

hy th(、pa1'tirle-1'ot01・1nodcliudncliug a t1'iaxialぐ01・ealld 1'csiclual p1'oton-neut1'on 

111t('l'(lC・tiou.
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Chapter 1 

Introduction 

High spin statf'S of nnclei in th(' nlass 1111n1b町 A -̂./ 130 region have been studied 

('xtcnsi¥'('ly hy 11トhf'alllウ1'aySpf'ctl・0汚copicn1f'thocl. The nuclei ¥vith the proton 

111l1l1h円 Z > 50 ancl tlw nCllt1'on nnnlhe1・λ「く 82are located in the neutron 

山岳山、ntsiclc. allcl c‘xhihit graclual inc1'('asf' in collectivit}・ asthe neutron number 

clC'cr('as('只. Th(' (，ll('rgi刊 ofthe fi1'st 2+ st a te in even-even nuclei become lo¥v. and 

high('1' sta tや只 hnilt Oll the 2+ statf' show typical 1'otation like spectra near the 

ncut1'on l11.1111b('1' .. V 70. This 1叶 atiolllike balld is named as the ground-state 

bancl. Th(' p1'Opf'1'ty of the g1'onncl-state band can be interpreted hy collective 

rot a tiOll of a defonncclllnc lens aronncl thc axis perpenclicular to the synln1etry axis 

of qnaclrnpole clefo1・11lation.The gοcHllctrical shape of this nncleus is approxin1ated 

hy all axially sylllll1ctric sphf'1'oicl in a p1・olateshape with defo1・lnationparan1eter 

ill the 1・an軒、 ofε目2 0.2 rv 0.25. Sincc、theFe1'l1lI surface lif's in the vicini ty of 

thc 11 11/2 ckfonncてlぉhdlllloclel 01・hit al in this 1nass 1'egion. an inte1'play bebveen 

thc主 colkctivc1'otation 01・vil)l・ationancl singlc particles sitting in the ahove high-j 

int1'uclc1' o1'hital p1'oclllces 1・ichst1'llctll1'CS of cxcited state~号 as t he 1'otation align111ent 

111 、VC、nー刊でnnncl('i， clc、conpkclballcls ill odd-.. 4 and halld st 1'uctU1'es in odd-odd 

nuclei. Th(、1'cfo1'c、 thc、nllclcusin this 11lass region provicles an e~αellent testing 

gl・onllclfo1' varion日 kinclsof cn1'rcnt nnc lc、a1・strllchll・f'thcorics. 

Thc、叶1'nctn1'cof cxcitf'd ~ヨtatcs in ocld-odd nuclci is 111uch nlore conlplex than 

cvcn一円中II 01' oclcl-A nuclf'i. Usnallれ an oclcl--odcl nnclens can be t1'cated bv an 

approxill1ation that it consists of an c¥やn-cvenC01・e，of¥yhich spin and parity a1・e0+、
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a p1・otOllancl a nC'llt1'Oll. The nU1nbC'1' of tl氏、 lH:oton-neutroncon五guratiollhecomes 

la1'gC'， a.lld thus th(、levelclC'llSity becon1C'S high. There is a large nun1her of decay 

path討れぐれ)lllpall1バ!万 γt1'ansitions. I t is often cli伍cultto resolve doublet peaks 

111γ1・aysp<、ct1'a，CVC'll if we llse a detccto1・withv何 yhigh resolution. Some of th 

t1'C111si tiOllS are cli伍c1l1tto ohsο1've herause of thei1' low energies due to slna11 energy 

spacillgs h(、加でellexcit日 1states. Son1etIlnes. there are isomeric states. These facts 

a.n、t，ll(、 1・(、川()nsfo1' th引刈 )C'rIlnen t al cli伍c1l1tyfor the con1plex structure in odd-odd 

11llc!ci (，sp(、cia11ya t lowC'1' C'xcitation C'llC'1'gies. 

III叩iteof the ahove di伍culti円. OllC call observe clear band structures at 

hi広h(、1・C'xritationellcrgiC's ill cascs whC'1'e C'xcitecl states are populated 'uiαheavy-ion 

fl1Sioll-門 apo1'ationn、actions.A large angular 1Tlon1entun1 is carried into a compound 

nuc!(-'ns. Th(、Sllhseqllellt cvaporatioll of a sl11a11 nlll11her of light pa1'ticles as protons 

01・llcutron日 cloesnot car1'y away a la1'ge aI110unt of angular n1on1enta. and thu 

a statC' forウ 1・ayenlission re111ains in a high angular-nlon1entum sもate. Since the 

anglllar nlOnlE'llta ofγ 1'ays a1'e日nbstantially1 or 2h. relatively selectiveγtransi tions 

occur ill cascadcs along high-spin yrast states. In addition to this physical reason. a 

1'ay spC'ct1'onlet目。fnC'w gcneration. which is ca11ed as .. crystal-ba11". has 1nade it 

possihlC' to iclentify a lot of bancl st1'llctll1'es e'-en in ocld-odd nuclei. Recent standard 

crystal-hall円pC'ctr・C)lnetC'1'sぐon日)1・isC'20-50 CC)lnpton-supp1'essed HPGe detectors for 

ゥrayくletC'ction ancl son1C aclcli tional clοtecto1's ，yhich are aゥー1・aynll11tiplicity五lter

allcl a pa1'ticlc 11nlltiplicity filtcr fo1' c・hanllelselection. 

OllC' of th(、n、l11a1'ka.l)!C'p1・OpC1・ticsin the band st1'nctu1'cs in the odd-odd nuclei 

ill thC' l11ass Ar'o.J 130 1'cgioll is thC' low-汚pillsignatu1'c inversion in the yrast band. 

~ont 1'a 1'y to t h(' pn、clictionof a sIlnpl(、c1'allking1nocleL excited states ，γith ''fa，-01'cd'' 

Sl巴llat.ll1'e <11'(' hi広h(、1・illcnc1'gy thall statcs"・ith.. unfavo1'ccr、signahll・e.'Ye give the 

m山、 ()f.， si広llatu1'cinvcrsion" in this s(-'nsc(只何 AppendixB). 

At. fil日t1 this 汚 ph以(、'llO江111('、1口10nwas obse1'γ，-ed in the bコancl111孔L悶enlbcα1'slc 
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co山 ibl山)11ofγvib1'ation，ancl so on [2][3]. Hereafter， wc llse a worcl of "triaxia1 

ckfonnation" instcacl of non axially synunetric cleformation. For oclcl-odd nuclei， 

Pinston eincl his cowo1'kc1'汚 reporteclthat汚Ilni1arinversion occurred in the yrast 

hancいoflS2Ell， 154Tb ancl sonlC othcr odcl-oclclnuclei in the mass number A rv 160 

[4][5]. LeUは onぅ円山han inve1'sion was札soob問1'veclin odd-odd nuclei in the lnass 

山 m凶l

7η1:ぺ'1川l

l'以.可o江lntはh(>theoretica1 point of view. Ha111a111oto reportecl that a particle-rotor 

山 )(le!wi th a C01"(' ofaxia1 synu11et1'y c01l1cl exp1ain the signature inversion [8] 

Ia tsuzaki 町内tigatecl in ternlS of the cra川似1shell mode1( CStvl) including 

(山1ef(必‘イ必f長お01山

れw刈T1町ha proton an山吋da 1日1e削e刊ell刊lltr口、て(∞ are cωO叩 1e引吋仁dto the core of Slじ;(け3)or 0(6的)i出nthe 

IBT¥I2 山 )(1(い川('什、，1[10例]. Ha1'a 巾 ve叫Pι10叩)pe代吋仁dthe th児削e伐ωo何〉

tωo 1叩 1州付 ば叫叫p仰〉斤川('n山日l11en円叩川1日凶l此ta札1S幻吋叩i氾思gnat机制tれtu附II凶1閃e山11¥町y切Y(，1でe白rsion[1川l口叫1].R恥ecer

111 、ve何3官stigatC'当光叶clthc 下p 任'ectsof re何sidua1Il日1te円rac吋tionbet れ¥Vぞecna va1ence proton and neu tron 

couplccl to a triaxially clefonllecl core by nleans of their particle-rotor nlodel. They 

concluckcl t hat thC' 1'f'sicllla1 interaction was verv effectiγe and that the triaxia1 

心fonnation¥Vas not neccssary fo1' the cxp1anation of the signature inyersion [12]. 

Tajirna C'xpectcd tha t thοtriaxia1 defonnation nlight cont1'ibute to the signature 

i11yersioll froln the f'xistence of 1o¥y-C'ncrgyゥbandsin neighbo1'ing eyen-eyen nuclei. 

He calc1l1a tccl t1lC signat ure clcpcllclcncC' of exci tation energies and the ratios of 

B(~11)/B(E2) fo1' l24C討 anclSOI11C other lluclei [13]. The ca1cu1ations are in 

agrC'CllH'llt with the cxpcrinlC'nta1 sigllatul・esplittings in Ce isotopes. A gross featur 

ofぐれlcu1at<、(1signatllrc splittings of La allcl Cs are sil11i1al・tocach other. 

Tll<、日iglla.tllrC inv(、rsion of ocld-oclcl 111lclei、 hO¥H>ver. is not still fully 

llnclC'rst.oo<l. Th円.C'日 aconU11on featllre in the two 111aSS 1'egions of .-1 rv 160 and 

A rv 130. Thc va.1cllce protoll anclllc、lltr・onoccupy thc irhl1/2 with high D and ν113/2 

with 10w n 01・hita1s in thc . .4. rv 160 1'egion. Thc proton in theπh 11/2 with 10w n 

01・hita1 a.llcl thc lle'll tron si t ting in thcνh 11 /2 wi th high n orbi ta1 p1ay the principa1 
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1・01con the y1'ast hand in the A rv 130 region. 1n other words， one nucleon can 

casi1y a1i広ni t汚 angu1a1・nlonlelltunla10ng the axis of collective rotationう whi1ethe 

othc1' nuckon tc、ndsto H'lnain its angu1ar nlOlnentuln a1011g the axis of deforrnation 

ザn1n1付1'y. These nuclc、ousa1'e clefi11ecl as "rotatio11 aligned" andいdeforrnation

aligu代 1"11ucleo11s、1・espcctivcly. The behavior of the signature inversion seerns to 

bc dcp<、nckut011 the p1'oton nlllllhe1' in t1H' A. rv 160 1・egion.and 011 the neutron 

11111111)('1' iu t hc A rv 130 H、gion. This sllggests that the coupling of the va1ence 

11uclcon日付hou1clbe unではigatednlorc' ca1'cflllly with attention to the shell filling of 

thc clcfonllel tion aligned uuc 1eon. 

Th<、UlostIlnpo1'tallt point in the inyestigation of the signature inversion 

is finll <'xpc1'ulleuta1 spin assigunlf'nt円。fthe band lnenlbers. 1n this sense. the 

p1'cscnt cxpc1'unent a1 clat a a1'e Ye1'y inade仁luate. 1n th守 lnassnurnber A.. rv 130‘ 

('xpe1'inl<'uta1 spin assignlllC'nts a1'e lllac!P on1y for the two nuclei of 124CS and 126C 

[7]. Thcぉiguatll1'cin¥で1'sionsa1'e 1'epo1'ted in 0川tl

La is<り)tope~只丸ミ仁‘ thc signe1tu1'e invc1・sion is oh~ザ1・¥Teclin 126La. ancl nlight be in 128La 

[16][17][18]. Th(' signab昨日日中rsionis not so clear in 130La [18]. 1n these Cs 

and La isotopes， i t cannot be di日cusscdwhethe1' thc iny町 sionoccurs at 10w spin 

01' not. hccallse thc spin assigulllents a1'e anlbiguous. The calcu1ations b~・ Tajüna

inclicatc not on1y that thc ag1'c('nlcnt hetwecn the theo1'etica1 signatll1'e splittings and 

expC1'inlC11ta1 data i汚 110tsn伍ciellt.hut a1so that the sign of the ca1cu1ated signature 

spli t tIn広sa1'c OppO日itc to thc cxpel・inlC'ntaldata on La isotopes. One of the 1'eason 

fo1' t his disc1'cpancy wOll1d be clne to thcぉpi11Sof the bands in La isotopes. The 

日pinsa1'c giY<'l1 hy thco1'ctica1 cliscnssions as 1'onthia11s 01' aligncd a11gll1ar nlOnlE'llta. 

aucl t hns a1'(' uot assignecl cxpc1'ullC'ntally. 1n lightC'1' La isotopes、even1'ot ationa1 

l)auds a1'(' 110t 1'cpo1'tcd i11 1'24La. 01' 122La fo1' in叶ance.S01l1e 1n01'eぞxpe1'unenta1clata 

a.1'e (' 1c、a1'1y1'cqlli1'ecl fo1' the n101・Cclecp行 llnclc1'standingof the signatll1・ei11vel-siO11i11

odcl-oclcl U1H・lci.

Th(、p1'Csc11t¥vo1'k has bCCll initia.tccl hy thC' a.boye nloti，-ations. It con 



。f124 La. a.irning at the cxtension of the syste111atics of lighter odd-oclcl La isotopes. 

Thc町、ぐonclはnclyis thp spin assignll1Pllt of the rotatiol1al bands of 128La. This has 

hccn p~1'fonned in o1'dc1' to detennin守 whethe:rthe signatu1'e inversion appears at 

low spins 01' high spins. 

111 th(、 following chapt凡 thcοxperinJ.ental procedures of the in-beam 

sp<、ct1'oscopyof 12/ILa.， the J cleca.y ancl the in-beam spectroscopy of 128La for the 

sp1n eiS円ign11lf'ntwill hc dcscrihccl in rhaptcr 2. chapter 3 will be given to the report 

on thc cxp<、1'Illlc11taln~su1t s. The configurations of the bands in ]24La~ the spin 

assignlllC'nt of 128La and the systelnatics of the signature inversion will be discussed 

i11 rhoptel・4.1n the白nalcha.ptel¥w(' will SU111111arize the conclusions derived from 

th(、prcscntinγestigation. 



Chapter 2 

Experimental procedure 

2.1 In-beam spectroscopy ()f 124La 

門 p円山1口t川 れw(附'(、11dp門門P，'(γ刊刊叫?マ?吋eι仙山主4主10司pο代吋dh冶)a1剖1川l

[17][18]. Fro江1na qna1日itati，で thP01 守付tica1clis刊 ss灼s10na吋 P悶xpe白叩I討i江口n1e凶 a1 syアstema討山tics

i t is 討 propo 只別('、光'clthat the haucls popn1ated with high intensit} ・ haye π hll/2 之ν hll/2 

allcl 1rhll/'2 ; νgi /2 COU五gU1・atiou.Ou the excited states of 124La. ho，ye，-er. detai1ed 

cxperiulClltal clata han~ uot he-eu reporte-d 80 far. although aヮrayspectrunl recorded 

ill COllJIlllぐtiou，vith tlw Dareshllry re-coi1111aSS separator aud a few of r ray energi允e 

l 

an 11口lト-1)('、'a出t江uu日l只司pe-何ctroscopy was uuck円円rtake刊1日1.

The excitccl statps of 12ilLa wcre populatecl through the 35 Cl+92~Io reaction 

a t 1 )('al11 C'llergi(、日 of150 aucl 135 1¥le¥¥Thc、t<川1孔rge吋t，羽1γ-asa self-s乱uppor吋;了~ti山ng nleta討11ic

f企o仇'oil江i孔10Gαωo Iμl侶19l仁口印u山l

u お幻iugtはh以(、KORDBALL ぉpcctro111etcr aucl the tandc1n-hooster S} ・stenl at thc Niel 

Bohrlll叶itntrill Dcu111ark. Thc calibration of thc cnf'rgy sca1e and the photo-peak 

p伍ClC、llcyof thp ウray clc、tCct01・日 wcrc carriecl out by 152Eu ancl 133Ba sources. Th 

coillciclrucc data. 'V('1'(， rc('orclecl ou l11agnctic tapes 刊でntby eyent wheu at 1east two 

of th(' B aF '2 clc、tc、付01・日 aud two of t hc Gc clctcctors 五recl.ln this experi111e-nt‘ 4x10 

γ-γ ぐりiuciclCllcCcvcnts "中1"('co1kctccl. 

Th<、(・rossscctiOll of thc procluction of 124La is dC)1ninallt in the 35Cl+921¥10 

rcactiou札 ThpC0111pOllUclllllclCUS 127p1・forthis reactio11 is loca ted fa1・f1・0111thc lin 
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of {1一日ta.hilitya.ncl nla.ny Cha.nllοls of pa.rticle evaporation are open at 150 Me V. 1n 

S1.1ch a刊 行 列 thc 1nass assign111ent of residua1 nllclciヲ ingenera1， beco1nes di伍cult.

Since thC' nlC'a.S1U'C1l1ClU ofγ-1'ay yif'ld at di妊・Crcnthcam energies is hclpfu1 for the 

l11a.ss a，ssigUllH'llt of H'action p1・OdllCtS.we challged the hcam energy to 135 Me V. 

Th(、(、xpc1'illwlltat this 1owp1' hca111 elle1'gy was performed hy the tandem-booster 

S}百t(，l11a t th(、Uniye1'sityof Tsukuha. Moreov('I'. a charged-particle multiplicity 

fi1t(、l' e1ncl e1 n('lU1'Oll (h，tpctor we1'c u間(1. Pa1'ticle-γcoinciclence measurements were 

PO¥¥で1'fn1to the se1pctioll of exit challue1円.

2.1.1 NORDBALL 

TIH主 ~ORDBALL 円pcctro111C、 t('r COllsistf'd of 18 Conlpton-suppressed HPGe 

clc、tect01・札 ouc LEPS for t hc dpt('ction of 1ow-energy ゥ rays and the inner ba11 

of 52 BaF'2日cintillatiolldC'tcctors forウ nlultiplicit)・ nleasurenlent.The fran1.e of 

thC' ~ ORDBALL is a t1'uncatecl icosah代 h・onhayillg 20 h守xagona1surfaces and 12 

pellt agolla1 sll1'face日. C01nptOll supp1'essedゥra}・ ιletcctorscan be n1.ounted on the 

hexagona1 sll1'faces al'1'angcd ill such a way that the fi1'st五γesurfaces with a po1a1' 

etllg1(、。f370
汚U1'1・oUlldthe bCa1l1 axis at azIllluthal ang1es eyery 72 0

• and the second 

五γC'snrfaccs with a po1a1' anglC' of 790 su1'1・Olllldthc hea111 axis in eyer:・ 72 0 • Thi 

yif'lcls 2 1'ings with 5 clοt('cto1's equiclistant1y placed. Tellウ 1・aydetectors can b 

plaれて illt h(' f01・warclhelllIsphe1'c ill t his way. Allot her 10今 raydetectors are 

ar1'angecl可1l11lH、t1'ica11ya t t h(' hackwan1 hculIsp1w1'e. Thc po1ar allg1es of each 1・11lg

arο 8=370
. 700

‘
1010 eilH1 1430 

¥¥・ith1'('日pE'ctto bca111 cli1'cction. The su1'faces of 

th(' p(、llta広ona1sha pc a1'(' usua11y occllpiccl 1乃-thc photo l1111ltiplier tubes of BaF2 

scinti11川10Uぐりllllt(、1・sfo1' ゥ111U1ti plici t:・ fi1te1・. 1n ou1' cxpc1'Illlent. the LEPS wa 

n10lulI(、(1011 a h(、xagona1日11・facで locatectat the 19=1010 
1'iug. The encrgy 1'esollltions 

()fゥ1'ay (1(、t<、〈寸01・おれで1・e2.2-2.6 keY fo1' l.3 T¥IcY r 1'ay of GuCo SOll1'ce. 

10 



2.1.2 Multi detector array of the University of Tsukuba 

The SP(、ctroulCt erぉystenlCOllsist('cl of 6 HPGe cletectors with BGO auti-Co11lpton 

shirlcl， 01H' liqllicl scilltillation clctC'ctor aucl a charged particle lllllltiplicity filter. 

The ('ffi(・H'UC}(，円。fGC' clc、ted.orswC're in thC' raug守 of30'"'-'40 9千relativeto a 3in X 3in 

aI dc、tc、Ct01・. Th(、ratioof thc gco11letrical solid angle of oue cletector to 47f was 

li111itecl to 6.16 x 10-:~ hy kacl collIlnator. ThC' S1l1n of two photo peak areas for 

(iOCo日(川口、 wastypically 47 % of total area of thC' spcctrum( P /T '"'-' 0.47). The Ge 

d(、t<、け01・N 孔ucl1H、UtrOll clct(、ctorWC1ο1110llntecl on a dodecahedral frame. Five Ge 

cl(、tc、cto1'sw(、1・C'placC'cl ill axial synl1nけrywith resped to the beam. The polar angle 

e was 116.50 (backwa1'cl 山川iOll)、 wherC'asazinl川 l凶 a時 1es..p's were at every 720 

ll(、G('clc、打、け01・，¥・asplan光1at e = 00
• The el.le1'gJ・1'esolutionsof HPGe detectors 

kでn、1.0-2.2keY for 1.3 ~IeY 勺 1・ay of f)uCO sourcぃ

Thc llcut1'oll cletC'cto1' was placecl at e G3.50
. It ，yas a liquid scinti11ator 

nlacl(‘1)¥" Bi(，1'oll BC-501A ，，"ith a '"OhUllC of ahout 5 liter. The detection efficiency 

was nwa日u1'cclhy llCU tr・OllSIl・0111an A11l-Be sou1'cC' placed at the target position. 

A stallcla1'cl 1110cl1l1e of 21GOA suppliecl by CAi¥BERRA ，yas used for η-

clisc1'inlIlla tiOll. The cletectiou C'伍cicncy¥¥'as ahout 40 (え forneut1'o11S frOlll the 

A111-BC' SOll1'cC'. 

Thc cha1'gC'cl pa1'ticlc unlltiplicity filtC'1' was clesiglled ill a sinlIla1' n1anne1' to 

thc Si 1川 11山、yc10peclat Kyllshll Ullivc1'sity. It C0111p1・isecl17 Si dctecto1's 200μn1 

thick. The shap(' of thc、clC'tC'cto1'a1'1'ay ¥¥'as chos('u to be a pentagonal box in o1'de1' 

t 0 lllllllllliz(、thc主 attellllatiouofゥ1・elysto the Gc clE'tecto1's an・angedill pentagonal 

syUl111C'try. Fac('s of th(、1)('21111cut1'ancC' ancl cxi t "でrefi，下-seg11le1ltedpentagonal 

cl付。cto1's. Thc kngth of thc只iclc¥¥'aぉ 17n1111 ancl a 6 111111 ho1e ，yas p1'epa1'ed at 

the ('C'lUC'1' to pass th( 、h('eU11. Thc、討附C'clC'吋t代何.to江l'汚 1れ1γ.でP円吋1'cclc刊、、1γ'下P叶10pe代del t I¥:‘〈よyushu Uni，γ"e臼1's幻it勺y

[ロ2羽叫O川].Ea似町c山7

111山1111羽，vせ1C山1('<:11口L以cl24 111n孔110u以巴.ThC' clctC'cto1's al'f' the 1110dd S2662 l11ade by Hanla111atsu 

Photollics Co. Th1'C'C' 1'C'ctallgula.1' detC'cto1's "中日、 p1accdalong the beanl di1'ection 
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ov<"1' th~ lellgth of ahont 30 llllll. The total llllmber of segments was 25， and the 

total日oliclangl~ of activc a1'ca was 74 (70 of 47r around the targct. From the 

linlItatioll of dcct1'onics ill actual operatioll， ruullber of segments was reduced to 

16 by cOllll~Ctillg 白V守町、gl11ents of the ~ntrancc fac<" and five rectangular detectors 

togcth~ 1' a t back"引 .dangles. Th~ discrimillation of PI叫 onsfrom alpha particles was 

e1chic、v('dby 111easn1'illg pnls<" heights. Larger p1l1sf-'s correspond to alpha particlesぅ

if tlH、(‘hm以下 ()f hits by two protons in one seg1llf-'nt is su伍cientlysmall. The 

pa1'tirk clisc1'inlIllation was successf1l1 at enlIssion angles sn1aller than 1040
• although 

i t be('C)llleS illacl~仁1 1lat f' a little at angles la1'ger thall 1040
• The channel selectivity 

wa日日atisfodo1'Yfo1' the separatioll of 3p channel fro1n 1p and 2p channels・

2.2 Spectroscopic 

states in 128La  

investi~~ation of low-Iying 

As clescrih代 1ea1・lif'!'. tlH' spin of the bancl nle111bers is crucial to the occurrence of 

sigllattll・ο1n¥で1'siOllill oclcl-oucl nllclei. For the spin assignnlent for rotation like 

band日 hniltat highcr行代itation<"n行 gies.the spin and pa1'ity of the ground state 

nlust he kllOWll a日 wcllas the 111l11tipolarities of linking transitions between th 

higher excit~cl stat~s allcl the groll11cl state. The cletailed data of the lo¥，.-lying 

日tat<'s are requirc'cl. 

Then' hav~ b<やIIa little clata Oll low-lying states of odd-odd La isotopes in 

the lllass nll111h('l・ofArv 130. III 13 :2 La 、 th~ spin and parity of the ground state is 

report ecl to 1)(' 2-. The groullcl は at~ 心cays'uia .3+ /EC deca)・with a half liかof4.8 

h. All iS()llleric sU1te wi t h 1π=  6-allcl T1/'2二= 24.3 nlill is locatecl at 188.5 keY. 

This iS( )lll~ri(、はれも(、く1('('ays '!J1:aβ+ /EC decay andゥdeca3・sof E4 alld 1I3 transition 

[21]. Iclrissi け αl.1 

J:2μ'-lLa人う tl削 1唱ghthμH'γtnu山 itio山 h

lSお 1日10臼引ncl七hexpe仕吋111日nH、1日ltalcla訓.ta. 01日11 却 La. 1は:28Laand 13 υ La. Only one J-unstablc state 

i日 1・cportcclill th~s f' oclcl-oclcl isotopcs. 

Oclcl-A. nnclei in thi汚 nlass1'egioll ha¥で s3・ste111aticallyhigh-spin iS0111el・Sぞansed
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hy thc hll /2 high-j int1'uclC'1' o1'hi ta1 or the g7/2 orbi tal. A11 of the ground-state spins 

arc、 1/2+ill l'2iBaぅ l却 Ba.， a.lld 1:31 Ba [23][24][2，5]. The spins of the ground sもates

ill 128La. alld 131 La a1'c (3/2+) a.nd 3/2+ [26][27]. F1'o1n thefザ systematicsof odd-A 

11llcki (-l，lld two C'Xall1p1c of oclcl-oclcl La lluclci 1nelltioned ahoveう itis expected that 

l ・28Lanlight havc two fj ullsta.b1c iso1ne1's a1so. Onc of then1 wou1d be of high-spin 

e111cl th(、othe1・wou1clhe a， 10w Spill isonler. 

Oll t h(、hasisof such an argun1elltう twokinds of expe1'Ilnents were unde1'taken. 

Thc fi1'叶 f、xpc1'Illlcntwas 1nacle on the s-clecay chain ()f 128Ce→128La→128Ba. The 

scco山 1cxp<'1'Illlellt was thC' se閃a1町川chf，長o汀rt札he庁s+/EC a吋ウ白caysfrom a high凶 p1山n 

i 討別叩01日111日l('円Bヨl'fnnn 128La. If thc lcnv-spill iso1ner has SpillS of 1 + 01' 2+ o1'iginated from the 

れ川)li略。fthc p1'otoll 3/2+ statC' allcl the ぽ uto1'n1/2+ state. stro時 feedi時 shou1d

hやりhSC'r¥'C'cllJiαthe .3 clccay f1'on1 128Ce. 

Tll(' ha1f li会 ofthe .J clecay of 128Ce is desc1'ibed as T1/ρ2 5.5士;:3;nm凶l1nu叫t牝e 

i山111口eバef(イf合(、1肘1'C1円1削 、[2お刻8司].Th山lSヨγ刊叫a叫h児 hcn 

1日10仁clata0迂fウ1'ay日 aft打eヨ'1'thc d clecay of 128Cぞ. Neithe1' the low-lying states no1' the 

円 ostcn円、 oftwo ，1-unstahlc isonlC1's a1'e 1'epo1'ted on 128La. 

Goclf1'cy et al. ancl Nolan et al. obse1'ved the high spin states of 128La [17][18] 

Ho¥y門下1¥thpゥ1'ayslocatccl hclow the 1'otational bands a1'e not 1'epo1'ted at a11. If 

1:必 La"・01l1clha¥'c a high-spin ison1C'1'ic寸ate.the fiow of勺 1・ayintellsity wou1d be 

enni11<l t代 lれtt he isolllc1'. Thc、C'xpe1江nenta1 1'esults b~・ Godf1'ey and 1'¥ olan suggestE 

tha t li11ki11広t1'a.ll日itions a1'c YC'1'y ¥¥ゃek.alld thus the isonlc1・"・ou1dbe a 3 unstab1e 

st a te. If w(' cou1cl () h川、1・v('linkingゥ t1'allsitions、thc ha1f life of the1n should ae:1' 

wi th t h(1 t of th(、，] decay of high-spin isollw1' of 128La. 

Thc d心(れyof L目必La附目、 ill¥'cstigatC'cl by pn'¥'ious a 1川.101's[30][31]. The 10w-

lyi11g ('Xぐit(、dstet tcs of J 28B札t1lC'c'llcl-poillt C'nc1'gy of d 1'ays and 10g ftγa1ues a1'e 

pn'se山、く1i11 1'cI<、1'CllCC[31] in 似'，ail

III orck1' to 111C'3，日U1'(， t!lC'ウ1'a.y只 allclclecay CU1'ves司¥¥・eused a tape t1'anspo1't 

syste111. Two 1'e刊a.ctio凶ぱ lりω3Rh(28汚叩S臼i、11ド)2吋12必8C炉 a

('円3ヨ11lp1いoyc、て'df，長o江l' c1'o汚m只 hC>lll山ba.1'工.cl1口1nC'仇、'1口1tS. ThC' fon日付 1・cactionp1'oducC's both of 12δLa 
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aud l'28Ce. whi1ぞ thc1a.tt(、1・1・cactiouucvc1' produces 128Ce. 

2.2.1 Tape transport system 

Th(' tap(、t.r・auspo1'tsystC'Ul is a. 111(、σha.uica1日ystcnlto nlOVC raclioactive products 

f1"<山 th(' p1'o山川outa1'g(、tto au app1'ol山山、 clctcctiousyste1I1 for s auclj OIγrays 

企~ 100p uleH1<、。f(1U olcl n1a.guetic tapC' fo1' c0111pnt何日 is1nounted OIl a clrive pulley 

at 01H' ('11<1 aucl (1U icll('1' pll11(、yat the othc1' C'nd. To p1'cvc1lt from the breaking of 

t lH、tap<、clll<‘tothe 1・3cliatioudRl11agc hy bca111 :in・acliatiou.a 1ead 1ayer is pastecl on 

t 1H、111el広1H寸l(・ tapc.T1H、lc、ad1a}で1・lSsn伍cie11tlythick to stop the bea1n as well as 

n、artloup1・odnct討 1・C'coilrclont fr<H11 thC' ta1'gct. The driye ancl iclling pnlley are of 

、 0111'~(' iustall(、cliu "(lぐ1111111. The cl1'i ¥で pn11り，.is set a bon t 40 cn1 a bcn・ethe target 

posi t i011・ Dcu、けo1'sa1"<、 p1accdhο10¥¥・the target bJ
・ 30cn1. The id1e1' pnlley is pu 

f11rt h<、1・dOW11hy ahont GO Cl11. 

Th<、tapc t1'allおportsyste1n ¥¥'a日 llscdill the follo¥"ing sequence. At first. 

recoi1(、d n'eH・tionp1・oclucts we1'c captnrccl in the 1cacl 1ayer dnri11g the beam 

H・1'acliatio11tilIH'. Aftc1' thc in・adiatio11.thc tape was nlo¥'ed by the stepping n1otor 

to the d付C'ctorpoSitio11 ¥¥・ithi11a tra11spo1't tIlnc of 0.7 sec. Then n1easure1nent 

of racliation wa.<:; start('cl. The tota1 1cngth arouncl the 100p is approxin1ate1y 3 

111. Th(、1<、口氏thof 1110¥で11H'1ltfnn11 t h(' ta.rgct to thc clctector posi ti011 shon1d be 

cha11gcd in ('ach cycl(、。ft h(' 1>('an1 in・acliation ancl snhsequent n1eaSUl'E'n1e1lts to 

elyoicl OhS('1Tatio11おりfll11Wa11t(可1activiticト¥¥・ith10ng lifctIlnf'. Afte1' a lOl1g tinle. 

howc¥'<、1¥れ 100phaぉ to1)(' rcp1accd hy 1H'W on(>. Thc finctnation in positioning of 

th(、 r<'ぐりi1prodllc・tsa t thc、clet(、ct01・pO日itio11aftc1' t1'a11sport was negligib1e iu th 

prescut ('xp(，1'llllcut討.

1n SOUIC 川町、s.thc、hackg1'onudfnHll iu-bcalll 1'eactio11 was 10"" enough. so 

thatれ conti11non日 間c111('l1CC ¥va.s n日刊1to inC'l川町、〈・onutiugsta tistics. Du1'ing the 

1ll<'aS111'cnH'1lt.目、 tll(， hCRl11 in・adieitccl the ta1'get aud 1'ccoi1 p1'oclllcts ¥¥でrccollected 

fo1' t h(、1H、xtn1('(lSll1'('n1('1U. 

企I，.tt h(、clct('C t01・positi011. (l thi11 111y 1a1' Wi11clow 50 fll11 thick is prcpa1'cd fo1' 
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pC1川1'a，tionof 10w cn(，1'l2;Yγand/o1' s 1'ayぉ. Hは ，vyshiclcls are macle to rccl旧 e

1>a，白

1口llC、aれ1，お川只川11n'、d l)y n1ulti一日刈topTDC wi比thth('、1'c討山olu日1tionof 1 汚. The 1l1u1ti-stop TDC is our 

01'1ιiua1 ca.nllllac 1110clu1c. It couuts th(' uU111he1' of pu1scs which a1'e generated by a 

pu1s(、民('u(，1'ηtor.':Vh('n thC' dat a takiug sysu、111is t1'igge1'ed hy the Ge detecto1's; the 

U111U1> (、l'of t h(' nullti-stop TDC is accept('d as tIlnο 1'ecords. 

hc stepping UlOt01'. a h(、a1nchoppc1' and the data taking system ¥vere 

cout 1'oll(、dhy a pc1'sona1 C01npllt('1' PC-0801E. Thp clata taking system and the 

l11lllti-stop TDC 1・ec('れでdλ 日ta1'taucl 1'eset p1l1sif' fnnn the p('rsona1 c01nputer. 

~ Si111p1c、 h11t not lllIno1・ p1'oh1e1nwas ekct1'ica1 uoise f1'onl the persona1 

・Olllpnt<、1'. 1u 0111' cas('. the uoiぉewas 1nini1nizcd b)・cutting0妊・ thepo¥ver to the 

( lisp1a~・ nlo11ito1' of th(' p(，1'so11a1 C()111pllte1' in pc1'iods of the 1neasurements・

2.2.2 The 3 decay of 1:おCe

111 t hIs ('xpc1'Ilu('nt. nl('(¥SU1'('1l1('nts wc1'e p白色)1'111日 1011ウーゥ Coi11cidence and decay 

ぐ111γes()fゥ1'(¥)'saftc1' th(、 ，jdecay of 128CC. The uucleus 128Ce was produced in 

the Iり:3Rhe8Si，1p211)128CC 1'eaction at 105 I¥Icべ¥TheSi bea111 ¥，・assupplied by the 

tallde111 ac打、le1'ato1'of VnI，.円'sityof TSllkuha. The ta1・豆et¥¥'as a se1f-supporting foi1 

C(山 istcdof natu1'a1 Rh 1.24 l11g/ぐ1112thick. The llatural abundance of 103Rll 

1001<. F1・on1a11 iu-hCeUll日p代・tI・0おれ)P1ぐ n1CaSll1'e111ent.it ¥¥'as kll()¥yn that 128Ce wa 

e1 d011lI11aut 1'('action p1・odllC・t. 0妊・-li11en1<、aSllre111ents¥¥下1・('llncle1't akcn using the 

t ape tra11Sp01't勺Tst(、111d(、sc1'il)(、C1 in t hc p1'(，口、dingSllbSCCti011. Both of the ti111es of 

1)('(1111 i1'1'ndiation elnd l1lC、川111'C'11H'Ut¥V('n、GnlIn.. Thc勺1'm.s¥¥'C1'e nwasll1'ecl by two 

HPG(' d(、t(、cto1's.(、川、hof which hacl e1 t hin B(、-windowto allow the pCllct1'ation of 

10w (，UC1'広Yphotous. Th(、円以、1・gy1'('目。111tious¥¥'(，1'e 2.0-2.2 k(べ-fo1' the 1.333 I¥Ie Y 

1'ay ()f W)Co SOll1'C('. T1lC' clistan('(' f1・0111t h(、日0111'CCto th(' su1'faぐ('of dけecto1's¥¥・as30 

111111. A tota1 of Oxl0i rーゥ COlllC・icl(、11C('('¥でutsW Pl・eぐりllect<:'d.
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2.2.3 The βdecay of 128La 

The 山山1("川(ぐ什.1いC1山 128La 1 川"Ibc代(川 p1'O川)cl川 (刈3

ta川a川1明広停{川、tWe川 れ 汚町肘叫('什、'lf-引S別nppo川1't凶i口山u以広 f企仏似01日1c代ωo山叶J川バや代バcl0叶)辻fllabぜlra叫1Iu 2.7 mgjcm2 thick. The 

uelhu・a1川)1111clauccof 11.'iIn is 95.7 o/c. The uuclcns of 128La was a dominaut reaction 

p1・odnd.The excitation fnuctiou. clccay cn1'ves ofγ 1'ay汚 audtheゥーγcoiucidences

¥¥で1'C U1<川討n1'('dofl' liue nsiu広 th(、tapct1'ausport日ystell1. The excitatiou function 

WHS 111('(¥お111'(、cla t b<Hllhanliug eue1'gi(、sof G1、6tト69ancl 73 ).le V. The clecay cn1"・e

audゥーウぐり11l<・icl(、1H可、¥¥'('1'('111eaSllH'cl a t G5 alld 73 :-'1οY. 

Th(、tiu1esof in・adiatiouallcl lllCaSllrC1nellt were 5 nlill in thc excitation 

fuudion andウ勺 COlllC・icl(、u('('lllCaSll1'ellH'uts. The tI1nes were 15 min in the decay 

ぐ1U"¥"<'lll<百行1llTnl<'llts. Th(、今 1・ays¥¥で1・ell1eaSllrf'd hy t h1'ee HP Ge d仔tectorsin the 

ワーウCOillCi (l<'nce. T¥¥・()of t hel11 had t hill Bト wil.lclo¥¥・s.The ellel・gyreso1utions were 

2.1-2.2 k<べ¥Allothe1'clf't('cto1' ¥yith a llonna1 A1--willclo¥¥" had an energy 1'eso1ution of 

2.0 k(べ-f，り1・t11(' 1.333 :-'!C"¥-ゥ1'ayof仰ぐo日HU・cc.The distance frcnll the source to the 

日ll1'facC'of dc、u、ct01'S¥¥や1'e42-45 n1n1. Thc th1'ee detecto1's we1'e placed in a horizontal 

plallC' wit hiu au auglc、lf'SSt hall 1800. Thc aug1f' of one cletectol・wasa1'bi t1'ary and 

clc占ucdas 00. Thc ot hc1' twoιlctC'do1・日れで1'Cpositioned at 800 aud 1600 
¥¥・ith respect 

to the自1'stclctedor. A時 l山l' ('o1'1'clatiou of n-(00.200) and n-(00.800) cou1d be 

uH'a~lll'ecl iu this a1'1'allgcllH'ut. Iu t hf' elua1ysis of thc clata. the 1'atios of these h¥-o 

yiclds w(，1'(， (，ll1ploy(、(1. ThC' nlllllbc1' of aCC'l1l1lU1a tccl ゥーゥ Coillcidence ぞ，-entswere 

2x108 at Gj )，!eV aucl 8x108 at 73 1!cY. 

2.2.4 In-beam spectroscopy of 128La 

Th(、目、 isa clisc1'cpauc・y1)(、hyccut h(、1<、γ(、1Sdlf'lllC of high-spin band sh・uctll1'eSin 

1ぷ Lap1'Op<附 clby N<山u(t 01. [17] aucl tl凶 b~・ Goclfn寸付 α 1. [18]. N olan et 

([ 1. 1'(，p01・tecla. cascaclc of 138ラ 104aucl 85 kc "\，~ i 1・i::1YSbclow thc 1'ot a tioual bancl. 

fo1' ¥vhich th(¥π11 "/2(>.)1ノ11，1/2con五gn1'atiouwas assnnlf'cl. Thc 01'dc1'iug of the 

ウ 1・aysぅ ho"ゃV(、1・ぅ n、llla.illS11llcc1'taill. Thc cxc:itcd statcs of 128La WC1'(， p1・odllced

l)y the 吋 !O(37Cl，α3n)'加 Lal'cactioll at a. heanl 叩(、nrγofE=145 I¥!cV allcl the 
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11S1lle勺 う311)128La 1'C'actioll at E1au 68 MC' V. The 1atter reaction was uscd to 

111('a日U1'('an elngu1a1' cli叫rib11 tion only. 

l¥.C・(・01・clingto Goclfn、y(t al.， Oll the othc1' hanclう theyohscrved a 66 ke Vγray 

in th(、rotational bancl， w h(、1'casthc、85kοVγ1・aywa汚 notohscrved. They uscd the 

~JS l\ Io( J(>S ，p211) 12δLa n古(・tionat b0111barcling cnergic汚 ofE=135. 145 MeV. 

1n 01'( lc1' t 0 1'('lUO¥で thiscliscr('pancy and to cletenninC' the spin of the hand 

1H、acl()f t h(、1'otcuion-lik(、hiιh一日pinbancl， in-b('a111 汚pectroscopicstudies ¥vere carried 

out 011 128Lel through t1H、 J}."i1n( lsO ，3n) 128La rcactio11 at E1aL二 66 ~1e Y and the 

10:3Rh(却 Si.2p11)l・28La1'C'action at E1ab=105 T¥IeV. These two reactions p1'oduce two 

diffe1'(，l1t ("()lupou11d lluc!C'i of 1:31 La ancl 131 Pr. so that our new experiment would 

1)(、 elpart ()f wiclc、 ¥'a1'i('tic>日 ofC1'OSS b011lbarchnC'nt s by c01nbining wi th pre¥'ious 

('Xl) ('1'11 11(' nt s. 

Th(、lfiOancl 28Si hea111 We1・esupplied hy the t anclenl acce1erator of "C niγersity 

of TSllkll1川. The J 28La w制 the clC)lllina11t p1・oductin the 11.51ne60.3n)128La reaction. 

hut l10t in thC' 1υ3RhC必 Si，2p11)128La1'C'acti011. Tllf' 1n and Rh targets were both self-

孔lPl川 ti時 ll1C'triCfoils. The t hick11eSSeS we1'e 1 lllg/αn2 fo1' 1n. and 6.8 nlg/cn12 for 

Rh. The 1naterials ，'¥中n、illthC' lla t u1'a1 el hundancc. 

Th(当日pednHll<'tC'1' systC'l11 cOllsisted of G HPGe clctectors ¥¥廿h BGO anti-

~onlptOll 討hielcl. A lH、uh・Ollckt(、ぐtorallcl a chargecl particle nltutiplicity五lter

¥¥'('1'(' 11町、dill thc、 11.S1ll(¥(>O .3n) 128La 1'eaction. ThC' clet ails of these detecto1's were 

clc、日Til)(、clill sectio11 2.1.2. Two folcl ゥーゥ coinciclC'llce e¥下nts¥¥で1・eaccunlulated t 

obt aill tot a1 (，Ollntおりf1.Gx10(> for the llS1ll(1f)O，311)128La rC'action ancl3x10i in th 

1():~ Rh('必 Si.2pn) I '28La rcadioll. 
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Chapter 3 

Experimental result 

3.1 The nucleus 124La 

Th<、 <'xp<、1・IlllC'l1taldata was e111e11y以て1off li11(， hy・¥-AX c01nputer system at the 

el11dc111 Aα'C'l(，l'a t 01' CellU、1・i11Glliyel'sity of TSllknha. Fig. 1 sho¥ys t}・pica1γ

l'ay sp<け1'aobscl'¥でclill COillCicl(，11付 ¥yithp1'oto11s and llf'ut1'ons. In the spectrum 

おり1'U、dhy p1Rci11g th(' gate 011 the 3pOn Cha1111f'l. ウ 1'ays f1'011l 124Ba are enhanced. 

:-¥. Cぐり1'dillgto t1lC' caknlatioll ill tCl'lns ()f the 日tatisticall11odel. the Cl'OSS sectioll 

1<官 dillgt 0 t h(' 1]J 1 n (・hall11clis l11nch只lllallE'1' tha11 that to the 2p1n chan11el. In 

p1'act ice. t 11<' sp('ぐt1'1U11ohtaillcd f1'o111 the 1p1n gate clid llot i11clude anyゥ rayswith 

日t1'ollgi11t (，llsi ty. The spc、ctnu11di只plR}でcli11 tll(' lo¥¥'est panf'l of Fig， 1 ¥¥・asobserved 

hy・お11111111111広t h(' sp<、ct1・れ gat<、clby 1p111 a11cl 2p1n Cha1111f'ls. Tight cor1'espondence to 

th(' 討勺叩lド〉川 1'1日nll

i11 Fi広. 1. B<，sid<、s.th<、chR11gC'i11 t h(' i11te1v号itiC's ofゥ1・aysfr0111 124 La 0 bseryed a t two 

h(、a111<'11<'1'巳1<'S¥va日 111a民n'Cll1('l1twith that f1・0111thc statistical-nlodel calcu1ation. 

Th(、l11ajo1'ity ()f photo p<、ak丹、t.h<別、fo1'c.ca11 1)(' .1・('asonablyattributed to theゥ ray

f1'0111 J 2-1 La. Th(、11111111><、l'of 11e11t 1'011 eγapo1・at iOll ぐllei.1111elswas slnall. so that e¥'e11 on 

11('11 t 1'011 cl(、打、Ct.Ol・¥va日(、妊('(・tivc、toassig11 to t.hc、2p1ncha11llcl. Othe1'ゥ 1・aysbοlOl1E:ing‘ 

to 12<1Lれれや1'(、 iclc、11tificclhy COill(・icle11C('1'elれtionshipsheh，でC11thcseゥ1'ays.Of cou1'se 

Vl叱T('、1れ〈οり叩げ、:コ下γJ<'戸J<'、川 cl k1 

1111以c什，l( 、せ dn1'in巳 th(' a1日lalys吋?只訂~1~円s .仁. Fig. 2 shows 泊 l11plc 、gatc 、d spectra. 

Tl1<、1'elativfふ i11tCllsitics ofγ1・ay汚 京中1・c('stIlnatcd fr・0111gatcd spcctr・a.As s('en 

1 



iu Fi広.1、it.is i111POssih1e to dctcnniue thC' iutC'usities forγrays of intercst fr01n th 

S111広1(、討 sp代 .tnllll. At fi1'st thC' 1・elativeiuteusities wcre derived for ou1y prominent 

γ1'ays 111 (、achstI・llctll1'cfnnll a tota.1 proj代 .tiouspectnlln， which included ma.ny γ 

1'ays Il・OU1ot.1H'1・ullclei.Thc fiua1 va1ne of 1'clative iutcusitif'S iucluding weakγrays 

¥V{'1'(、。btaiu円 lIl・0111gatccl sp何 t1'ahy uonllalizing to those of prominentγrays. 

Th{、(、1H、1・gH市 れucl1'clat.i丸で iutcusi ties ofγ 1'ays ideuti白οdin the present work 

<:11'(、広1¥ヤuiu Tah1(、1.2 aucl 3. Siuce th(、gl・olludstate is n日kuownas well as linking 

t1'allsitioll討 1)(、tweeut 11e gl・olludstatC' alld the hand heacl. the excitation energies are 

t，(、lltatiy{'lyUH、aSll1'eclfr<nll t he 10west levd of eaぐhband. On1y the statistica1 error 

is t akC'll iuto (1CCOllUt iu t 11(' 1111C(、rtaiutyof t1w r<:>lative i11teusity. 

ム })1・01川町、clpa1'tial lc、velschcn1e cl1'awn iu Fig. 3 was const1'ucted from the 

COillCiclcllC(' 1'c1atiouships. T1n、C'(， hallcl st1'nctllres a1'e identified as band 1. 2 and 

3. Thc、1>elud日 1aucl 3 cou汚istof t¥¥"o sσqneuces of crossover transitions. ¥¥・hich

a1'c COllll('Ct<'<1 hy illte1'haud c a町 aclet1'ausi tions. The t1'ansi tions in the band 2 are 

cascacl{'. S刊で1・a1iutc1'haucl t1'a1凶 itiOllS a1'e OhSC'l・1でcla t 10¥ve1' energies between th 

halld 2 aucl 3. 

T1lC' pattC'1'll of thC' cxcitcd statc日 iuthe 1 )allcl 1 is sIlnila1・tothose obse1'ved 

ill 121)La. 128La allcl 130La. Theぐoufign1'at iOll is p1'oposed to he of ii hll/2之νhll/2

hy prc¥'i(川 eintho1's[16][18]. The haucl 3 is a1so si111ila1' iu the 1e¥-e1 pattern to the 

haucls. iu which the 1rhll/'2、ν97/'2configll1'ation is p1'oposed. A band sinli1a1' to th 

han<1 2 is 1叩 o1't代 1(叫yiu 1 '2{)La [1 G]. T1w fccdi略。ft hc baucl 2 iu 1'24 La see1ns to 

1){、日trouge1' thau iu 1'2()Lei. Th(' hauclu1(、l11h('rsa1'c iclcnti五円1up to the 1eye1s nea1' 

th(、hi広hc、川 1(、ve1of t.lH、πh 11/'2 ¥O 1ノグ7/'2baucl in 12f)La. Iu cont1'ast to this structllre・

t he haucl 2 iu 12.1 La is icl(、ntificclnp to u1n("h hi巴1lC'1'euc1".(ocs thau those of the 1れ -e1s

iu t h(' bau<1 3. Scvc1'a1 iut(，1'hancl t1'anぉitions a1'c OhSC'lγ代 1heh¥"ecn 1ow-l¥-inQ: stat 

。fth(、l>aucl2 a.ucl 3 iu hoth of 1 '2'ILa aucl 12(-)La. 

Iu onl(、1・tocsti1na.tc thc nuut.ipo1a1'ities of thc ahove h・ansitious、weusecl t h 

iutcusity 1'atio of I(370)/I(790 
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a. cC'rta.iuγ1・ayう fo1'iustaucC'， wa汚 obtainC'clby SU111nling gaれて1spectra for a.ll other 

clC't(、cto1's. This pl・oc(、clu1'C' ("o1'n、日pondsto thE' iutC'g1'ation of angula1' correlation 

flluctiou fOl・OUCγ 1'ay1n a.γ-γca日'aclοovc1'the whole solicl angle. Thus it gives an 

<-1PP1・oxI1natc <-1ngulal・clist1'ibutiouin large cletccto1' arrays. 

ThcOl付icalvalues of 1(370)/1(790
) a1ο1 

ce1scad(、t1'a11sit.ions.aucl 0.8 fo1'刈1'C'tchec!ムI二 1t1'ansitions with a11 assumption of 

ぐりulpl(、れ、 êlli~nnl('}lt iu thC' initial st.ate. These values depencl ou initial spins. The 

(、ffcd011 th(、1・atio.ho¥¥でγ('1'.日 sl11alla t high spin汚.

Thc バ P(、11山、uta11'atios of 1(370)/1(790
) a1οgiyen in Tab1e 1. 2 and 3 as 

aU~1l1a 1' clist1'iblltion 1'at.ios. 1n spite of引'¥で1・alaSSlllllptio11S. the cascade transition 

ill t he hancl日 1allcl 3 cou1d bc assigu('cl a尽くlipo1ct1'ansitions. Sinli1arly. crossover 

t 1' all~iti()us iu the hancls 1 aucl 3‘and t 1'ausi t ious in the nancl 2. ¥¥・ouldbe quadrupo1e 

trれ山itio山 Thc 1'atios of 1(370)/1(790
) f，ω68.8.. 122.1. 132.7 keY transitions in the 

hancl 1 indic(l tC' siza b1c lnixtll1'e of E2 cOlllponent in t hese cascade transi tions. The 

日ndcl('ncl(て1刊 1S('i11 thC' int ('usi tv fr・01n422.5 to 297.4 keV t1'ansition in the band 2 

sllgge只tsthat the 382.1 k(べ-1刊で1lllIght he thc band heacl. 

Th(、h1'allching1'atios of clipo1C' to qnadrllPo1e t1'ansitiollS fo1' se¥-e1'al lo¥Yer 

日tat<明 int h<も baucl1 ancl 3 ¥¥や1・c dE'1'iyecl fr・0111tlu' spect1'a gated by theゥ1'ay

10catccl jll只tab(nで th(、stat(、f01・1・atiocstillla te. B1'anching 1'a tios ¥¥"e1'e deduced 

tωo B(υ.'¥Jハ1)ν/B(E2幻)1'a計ti川 1 凶凶1n喝gt仕h('、f長おωO叶〉辻llo¥¥"ill唱巴 1'e川'e叶p什latioα〉九n:

B(JJ1 : 1→I-1)JE5(E2) 
= 0.697 X ___.t 

B(E2:1→ 1-2) ..---..-1~~(JJ1) 
ム(JJ1) 
ム(E2). 

1n t h(' pn、日(，lltellla1ysis. i t was elおおnnlCclt ha t ム1= 1 t1'ansi tions ¥¥-e1'e pUl、edipole. 

Thc lTS111ts an、li汚れ'<1in Ta hle 1 allcl 3. 
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3.2 The nucleus 128La  

3.2.1 Low-lying states of 128La 

First ()f a11， th(' I 1・ay討。f128 La w('r('行('arch('clhy the /J ckcay of 128Ce. Fig. 4 shows 

ηtypic a1 Sill?;lcs日p(、ぐtnllnof photo1凶 . Stroug photo pοaks in thc spectru1n are La-X 

raγs e111<l I rays frOln 128B人 whichis th(' clallght(、rullclens of 128La. The 104， 147， 

G8 k(べ'今 raysar(' 1U COlUC・icl(，ll口、 withLa-X rays. La-X rays are e1nitted by e1ectron 

Ci:11汁11n'(E C) ()f t h(' pareut u11d('llS 128 (¥-> allcl iutοrual conversions of "...( decays in 

1:2ぷLa.

Fiι. 5 sho¥Ys t h(' clc、cayC111'¥'(盲目 。fLa-.A 1・aysaucl t¥Yo ウrays. The ha1f life of the 

La X 1' a~二 th(、104au<l G8 k(' Yゥ1・aysan、abnostiu agr('elllent each other ¥Yi thin the 

llll打、rtaillty of 0.1 ulIu. Th('ぞxpe1'iuwuta1 half life has been deternlIned to be 4.1 

土 0.3u1iu. T1H、(、n・01・illcllldcsthe statistical aud s~・stelnatic error. The勺 raysand 

th(、half1i台、 υf，j clecay chaills of ll('ighhoriug llnclei are kuo，yu: 12.5 Ce. 11 s; 126Ce‘50 

κ127C('. 32 s: 12 ~lC(\3 . 3 山II [28]. The 105 allcl G8 ke \-ワ1'a~・ S of 129La are known 

These C'll('rgi('s ar(' ，で1'ydose to the 104 auι1 G8 keYゥraysof 128La. Ho¥¥-eyer. the 

103 allcl G8 k(べ'ウ raysof 129La are iu COillCiclοnc(' ，yith each other. ¥Yhi1e the 104 

allcl G8 k(べ'ウ ray日 ar('not in coiuciclcuc(下 with each other. Otherゥrays0 bseryed 

o丘'1illCill the 28Si+IU:3Rh ar(' list('cl iu Tah1(' 4. 

ム l(マels(・h('uwぐりllst1・llcteclfr・OU1the γーゥ coincicleuce re1atiouships after th 

j <lece¥'・()f128(¥、isclisp1ay(そ illFig. G. Th(' cll('rgies alld rC'lati，-e iuteusities are 

日llUlllle1n以、clill Tλh1(' 5. Noヴ 1・aviu t his 1門下18ch('u1('. ho¥Ye¥'e1¥，¥・asobse1・1・edin 

the cxpc、rIlu('uthy thc、11>0+1 1 ，'iIll rcactio口、 whi('hll('¥-er p1'oclnces the 128Ce. Thi 

fact Ilnpli(、st ha t t h(、i1・e1yぉ illthis 1('¥ゃ1SCh('U1(' ar(' cUli t tぞdfr・OU1excited state~、

111 必 Lapop1l1atc、clthroll?;h tlH、dcl代 'ayof 1 28C('. Th(' spiu eiud pari ty conld uot 

b(、(lct('nnill(、clh(、calls('augn1ar co1'rcla tious of 'i 1・aysaucl 10g ft ya111CS ¥Ycrc uot 

UH、aSlll・代1. H(川町、別、1ヲ th(' spiu討 ar(' C'xp代.t('clto hぐ 1o¥Y fnnll the se1edion 1・ulcof th 

，j <l('cay fnnn the (，v('u-('vcu und(、n月 1・28C('.Th11抗日piusaucl pari ties ¥¥・oulclbe 1+ 01・

0+ in Ulost of thc、のccitccl stat('ぉiuFig. G. 
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A lH、w白nclingis仙沼.rlyohsf>1'vccl in thc 284 kf' Vγray (sce Fig. 4). This is 

theγ 1'ay of 2; to thc 0+ g1'Ol山!日tat('of 128Ba. This suggests st1'ongly that the 

spin e1.ncl pari ty of th('広1'01山 1statc of 1'28La nlIght he 1 + 01' 2+， instead of the (5-) 

assl広川以、nthy prcマionsantho1's [31]. A ca1'('fnl inspection of the decay cnrves of 

r 1・ayssnppo1't日 thiseinticipation. 1n Fig. 7ぅ cl('cay C111'V(，S a1'e clisplayecl forγ 1'ays 

fnnll J'
28Ba n1('a日111'(て1wit.h the 28Si+103Rh 1'('action. Both of the nuclei 128La and 

1'28(¥、(11'('p1'o山 cedin this 1'C'action. ThC' half li会 of284 ke ¥.γrays from the 2; to 

0+広ron11clれ t('is slH山、rt hall t 1川 pof479keV(4;→2:)ancl 643 keY (6:→4:) 

rays. Dllrin広 thisa11e'11ysis. it tl11・neclout that the relati，下 inten日ityof the 284 

kcべ.tre1llぉitioll 日 la1'広(、rthan thosC' of 479 ancl 643 ke¥. t1'ansitions by about 40 

{χThis additiollal illtC'llsity coulcl bC' asc1'ibC'cl to the side feecling fronl a lo¥v-spin 

m 山

in 12が〉バ'Baa川l日l'以'(、 f(、dby thc d dοca~・ of t h(' high-spi11 isonleric state in 128La as reported 

i11 1'cfc、1川.(' [31]. 111 1'eganl to th(' 2: state in 1加 Ba.hO¥H"yer. the follo¥¥'ing two 

rout<、sof clC'cay are possible(sf'(， also Fig. 23): 

1泌 La(highspi川ム128Ba(high spin)二→128Ba(ヰ)

a11d 

1 28C('( 0+)ム128La(1 + 01' 2+ )ム128Ba(2:) 

ThllS e111 analysi日hasb(中 11llle'lcle 011 th(' cl('cay ('UI・y('of thf' 284 kf' \. ゥ1'a)・ b~・ taking

i11tO acc()unt th(、 a ho¥'C' two 山 、ぐれγ 1・outC's， DC"noting tllC' nUlnbers of 1'adioactiye 

11ur!ei for hi広h-a山 llow-日pinison1('r of J 28 La ancl 1・28Ceby .Y(h.・~.).入~(lふ) a吋入b

t.hc、connti11g 1・atc ()f th{、284k(、vウ1'ay('a11 be expl・essf'dby 

d入 lλT( Iz吋) ， d~V (l パ)
一-

dt dt dt 
(3.1 ) 

Thc、同ぐol1cltc、1'1nぐれnhc writt('n as 

叩、)二 Nc;(O)[一言ァ人f寸土)+アJ11J汁え)] (3.2) 

hy solvi11民 th<ミ clccayrat(、代luation. HC"l・e.Thc sYlnbolsアA anc1 TB are the lnean 

lif('tinH's of 128C(' aucl 128La(l.s.)‘1'('Sp川 ivC'ly. vVith the 即刻1 lif，付inleofア1fOl 
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('28La(h.s.)， thc cq. (3.1) i日 cxprcsscclill thc fc品川i時 forn1;
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TIH' qnallti tics of入三(0)a以 1~VL( O ) are thc llU111bcrs of radioactivc 山 cleiof 128 Ce 

e111cl (:lKLa i11 t lH、high-spiuisolll<'ric・stateat thc tIlne t O. The ratio of these 

111U11h<、rsW<'1'(， ('sti111atccl fnn11 th(、I<中clillgilltellsi ty ratio. The mean lifetimes are 

k110W11 to h(、TL= 7.5 l11ill for thc、hig;h-日pilliso111er ill (:l8La fro1n the decay curves of 

G+→ 4+ G441αべelllcl4+→ 2+ 470 kcYウ raysill 128Ba. alld T A = 5.9 111ill for the 

日1・O1U1<1ト.;ta打、。fL :l8Cc fnn11 t hc })1・('S('llt¥vork. Thus ¥¥で callsearch for the unkno¥vn 

山首e111lif，け1111<'ア日 hy五tt i時 th('cl付 ay('1.U'¥'(' of tlげ 284ke¥-ゥrayto eq.( 3.3). 1n the 

pn、メcutCe1S(¥h¥・o111<'a11 lifeti11l<'S h引で approxi1na tf' l~・ぉa1ne ¥'alues: nan1ely ¥ve can 

pllt th(，l11 toァ T..¥ Tl・Itis easily seCll ill f'q.(3.3) that the slope of the decay 

ぐ1U"¥'(‘is11willly cletcnnill代 1hyァ.if a concli tiOll TB ~ァ is fulfilled. The experin1ental 

d代、elY(・1U・¥'(、おおhOWllill Fig;. 7 arοillclicati¥で forthis sitnatio11. The aboye analysi 

rcsul t ed ill t hc、halflifc of T 1/2 ::; 2 l11i11nte for tl1(、 low-spiniso1neric state of 12δLa. 

Thcrc is el立l11ilarcase of thc 1:24La [22] 

3.2.2 The half life of the d decay of l:28Ce 

Fr0111 t h(' eillalysis of t h<、cl(、("ay("nry('s ShOW11 ill Fig. 5."で rcporta new data of 

4.1土0.3l11i11 as t hc、halflifc of t hc、d+decav II"on1 thc .e:ron11d state i11 128Ce. 

3.2.3 Level scheme of l:28Ba 

Th(' l(、γcl 以・h('l11<、。f L:28Ba w川 rCCXe:i11lI11ccl h別代-1. Oll thc、 ペーゥ coincidellc 

llH、asnr<'l1l<'lltaft<、rt hc、/1clccav ()f t lw 128La. Prior to Olll・ ¥vork.the low-lying 

(、xciteclstat<、比 f(中 dillgintellsitics allcl a11 cncl pOi11t CIlC'rgy of 3 rays "でre1・eported

[30][31 ] 

hc、 n、日lllt.Sof 0111・11('¥¥， 11lcasnH'l1lC'lrt arc Sn1l1111arizecl i11 Ta blc 6 011 t he 

('11('1・g;H、札口、lativc i11tCll日iti円 。fr 1・a，ysa.llcl l11nltipolarities. Fig. shows a ncw 

Icvcl sch<、11H'()f L 28 B札 whichwa，日 C011日tr・uctedf1・01nthe coi11cielc11ce relation~ 

23 
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a.ncl intcnsity ba1a.ncc. The 1'elative intcIlsities ofγ 1'ays wer(' estIlnated from a 

日ing1(、S日p(、Ct1・nnl. Althonghγ 1'ays f1'01n nllclei other than 128Ba were ohserved in 

th(、日p代 'b・11111，the llllclells 128La is a clonlinant procluct in thp 160+11.51n reactionう

ancl thnけ ;h(、γ1・aysof 128Ba wcn' obscrv代 1with stronge1' illtensities than those of 

。t.h(、1・ll11c!ci.Highe1・('nc1'giesofγ1・ay円 fronlan eVE'n-(，v(，ll nucleus c01npared to odcl-

A.01・odd-oclclnllcki 111acl(' it ('asy to distillg11ish theγrays of 128Ba. The feecling 

illt<、llsiti<、日 t() thpほ cit ecl汚tat('sof 128Ba f1'o111 128La were estimated from the γray 

int {、llsities.T1H当 va111(，sof 10g ft ¥¥中1'ecva111atecl with the aid of these intensities and 

。.i ql州代1in 1'cf( 

日C!H、111('allcl10広ft¥'a111(，s a1'(， in goocl ag1'p('nlent \~:ith the pre¥'ious data by Zolnowski 

ancl S11p;iha1'a [31トバc('ptf01日刊で1'a1n('w spin assig111ne凶 sand small discrepancies 

lnワ1・ayοllcr広l('s¥¥'・ithin1 k('Y 

Tll<、広1・Olllldstate hanくL ballcl alld seye1'a1 llegati¥'e parity bands are 

est a b1ish(、cl011 t h(' exci t a tioll ellC1io('S‘日pinsancl pa1'ities by in-hea1n spectroscopies 

[3G] [37]. 1n Fig. 8. t h(' g1'<川1clstate bancl is obse1'yccl叩 tothe 6+ 1406.7 ke'i 

lれで1. Th(' lc¥でlsill q naぉi-ibancl a.1'(， 2+ 884.5. 3+ 1324.2. 4+ 1372.0. 5+ 1931.0 

and G+ 1939.0 ke"\~ 1('¥でls.The 2395.5.2412.4 ancl 2038.7 keY 1eye1s a1'e assigned a 

negati¥で pa1'ityle¥でlshy in-bea111叩 ect1'oscopy.The ene1'gies of 5-2038.7 and 3+ 

2038.3 1αべ~ 1c¥'("'ls can not he 1'eso1v('cl by thc ohselTation of a sing1esゥrayspect1'unl. 

Thc cliffc1・('n("('.ho¥¥中 vc1'.IS ('・1c、a1'1ysignificant in coincidence spect1'a and coincidenc 

1'clations. Th(、p1acC'nwntof t 11円 etwo 1('\で1~号 is reliab1e i11 thc 1c\~('1 schenle in Fig. 

Th<‘1'esn1 ts on eillgll1a1' co1'1'(， 1a tions a，1'e 制:follo¥Ys.

1)ぐれlih1'atiOll 1n Fi広 9(a)、then1刊日ll1'ccl1'ati(問。f

DCR = HT

(ウ1:0 0 、 200)/H~(284: 00.800) 

a1'<" p1州 ;(、(lfoIJiU32+竺主 0+間間以1('8. The 284 ke"¥ ~ 1・ayis e1ni ttecl in th 

2j→ oふIt1'a.llsi tion ¥¥仙 pn1'cE2山1'actωTheウ 479ancl 1088 ke"¥ ~ 

1'e¥ys a1'<、 knoW11to hc E2ヲ whi1c、t.hc600 a.11d 1040 k(' V i 1'ays a1'e known to be 
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M1 cl0111illa.1lt.. Thc cxp<、rIlllcnta.lDCR's a1'c ill agrcc111nu with ca1c1l1ated DCR's. 

γdb) ↓ 478 ，，-1.-
SIllli1a1' 1'es1l1ts a1'c obtaill代 1fo1' Jj一→ 4十一→ 2!cascac!cs. It is cOllsistent that the 

ι !J -g 

G441α、Vγ1・ayis E2， allcl that thc 5G1 allcl G00 kc Vγ 1'ays are M1 dOlllinant. With 

thc町、 calih1'atiOllSう thcassig1l111C凶日 ofM1/E2 was given to theγray of 1053 ke V( se 

Fip;. 0( (') alld (cl)). Allcl thc assig1l111C凶 ofム1=1t1'allsitioll (M1 or E1) were given 

to thcウ I町付。f103G elllcl 1070 1王子V(s付 Fig.9(1心))alld twoγ 1'ays of 1549 and 1754 

!日、¥.(町、〈、 Fip;.0( a). Thc assigll111cllt fo1' the 1ast twoγrays are 1ess certain due to 

la1・広('('xp<、1'IIll<'lltalC1'1・o1's.

2) 1700.3 1αべ.1c、yclSillCC' t hiぉ1(吋 c1clecays intり 4+1<寸。1ill the grollnd state band. th 

possi hl(、日pl11討れ1'<、 3.401・5hf1・01nallg1l1a1' 111ol11elltU1l1 cOl1servation. The assignment 

()f 1 汁 =5 土 is llnlikely fro111 th以r【'0叶山hs問se1白1

S叶tatれ{、引1討九. ¥Y( 、 (ぐ.λ川1日1110t cle付tC'白付1'lll1n守 the pa1 廿y of this 1eyel Il日nnlediate1yat this stage. 

Hcnn、n、1・.e1n o¥'crall consiぉtencyof the transition il1tensities connected to this 1eyel 

l('aclぉ toeln assi広n111Cl1t ()f 1π (3+) 01' (4+) (see cliscllssion只 onthe 2424.9 ke Y 
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3) 1832.0 k(べ.1cy<'1 This l<:，ycl clecays illto th(、4+ and 2+ 1eye1s in the ground state 

bancl. As日('('11in th(' l('yel SChC111οil1 Fur. 8、thet1'ansition enC1・giesare 1070 and 

1340 k( 

clesc ri l)('clれboy(、‘ thOllghth(' exp(，1'Illlent a1 11l1Cert ail1ties a1'e 1'a t her 1arge for 1549 

k(べ'ウ1'a~・. PO州 ih1c、Splll只 ofthis 1c、1で1a1'(' 3‘4. ancl 3n Il・0111the ang1l1ar n10nlent unl 

cOllplill広of.J:h: ancl 1、2.ancl 3h f1'o111 th(、ぐollplingto thc 2+ 1打 e1. Thus、thenlost 

IH'ohahle日pl111討 3h.allcl th(、pa1'ity¥¥・olllclbe positiyE' f1・on1intcn日itycOl1siderations・

4) 2424.0 k(ヘ.1eve1 Th<、 t1'ansitiollwith th(、el1(，1'gyof 1053 kc ¥. is c1'llcia1 to th 

cl(、tel'1nination of th(、Splllλ以 1pari ty of t his lc、円、1. ThC' cxpcrIlnel1ta1 data of the 

れng1l1arぐりrrde1tionin(licatc that this t.rallsitioll C01nposC's l11ixcd 111111tipolぞSof L = 1 

れncl2. 1n 01U・l1H司討lln'llH、nt、elL 1 transi tion ¥¥・ithパ111([ 11 l11ixhu'C' of L 2 can 

l10t b(、clisc1'ilninat('cl Il・0111a， pllre L 1 tral1sitiol1. bccallsc the ObSE'l・1・ationof 

COillCicl(、nc('yiclcls ar(' pc、rfonn('cla t only two a.ng1円 Howc¥でL t hc cXpCri111ellta1 

D CR ('(111 1)(' l'C'proc!uc('cl hy a， ca1c・1l1ationill¥'olvillgバignificallt1y1al'g(' 1nixhu・c.This 
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is illllstra.tC'cl in Fig. 1叩O.A 1a.r 広伊C1口111山11X刈tu旧11'C'0ぱ〉迂fE1 a.1日1(1M2 is n山i以o沈tP戸〉冗r刀叶01オbab1ei山nusua1 γ 

tra山 itio山 C<山℃α刊q叩lドllC'nt札lywοl 

P川 i孔b1いο吋叩〉山討 a川rC' 3‘4‘ a凶 51んz，fnnll tはhc、c<刈)l:i時 tot1日 4~ 1evel. The pari ty is 

positivc. Th(、a.ss1gnnH、ntぉof1π= 3+ ancl 1π= 4+ can he rejectecl， hecause possib1e 

transi t.iOll討 toth(‘2+ lcvds is llot ohsC'rvecl. F1・01nthese results. the assignment of 

Iπ= 5+ is e1hllo叶，Ulliqlldy givcll to this lcvcl. 

Th(、1H、伴u.i，で parity for th(、1832.9ke V leve1 is not cOIlsistent wi th the 

cxperIlllC'llt <11 intοnsit)・ of302 kcVγray. Thοtrallsition fr0111 5+ 2424，9 keV 1evel 

to tll<' 3-1832.0 k<"Y kve1111ust hc ~I2. Similarly. the n<"gati，-e parity of the 1799.3 

1αべ~ l(、vclis out siclc for the choicC'. The 4-assig1l111ent makes i t di伍cu1tto give 

sllfficIc、llti11tcllSity to tlw 1315 keY transition into 2+ 打 e1:the 3-assignment is 

llot c01upatihlc、withthe 626 keY transition fronl the 2424，9 keY 5+ leyel. 

Th(、おpinsand parities of othcr 1eve1s ¥yere tentatiye1)・ assie:neclfrolll the 

C0111C・id('11ccrclatiolls a11d illt<"nsity ba1ance. The 2201.0 ke¥-1利下1i 

a (-1+) or (3+) sta.tcヘSl山"this kvd d付 a31to2;2:.4;anζ14~ leyels. and since 

an)・decayto llcgati，で parity1門中1is not observed. Sinli1ar are:unle1lts ¥Yas made on 

thC' asメお幻i氾gnnH'川、'11川i

for tlH' 2877.1 kcY 1evel. 

Th('日nlall(、日t¥ra111C ()f 10g ft is 5.6 for the 5+ 2420.5 keY 1eyel. The 2877.1 

1αべ-(3 -or 6 +) 1(可中1has a log ft va1uc of 5.8. The 10g ft ya111C' of to the 2976.6 ke V 

(5+ 01・4+) l(、町、1is出、れ、1'111111代 1to b(、6.1.Th(、10gft ya1uC's of ot her st a tes are 1ager 

than 6.3. Th(、川、 CXP(、rIl11C'nta1 r('sllltぉ叶ronglySllgg<"St t ha t t heウ ra)・Sin the 1eye1 

SChC111(， i11 Fig・ 8れn、f(、cll>ythe 1) c!ccay of a high-spi11 iS0111er in 128La ¥Yith the spin 

a11cl pari ty of 1π= 5+. 

3.2.4 High spin states of 1:28La 

Figs. 11 to 13 日howtypica1ゥ rayspect.ra oDscn-ed in thc coincidenc 

llH、aS1U'C'lllCIU，Sof I :28La. Th(' lc、vclsch(、n1('shown in Fie:. 14 wa.s est a b1ished fronl 

tl日、，-γ れ )i11Ciclcnccrcla.tio11日hipsa.nd intcnsi ty ba1anぐ〈¥Thcscballd structUrE-'S are 
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111 g∞d agr(，(，l11ent with thmw report hy Goclfrcy allcl Nolan et al. [17][18]， cxcept 

for th(、low('rpa.rt of th(' ba.ncls. 

Th<、日pC'ctragatccl by GGう 85，104‘138 kοVγrays con五r口ITIthe level s坑tructures

i山1日1th以lC'、 he川tれ1凶 1 ( 只附('('Fi区 11 孔氾1凶 12). The汚附や γ rayf汚'Ihavc 日叫山trongir凶lt.ensities and b刊刈守礼仕lc仁on

tωo れれ，(山l(、(仁‘百a川v(ぐ'eλ1ト討.;cadc.1n th(、日p 代 .traobtaill 代 1 hy placillg gates on the 104 and 138 ke V 

ウrays.two wωk photo l)f'alωar(' clea1・lyobscrvecl at energies of 114 and 48 ke V in 

sl山，('()f a slllelll111unb('1' of counts. Th('汚pcctr・U111gated by the 66 ke Y "'j ray gives a 

¥y(，e1k p<、akat 48 1αべ.as w('11 as at 85 ke¥¥hut not at 114 keY(see Fig. 15). On the 

() t lH、l'hmHしll('it h(，l・the48 k(' ¥. !Jeak nor t h(' 114 kf' Y peak appear in the spectrulll 

p;atcd 1η. th<、85k(べ'ゥ1'ay.Thus th(' 114 ke¥.ゥ rayshould bοplaced in parallel to 

th(、GGk<べ'ウ 1・ely，ancl t h(下48ancl 85 k(' ¥. r rays shoulcl be placed under the 66 ke ¥; 

ray in Pel1'allel. 1n this COll叶rllctiollof the leyel SCh(，l11(，. a勺 rayis assumed. 1t is the 

37 k<、V ゥ1'e1}二 and¥¥・asnot ¥'cl'ified clirectlJ・inthe coincidence spectra. The energie 

of La-X r川・ are33 and 37 ke Y. ancl this obscured the clirect yeri五cationof 37 ke Y 

transition. La-X 1'ay is in coinciclellcc ¥¥・ith1nauyヴ 1・aysin the band nlelllbers of 

128La. :¥('¥で1・th<'1e日S‘efFortsto csti111a te tlH' intell日ityof this t1'ansition clid llot yield 

allY relia h1<‘1'esult. Anothe1・I 1'ay of 1G8 kcべ.in ene1'gy could not he cOlllbined in 

thC' p1・('sellt.1t is in coinc・idc、ncf'ollly wi t h 85 kc ¥ .ウ 1・ay.A t1'ansi tion between a ye1'y 

sl11all gap ()f 5 kc、¥，.in t h(' hand 2 is l11issi11ιalld thus the p1ace1nent is tentatiye. 

inc(' 110 ot h(，lウ1'aywas 0 ])S('l・¥'eclin p1・()111pt coincic1cnct'. ¥Ye ha¥"e asslulled tha t 

thr lO'UJe.'d l(，'lJrl 01 th行 bαnd1 1:'" th c hi.r;hィpi7l，iJ407YJ，行r01 I汀=5+ 

11<、 10¥¥・<'11('1・広ypa1't ()f t 11(' hancl 1 of 1'28La obtainec1 f1'o111 the p1'csent study 

lS con1pa}'(、cl¥¥・ith 1<、v<'1SCh(，l11(，S 1・('po1't(て1by prc'yious alltho1's in Fig. 16. The 1cye1 

schenH' (a.) gi¥"<'ll hy No1an d al. inducl円 ac8scac!c、ofth(' 138. 104 and 8-1 ke Y 

1・ays.Th<、GG 1αべr1・ayis not o])s(，1'¥，('c1. GOClf1・勺"ptα'.l. 1'cp01・tedth(' 138. 104 and 

GG kc、Yゥ1'aysin th(' l('v<'1 SCh(，l11C (h). Th(、Y111('凶 1011代 1that thC' 85 ke Yゥ l'aycou1d 

not h(、。1)メ(、1・1でcl.111 OUl'叫lldv、the
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snn1n1a.1'izccl in Ta.bl(、8. Thc C1'1'or inclncles statistical error and uncertainty of 

(、伍(・1('Uぐycaliln・a.tiOllf(丸山、k、ctOl・s.Th(、65aud 6G ke Vγrays could uot be resolved 

日othat th(、iut('usiti(、日 "¥VC'H'cstI111atecl Il・0111iutellsi ty ratios of gated spectra. The 

co1'1'('ctiou fo1' inte1'ual ('ollve1'sion co(ヨ伍ciellt日 was perfonlled by using theoretical 

〈・O(‘伍(・}(、1山.

1ll 01・d(、1・tocleten11iu(、then111lti p olari t i('s ofγ 1'ays. DCO ratios are estimated 

fnnu tlH、，-， coiucicleuc(' l11el t1'ix. Thcr<' a.1'e two D CO ratios of 

R. ~ .) = TV(117
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(日中 App<、lldixA). The DCO 1'atio of R1 is 11101'(' sensitれで tothe 111ultipolarit:・than

R:u. 'C ufo1't 1l1la te ly. howれで1¥the a t teuna t ion ()f 10¥¥・ene1'g:・photonsto 00 detector 

111 0111 ぐl'}・ ~tal ball wa只highdne to the abso1'ption in a bea111 stopper. Although the 

sellsi ti "¥'i ty for t h<、clden11inatiouof nl111tipolarities is 110t so high. there is a n1erit 

ill the ratio R3.'2 that the 1111凶 )c1'of ('()lllbina ti011S of clet ectors a1ぞ larger(20 sets) 

than that for Rl (5 sets). Th(、conlltingstatistics is la1'ge ill R3.2・111t he analysis of 

DCO 1'atios. R:3.'2 wa討 evah1euedfnHn the coinciclencc clata taken ¥Yith五γecletecto1' 

at (¥ b川、k¥Yanlallg1c of s= 1170
• It只 assn111ecltha tム1 1 t ra11si tiolls a1'e pur 

clipol(、trm凶 itiOll只ei.1Hlム1= :2 t1'a11sitions are of qna(.lrupole. Theoreticalγalues a1'e 

R;u = 0.03 fo1' stretch(、clム1= 2 t1'ansi ti01問、 andR3.2
二 1.06for st1'etchedム1=1

trallsltlo11メ.

Th(、(、xp<、1・I111elltalDCO ratios fo1' thc bancl 1 allcl 2 ill 128La a1'e gi...-en ill Tabl 

Fi広. 17 shows th(、(、XP(、1・illlClltalDCO 1'atios R3，2' T¥Yo gl・oupsof c1ipole and 

qlla(lrnpol<、tra11汚iti011sa1'(、 scpanuccl(・l(、れ1・ly.Tlw dct，c、nllinatiollis l11uch 1・eliable

fo1' dipol(、h・a11sitious thau (111川 h・npolc、h・ausitious.This is clne to thc、fadthat the 

iut ('usi tic、日 ofclipole hausitious 3.1'(' highc1' thau thosc in qnaclrnpole trausitiolls. The 

assl広UU1<、11t ofム1= :2 fo1' t h(、85aucl 114 kc ¥-ゥ1'aysan、円、r:・ cousist('uti11 0111・u('"¥y

lcv<'l sc h <'1 11(' . 
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 4.1 The band structure of 124La 

III t h(' p1'('S('llt cxpc1'inwnt‘ t 11(' a h円。1nteya1nes of ('xcit ation energies. spins and 

pa1'i t ics of ('(lch 1cyd a1'(， llot cktel'll1illC、c1. X門 下rthe1css.a brief discussion can be 

111a<1c Oll t h(、日h・nctn1'f'()f thc hancl討 111ぐりnlpa1'isonwith experinlenta1 data on heayier 

La isotop(、S.III thc followillg ana1ysis. Wf' assluncd that the band 1 and 3 consisted 

of E2 r(¥scacl(、メ ronnect ccl b，・ ~I1 t1'ansitions. ancl that the hand nlenlbers in the 

hancl :2 "・('1'('れH111Cdf'clhy E2 h・a日付itions. 

The C'xpc、1・iU1cnta11'onthians f01・thehancl 1 indicate an appreciab1e signature 

sp1i t ting as 只hown in Fig. 18. Two 1'onthia1口1Sc1'os 汚 each othe代吋1工. a抗tnl.ωιυrv 0.1 

a川1日11μ川cl1んl凶ω-'rv OA4 I¥I( 

Thμl以(、 1・ei11H、Sof (' in thc hancl :2 a1'(， dosc to those of thc bancl 3 at 10w rotationa1 

frc<!nellci<、人 ancl t h(，l1 g1'aclnally ぐり111('clOW11 t 0 t hc γalnf's of thf' band 1 at hurher 

f1'('qn('nci( 、s. Thc 、C'xp C1'illl<'llt a1 ali 巴lll1H 、nt of t hc ha11川d1 i11C口口1'f'伺asf'何sshaむ1'p1yat元ω rv 0.5 

h日I(

Thμi以(、 a札li広広11111以(、1日UO迂fthμL以('ha川U1川cl2 i山1口1cliClれ川1汁tれ(、日 1れ1でakillCぐTeas('~只号 at h.ωLυ、rv 0.4-1 a11d at nω rv 0.6 

I(、Y(日中 Fig.10) 

The lllldcllS 124La can hc app1'oxinlat('cl hy a 111ode1 in ，，"hich a 11cut1'on a11d 

e1 p1'otollぐollpleclto e:L11 C'VC'l1-('vC'n co1'(， of 1 :2:2Ba，・ 111t h(' 、g1'ou1日lc1-statebコa1日ldof 122Ba. 

れ 1a氾1広停{、 討勺叩lド〉山 a必li氾g山 1C11、立'11凶l

tれ川1凶tt1'i日hll↑" ('、刈'clt.o thC' 、 11.1υ1/2 1ド)1'ot.onhy h10cking a1'gnlll(，刊nt、beca ns(' t h(' spin aliglllllC'nt 
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。fth(' 11 1 1/'2 hancl ill 1幻 Baillr1'cascs sha1'l均 athω=  0.35 McV [35]. On the other 

hallcl、110sha1'p叶山 alig山 lf'lltis 0似

(ぐ.刀01dcl e'川1吐l只以ωobc、u日山1日l以cl(、1's叫汚刈t凶allclf:色1'()1nthc>ο， b1辻10似)(色七i山1日190迂fali氾gl11llC>門lltf，お'orthe 1ん7，1日1/ρ2pr口o山ton.Weak 

ali広1111H、llt.S(-叫んω r--.J 0.4 ancl 叫んω r--.J 0.6 Mf' V are duc> to the h] 1/2 lleutron. 

1・on1t h('出(、 fart凡 theclclay of thf' ali広llnlClltill the band 1 in 124La cou1d b 

illtcrpu、れて11>)' th(、h10ckingof aligllnH'llts ill both of h1l/2 protoll and hll/2 neutron. 

Thc、れでれkillcr<、as('ill ali広l1111elltof thc、halld3叫んω r--.J 0.4 ~I E' V nlIght be caused by 

th(、h11/2 llcut1'on as ronlpa1'ed to theνhU/2 band in 123La. The slow increasE'S in 

t h(' ali広llnl<'lltof t hc、halld2 con1cl be att1'ihutc>cl to the aligrllllE'11t of hll/2 neutron 

ill ("ol11pa1'iso11 with th守 πhl1/2p1・otOllbancl ill 12:3La. 

11<' ('xp(，1'inw11ta1 cla t a clcsc1'i bc>cl abo¥'f' call bc conlparcd to SOnlE' theoretica1 

alcn1at iOll:-'・ Figs.20 ancl 21 sho¥Y calcu1atcd qlla日ipa1'ticleE'llergies e' in the rotating 

f1'aIlle f01・p1'ot<nl日 and11cut1'OllS as a flll1rtiol1 of 1'otationa1 f1'E'quぞncyたωfor124La. 

Befo1'e t hi討ぐれlc1l1at iOl1. ¥¥で ha¥で psti111a t代 1defonnation pa1'a1neters 3 andヮbya 

ca1c1l1atioll of t1H' tota1 1'01川山11s111'face (TR S) [41]， ThE' paranletE'1'S are listed in 

Ta h1(' 4 fo1' se¥'E'1'a1ぐり11figu1'atiol1s.The ¥'alllcs of J = 0.27 anclゥ= 00 WE'1'E' adopted 

il1 the calcn1atioll of c'. 

111 Fi広 20‘the01'1九ta1 .， a'・01"1巴illat cd funll t1げ 1711/2[550]1/2 :¥"i1sson state i 

th(、1o¥Y('still ('ll('1'民y， Tll<、 Sl広llatlln、split ti11g bf'tWE'E'11 .. a" and .. b“ is ¥'e1'y 1a1'ge. The 

白1はぐ1'0山口氏。fth(、1111/'2 p1'otOll 0('C111日 at11ω=0.35 ~I E'\~(ab c1'ossing)， Likewise. 

the hll/'2 [523]7/2 Ni1sso11 sta川a川t廿c、h附山a針l~お thc、10¥汎)¥Y(

h¥γ. A a川1口11<1B ill Fi収広ι.21. Thc 日iglli:it n1'(， spli tting. ho¥¥で¥'e1'. is llot 1a1'ge. The 五1・st

cl・0日S111広isp1'e<1icれて1at 11ω= 0.44 1I(べ¥Thc、SC1'cslllts i1np1y that the π11 11/201ノh11/2

ba11cl hc、仁0111<、Sthc yl川 tbal1cしa11cla1'c con日istcntwi tl日、xpc1'Ilnen t a1 cla t a. Th us one 

('ou1<1 1'ee:lS011a h1y p1'opo町、 that t h(' con五広ll1'ationof tlH、band1 wou1d bcπhl1/2 0 

lノ h11/三 withpりおiti¥中 parity.

111 Fig. 21， thc日i巴nat1.U'(、split ti時 lS円、1'ysnlClll in a g7/:2[413]5/2 o1'bitaL ¥¥"hich 

1ua.k円 it. possi b1c、 toohscl'¥で hoth汚ignatUl'C pal・t.1l(、1・ Thcg7/2 ol'hita1 is 1・athc1'

is01atc<l funn othcl' o1'hita1町 a.nclthc [17/2 11CU tl・01lく10c8llot b10ck the aligll1l1cllt of 
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thc h11/'2 ucut1'ou. ThC'l"('fo1'(，， th(、7fhl1/2ωνfJ7 /2 COll五gurationwi th negati ve pari ty 

cou1<1 1)(、pl・oposcdfOl" the hand 3 in 124 La. 

Ou t.hc、con五gu1'atiouof t1H、bancl2， the following discussion cou1d be n1ade. 

i-¥..S S<でu1n J:i 19・ 19、aweak alignlllent occurs at hω'" 0.4 Me V followed by 

son1cw ha t st1'ong(、1・alignlllC'ntat hω'" 0.6 MC'V. The alignnlcllts in the 7fhll/2 band 

of 12JLa t ake p1acοat ahllost the Sa111<"' rotationa1 f1'equencies as 124La. 1n 123La. the 

ali広UllH、ut汚 eU'Ccon日i<1c1'('dto hc du(' to t1w fir・stand問 condh] 1/2 neutron crossings. 

inc(' th<、backh(、ndof th(当 hJ 1/2 p1'oton wou1d 1H" b1ocked. it is expected that th 

C011五P;lU'川 ion()f this baud wou1d 1)('πhl1/2 ，. ν'~;l /2・ Thcνメ1/2orbita1 (E and F) 

lics bけれで('11t h(' 1ノh11/2 (A allcl B) a11d 1ノgi/2(C and D) orbita1s. and its signature 

splittillp; is 1a1'広ea日日CC11i11 Fig. 21. Thc observatio11 of signature pa1'tner wou1d 

hc cliffic1l1t fo1' thc sakc、。fthis spli t ting. This is ('on日istent¥¥"ith experIlnenta1 facts 

that thC' ba11d 2 is a siug1c E2 cascades without thc obseryation of the signature 

part1H¥1': e¥llcl t ha t t hοalig1l111cnt beha¥"iol、 isana1ogous to 123La. "Ith regard to the 

intωhan<1 transitions hctwee11 the 1>an<1 2 ancl 3. thcy are obselTed between on1y a 

fc¥¥・10¥Yl~・i11g lcyds in J '24 La. whc1'eas t h(' interband transi tiollS in 126La take place 

u P t 0 highe1' 1c¥で1s.1n thc ncuh・onquasiparticlc diagranl in Fig. 21 for 124La. the 

mοrgy of川 1/2statc (E) is 111uch 10¥Y('1' tha11 that of gi/2 (C and D). 1n 126La. th 

f肘1'gy()f 11，"'11/2 (E) o1'bi tal is on1j・sligl川yhigher than the enc1'gy of dS/2 (C a凶 D)

o1'hita1 eU・ollnclhω'" 0.2 I¥Ic Y. TIH、lcマ(、1c1'ossillg hetw(、<:'nD allcl F in Fig. 22 bring 

a hOllt t lH、nlIxtu1'C'of thc wavc functiolls a t arou11<1 hω'" 0.3 ~I<:' ¥'". This ¥yould b 

a 1'CaS011 fOl" t h(、cli妊トH'1lC、(、 i11t h<、intC'l・balldt1'allsi tions of 124 La fl"Onl 126La. Th 

COll白巴ureltiOll of tlH、ha11cl2、thcreforιC0111d bcド1・oposedto bc πhl1/2こ;VS1/2・

111 t lH、('(11C111川ionof C'xpcrinwnta1 1'out hian汚 andalig11111ent s p10tt cd in Fig. 

18 aucl 19. t1H、日pinsof thc belncl n1('n1b町民a.n<111:-¥"a1u(' of thc band hcad lllUSt be 

input to t.hc prognull. "'"c可U三、山p代clth(' 、sa泊a山、山、'tl

We¥ 討 elPlド)li(、cl t，o 12却s叱州)，ν，]'2川」川8，13υ La.札λ，句. T1H 、C01口lf五igu1'atio1口1of the band 1 
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valllcs of 1π= 4+ allcl Jピ=4 wcrc t(、lltativelygiv(、IIto th(、hC'aclof the band 1. 1n 

the ha.lld 2、Iπ=3-allcl I{ = 0 w円'C'as日llnlPQ.Thc ballQ 3 was assumpd to be built 

Oll th(、halldh<、adwith 1π= 2-ancl I{ = 2. 

HOW('VCl・、 it sho1l1d he llotpd that thc、討pil1 of thC' hallQ head would not be 

so sl1wll. Accorclillg to cxpcrIlllPntal stllQics on /J cl守cayof 124Laぅ thereare two 

d-l tnsta bl<、isol1l('rs. Thや汚pi11of thp high-~ヨpill isc)lTIcr is proposed to be 6. 7 or 8 

h [32] [30] [22]. Althollgh thC' clパailof trallsitions at low-lyi時 levelsinvolved two 

，J-llllぉta hl(、日ta tes i只 llnc(，1'taill. i t c01l1d llot be rでjectcd01lt that the bands are built 

011 a hip;hート"Pl11Isonwr. 

4.2 Low-Iying states in 12SLa  

Th(‘只pillassigl111W11t of high-spill stat円 。f12δLa has h何 11performed n1.ainly by 

t hc ，j d<‘cay of 128La a11d 1:28Cc. Fronl thc cxpf'rIlnental res1l1ts described in the 

p1'cc引、<lill広州、けion.it tll1'ned 01lt that 12δLa ha~号 two .-j unstablぞ ison1ericstates. The 

1l1ocle of clccay is illustratccl ill a汚Ilnpli五cclclccay schpn1e in Fig. 23. The 3 unstable 

gro川川1日1山 l討叶山ta凶ateof 12祁8九Lai日 a川汚お引叩1日1111日1日le代clto 1 

Cれo川1日L凶汚訂icle刊付、ヨ'r('代clt ha t thc1'e iお れ cl(、ca匂yγ to t hc 庄rOllnclsta tcο， of 128Ba fro1口111the d unstable 

広rOllllclst a tc、。fJ 28La hy . It is con日iclcr('clthat thc d unstable e:round state can 

d('cay to tlH、広r01111cl日tatcof 1:28Ba clirectly. How円 "er¥thc .-J ray and t he intensi ty 

by thi討 cl(、caypass ，vcrc llot 111ea日11r('(1.

H('(nγiOll rcaction討 pop1l1atc¥111g('llC、ra1， high Spill states. which decay into 

low-lyill広!寸れれ、日 int 11rn t h011gh yras t lill(¥If thcrc is a high-spi11 iS0111eric state in the 

ぐ011rs('of t h<、dccaycascacl(¥c011siclcra blc illt cl1si ty ofゥ1・ay汚 wouldbranch i11tO thiE 

i討0111('1". It is Pりお日ihl(、11l討Olll(、ぐas('sthat high spil1 st a tcs deぐayt 0 the ground st a te 

t hOllgh a hypass which clo not illdnclc、thchigh-spil1 i日0111('r.At五1・st."・elneasured 

t h(、rray討 ('nlItれて1fnnll low-lyill巴stat(、日 111おLab)・thcd ckcay of128Cf'. Secondlj二a

bypassi11広tr・Hl1メiti011wa日 scarchc、clthrongh t hc ill-bcan1 spectroscopj¥If a bypassing‘ 

tra11si t.iOll (、xists，γraysof low-lying statc日月honlcllw ObSCITCd in coincidcncc with 

the γ 1・aysof high-spill statο. HOWCVCl・ヲ snch a ウ1・ay"・asnot ob日el"':edi11 both in a 
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pn、V1011只1'('po1'taucl i11 0111・p1'CS(，l1tstndy. 

Th(' ll('Xt cxp(，1'iul('ut was the sea.rch for a. γt1'ausi tiou betweeu the high-spin 

iS011l('1' (1.11(1 thc low-lyiug sta.tcs iu 1:28La.. Wc have searched for γra.ys other than 

t.ll<問、 fr<HU1:28Ba with t.h(、halflifc of 5.2 11li11‘wh:ich is T1/2 of the high-spin isomcr. 

111C(' ¥¥中 havcal1'cacly got t(，l1 the cla ta ouγ 1'ays of low-lying states of 128Laぅ a

γ-r (・0111<・iC!e11C(， conld ('uhallc(' snc・hγ1・ays.This t1'ia.l did llot any positive result. 

althonp;h ¥w、eiueilyz代 1lifetIlllC=>s of pcaks with 1'elativ(、intensities a.s low a.s 0.5 O/C; of 

284 kcYゥ1れyof 1:28Ba. F1・0111tll(>sc=> 1'esults. it i日 cOlldndedthat the branching ratio 

ofゥrayclllIssion (not 11wall thοcl(、cayto thc=> g1'on11d state)is sn1aller than about 

11< of t h('ゴd(、cay

A，t p1・CSC11t、th('cxtr(，ll1<'ly weakゥ(，l1lIssiollfrcHn the high-spin isomer of 128La 

'eU1 1 日、 cli~cnss(て1 i11 th(' following l11anner. Th(' clccay to the g1'ound state are high1y 

rou，"crt('<1: 01・th('high-spi11 iS()lller is the gl・on11d:号tate.

Ifw(、assn11Wth(、Spillof 1 + fo1' the gronncl statc. and if th 

the high-~只叶4吐p1n 1 討以Ol1Hや、l' aucl the grou11 ιc.ls叶4吋tate is 100 lkc ¥ 

E4企 thc=>iロu山tれ('円吋主'1'1口'1日1a1ぐα∞OUy引{、r 臼幻山10nrれω0('伍〈山'1ポ1('円叩、'u口凶L此tiおsa計hontICC= 2 x 102: aud the partia1 half 

1if(、isaho11t 105 s. If wc 制 S11111れ how(干y(，1'. au E3 h・al1sitio11‘ICCis 30 a11d partial 

half lif(' is of t h(' 01'(1('1' of 1 s(>('oucl. Thcウ tra11sitio11betwee11 the iS0111er and the 

grollnd stat(' is still opcu. a11cl thns 111<'aS111・C111(，lltSof cOl1yersion electron are highly 

1・Cqllll・('<1to cl(、ten11ill(， th(' cl('cay SCh(，l11(' n101'(' 1・1901・ons1y.

ゐ ~s <1(、町1・i1)(、cl(、arli('r、itis assll11wcl that the hi亘hSpill statcs ahllost decay into 

th(' .1-1111sta1山、 high-討p1U 日olnο1・icstat(' with ! π 5  +. The sudden change of the 

illt(，l1Si ty of aム!= 2 trausi tio11 Sllgg('StS t ha t th(' spin allc.l pari ty of 7+ con1d b 

gl¥やut 0 t h(、halldll<、aclof th(、rrhll/之、 1ノh1] /'2 COU五gnratiOl1.

4.3 Isomeric states in 128La 

The iS()}ll(，1'i(・ト.;t，eit('s iu 1'28Laぐau1)(' cliscnssecl by a silllple p1'illciplc. Au odd-odd 

U11C kn討(・ousistsof a.u cve11-れで11co1'(， with !{ = 0町れ pl・otou<tncl a lleut1'Oll. 
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The clata of 11cighbol・1U広oclcl-Aunclci arc a.s fo11ows. The Ilndeus 1.31 Ba has 

au iSC)1UC1' of Iπ二 9/2-withνh]] /2 CO凶 guration:Iπof the grouucl state is kllOWll 

to h(、1/2+.Ncarly (1<下ll('1'atcd two stat何ぱ νち1/2allclνd3/2 are main component 

of the広1'0山 dはatc、 [25]. 1u 129Ba， a νg7/2 Iπ 7/2+ isomer and the I7Tπ二 1ν/2+

g1'O川川1日U山1

広1川凶叶山山，ぺ，elれ山l

tけh以1('、I π = 1/2+ g1'O川u山 l 討叶刈山ta川ate [ロ2お判3司][42討].The ν h 11/2 aucl ν g7/2 states are 80 ke V above 

th(、広1'011uclsta tc¥alld t h(判、 cxcitatiollf>u(，1'gi(、san' llearly eq ual. 

h(、Nilssuo1'hital只 a1'(， slight.ly cli任'cr('lltill odd-Z isotopes. 1n 129La and 131 La. 

aォ1111/2Iア = 11/2-iS01肘l'aud thc 吋 7/'2 Iアニ 3/2+ground state are kn(y¥¥'n. The 

hγo (υ川}凡1'1山

A1口11んI1ハ1/μ之 1'ot atiollal ha11d isお 1'eηpo1't ('代cl01日112灯iLa.Hc)¥'羽1下 γ e白町r仁7¥.an iS01l1er is not 

l'('勺叩巾p刊)(川〈

広alド)h( 、hれ1で('川、ヨuthcο:> h 11/'2 au(川dgi/2 只叫ta t e~日 l S S日5江111a11fo1' t he 干 syste引11laticsof the odd-A屯 La 

1 お日叩oto巾p何 • T1H 、π hl1/2 statc lllight bc the g1'oulld state. The feeding intensity is 

st1'Ollge1' ill t h('π1111/2 haud. 

1t メ "，('11k110wn fo1' thc 1・otatio11of ckfo1'nled 11uclei that the projection of 

all広u1<11'u10nH'uhull of a日illglcpa1'tide Oll th(' sy11l111et1'y axis C2 is responsible for 

t hc Spill of lluclci. If t hc、1¥:--¥'(:11ucof a llUcleOll (j.D) is large. this nucleon st1'ongly 

C01lpl(、clt 0 t 11('ぐOH'.Thc日pillof th(' g1'oullcl state is gi¥で11by I = D (}ピ =D).Onth

(・out1'a1')¥ifK -¥'i.:lluc、isslllalL t hc ullcko11 aliglls i ts a11gular 1110111entun1 to¥yard the 

axis of 1'ot a tiOll. Th<、討pillof t he gl・olluclst at (' would bc I = j. 111 fact. t he gl・ound

山 t<'s of oclcl-A L<1 is 山 )p('s havc I π = 11/2 with th(' π 111日1/μ'2(D=1/2) cωOα∞n 五E飢釦u凶 tiωOα11 l 

Thc、川 clト一A 仁c、ト{'lS符町叩州o刈to叩 cs h凶a川1

川 1υJ/ρ2 (n三7/2)cれω(り)凶広停炉1U'eu，i<り>11[件44叫][μ4必5司].Thc、Kい-ベ1刊 l附 臼 fo川l'0吋dd-べ(吋d山 cleia創1ぞ E凹1口ye1口1 

hv 

I{ = Inπ土nv ーム
唱
E

・E

・-
A
?
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.、E
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育、司、 I>IIピ (4.1 ) 
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Thc pa.ri ty 111llSt fu1fi1 th(、relatiou

7r ππX 7rv (4.2) 

Thc Ni1ss<川 orbi ta1日 rc川p什1<門も可va氾u凶1

fli/Anlノ =5/2) aucl d3/2(Dv = 1/2). For 127La、thoseare hJl/2(nπ= 1/2) ancl may 

h(' Yi /2 'which川 cldS/2 stat(、(Dπ=3/2) are dC'gC'uE'ratecl. The ∞叩liugof the proton 

ancl 11<、nt1・onぐり1uhiu(刊1to 128La are listecl ill Tab1e 10. 

'able 10. Proton-neutron configuration of 128La 

Coufiguration ]{"， Lower state 

π[550]1/2↑" 1ノ[411)1/2↓ 0- 1- 0-

π[550]1/2↑〆 Iノ[523]7/2↑ 3+4+ 4+ 

π[550]1/2↑ Iノ[402]3/2↑ 2- ~3- 3一

π[422]3/2↓ Iノ[411)1/2↓ 1+ 2+ 2+ 

π[422]3/2↓‘ν[523]7/2↑ 2-5-2-

π[422]3/2↓， ν[402]5/2↑ 1 + 4+ 1 + 

F1・OUlth<、}>1・('s<、ut('XIH、1'1U1<' 1日、 Iア oft he lO¥"-SpiU state is ¥'ery probab1e to be 

1 + 01・2+.Th(、high-spin iSOlller is assiguC'd t 0 b守 Iπ二 5+.Gallaer-::doscowsky ru1e 

日nggeststhe spin of thC' ground statC'. 

] = Dp + nn 

] = Inρ-Dnl 

if nρ=心土 laMQ71=九土l
l' l' 2 

i正fnn = .¥，い い〉ιパJ二二オ:士tγI  

( 4.3α) 

(4.3b) 

Th<‘πh L 1/2(xJ1ノd3/2 ぐoufiguration can p1・oducethC' 10¥" spin of 0-. HOWe¥-e1¥thi 

cou五巴nratiou is in 1H、広川1¥で parity e1nd t h(、πh11/2 01・hitgcncrates an alignecl angu1ar 

UIOUIC'1U UU1 wi t h 1argc spiu. 

If thc spiu of thc grouud sta.tc iぉ 1h‘a possib1e configuration for the g1・ound

叶れれ、 won1cl1)(、π(}7/2̂')νgi/2・ On1yt.hisぐonfi巳urationcan 111ake the 10w spin of 1 +. 

If th<、日pinof the g1・olluclstat<、 is2h. possibk configura.tions ，，'ollld be of 

πhl1/2い ν[}7/2anclπ.9 7/2ω Iノd~3/2 ・ T1w fonller configuration has thc negatiγe parity. 

If th(、広1・01111<1sta，tc is 2一、anE3 tr・ansitionbctwccn 2-and 5+ states shou1cl be 

。h川、1・v('(l.
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h(、hip;hspin isonl<、1・111ayhavc th('πhl J /2ωνhJ 1/2 configuration. The K-val11es 

。foth(、1・ぐonfi広111'ationおれ1'('too slnall. 

4.4 Systematics of signature inversion of odd-odd 

La isotopes 

Fii!:. 24 shows t h(' si民11ahll・F 叩 litti11gE(I) -E(I -1) of tlwπh 11 /2ピ)V hl1/2 bands 

of odd-odd La R11d Cs isotop(、s.Th(' data of 120，128，130La WC1'C taken fronl references 

[16][18]. The signatllr(' splitti略。f13υLa i日1'at h('1' 11l1if01'ffi wi t h i山 reaseof spins 

Th<、日plitti11gi11 12<ILa. 12!iLa and 128La a1'(， dοarly cliffcrcnt frOll1 130La. The splitting 

広rowsIIp fn)ll1 a 日111a11¥-alllC' at low spin:巴radlla11yclecreases ¥yith spin: and a 

cl・OSSl口氏。ぐれ11・sbけれでの1t¥¥・oSC'C!11('nc('s ll<-l¥-ing opposite signatures. This featu1 

I1nplies日i広llatlll"Cinycrsio11. Thc signatlln、111¥で1・sionin this sense is clearl:・obserγed

i11 J'21La・ Th(、メignat 111'(' spli t t i11g dcp C'nclぉ onthe nelltron 11l1111ber. The crossin日

poi11t of two si巴nat1l1・(、 partnCl"hCCOl1l('日 lowestin 124La. 

Th(、日l)1na日Sl広11l11Clltof t h(、128Lap(、1長)rllwclin the prcsent study has proyed 

that the日iE:nRt 11r(' inycrsion 0ぐCllrin t hc lo¥y日pinrcgion. The sign of the signature 

おp1it ti11g c!efinccl hy Et川

thc 1'otational ha11cl. Itおりppositc' to t hc、oth(>r odd-odcl La isotopes. Howeyer. 

th(、sa11H、t(，l1dencγas Cs isotopc、日 hasbccn fOllnd. Thc signature I1n-ersiol1 in 130La 

れllcl¥'2綜Csis not so c!('ar ei t pres(、nt.The non日alsigna t 11re clependel1ce is report ed 

in ¥:υL(1 [46]. It is a山 cipatc(l.tl川市re.t ll<U a c11'aI11a t iぐ changel1lIght appear at 

aro11llcl a nC'llt1'Ol1 11111111)('r of 73. 

111 Fi広 25、 th(、(、xpc、nllH、ntalぉi巴11atllrc 日plit ting is c0111parecl ¥¥・ithth 

calCl 

日i広11atllrC' spli t ting was opposi tc to th(、calc・111ation in all t 1日、 Laisotopcs so far. Fig. 

25 indica tcs t hel t t h(' cal(・111atio11is not in agrec111nlt with the prcsent data. a1though 

it wa刊行11ぐ("('ssfll1i11 the casぐりfCs i位。topcs.Sinれ> thc signahll'(' inye1・siondC'pencls 

on thc (、妊.('ctof shc 11 fi11ill乱 newcak111ations wou1d b(' ncぐcssarybyぞxtcnding the 
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1ll<)(!c-1日pacC'ont日iclethC' hll/2 ol'bital. 
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Chapter 5 

Conclusion 

111 on1('r tりはlldythe只ig11eU11re inv中山i011of odd-odd La isotopes. t¥yO experimenta1 

111¥でおtigatio11汚 ha¥で h('('n carricd Ollt. Thσ f白11's討tぐp悶当弐xpe円r口11日n1e刊叩n凶1叫t¥羽wasan in-beam 守 ray 

只叶叩})(

1>an<1 ト只叶4吋t1'llcけtll1'e苫只 f長o江l'light o<1d-oclcl La i~汚引4沃otopc何只. The second experin1ent was n1ade 

on t h(‘.J d(、caysof 128La and 128Ce fo1' the experin1ellta1 dctennination of spins of 

t h(' hi広h-spin1>an<1日 in118La. An in-hea1l1 spectroscopic stlldy ¥yas a1so perforn1ed 

to n'nlO¥で aclisc1'cpancy in p1・e¥Ti011Swo1'ks for the 10wer part of the 1rhll/2 :2νhll/2 

hancl in 118La. 

The conclu日ionsof thc first in¥"estiga tion a1'c as follo，，"s. 

1) Thnゃ balldsb・llCt1.11・('sha¥Ting 1'otatio11a1 charader ha¥"e heen obse1Ted. Th 

ahso11lte ¥Ta111('s of ('xcitatio11 ('11('1・gies of the 1c¥"e1s in thpse bands were not 

clctcn11i11<>cl l)('calls(、。fth(、1ackof kllow1('clg<> 011 10w-1:・ingstates and the g1'ound 

stat(' i11 12IL8. The吋)i11Sof t h円 οha11clnlClllbers was a1so not dぞten11inedin an 

('xpc1'Illlcnt a1 1l1i1111H'1' f1'0111 t hC'日a111('1'ca日011a只 f01・(，11C'1'g¥".

2) 111 ぐり111pa1'iso11 wi th οxpC'1'Illlc11t a1 cla ta 011 h('ayic、1・ ocld-odd La isotop 

a11cl lleighho1'i11g oclcl-~'-l 1111cl C' i~ a qllali t a tiγ<> c1isCllssio11 has been nlade on th 

XP(、1'Illlcnta1 1・o11thia1日 allcl alig11111(，llts of UlC'se ha11c1S. As a 1・ぞ8u1t. dOlllinan t 

confi広ll1'atiOllS of t1H、 va1<'nc('p1'otoll allcl th(' llPlltr011 can bC' p1'opo問 d to b 

1rh，，/'2 C.'l 1ノh1 1/1 i11 thC' ha11cl 1、πh 11/1 ∞ 1ノバ1/'2in the bancl :2 and πhl1/2 0 νdS/2 

ill tl日、 bれlld3. T1lC'se C011五gll1'a.tio11Sa1'C' 1'C'a円Ol1ah1y consiste11t with quasipa1'ticl 

(，lH'1'g)(、Sill th(、1・otati11広f1'a.111Cca.kuhi tpcl by thc cl'a.nkillg she11 l11odel. 
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3) A 日iglla.b11'(' spli t tillg hu・g(、rthall those of heavier La isotopes was ohserved in 

thcπh 11/立的 νh1 L/'2 ha.ucl. ThC' sigll of日igllatl山叩litti時 E(I)-E(I -1) cha時 es

clcarly at. 1'otatiollal f1'C(l1lCllCy a.1'Ol1llcl hω r-v 0.45 Me V. This freql1ellcy is lowc1' than 

tha t ill h(、aVl(、1・isotop(、札 Thl1sパhc、討igllatl11'οillve1'siollOCC111'S in theπh11/2 0νん11/2

he111cl ill 121 La・ Si11CCt h(' Spill i討 110tcl('tC'nni11edぅ ho¥vever.it is still opC'n q11estion 

，¥・hdh('1' thc、111'でrsiontakes place at low Spill 1'f>gi011 01' it is nlallifested in high spin 

、，A、aa曲、.，，，、
'
E
A
 

σ
h
 

、，.、
'
i
 

Th(、c011cl11SiollSof t hc‘secolld illyestigation a1'e as follows・

A) TIH、hれlflife of the a+ clecay of 1 '28Ce has been d刊行1nined¥¥廿hhighe1' acc11racy 

t h(¥n th(、p1'("'1011日 γalllc.It is 4.1土0.3l11ill. 

B) It has 1)(，(，1l f01111cl that the1'c a1'e twoヅ111lstahlC'states ill 128La. The half life of 

3.2土0.3lllIll is ill goocl agrcC111C'l1t with the yalne reportccl by p1'e，・iousautho1's. An 

11PP(、1・li111it of t he half life of llCW l~・ fOll l1 cl statc is 2 1nin. A probable spin would be 

1 + 01・2+fn>ll1 the fad that this l1C¥V statc i円 populatecl'viαd clecay of the 0+ g1'ound 

statc il1 1'2
8Cc. Thc extre111clγ れでakillt(，llSi ty ofゥ1'ays wi t h t he half life of 5.2 111in 

sl1g広C'ststhatゥtrallsi tiOllS hけれでel1 two iso1nC'ric statcs 111ight be highly cOllyerted 

<111(' to t h(、high111111tipola1'ity allcl sl11all t1'allsitioll clle1'gies. The1'e 1night be son1 

hillcl1'al1cc cal1s('cl hy lll1clca1' strnctn1'e. 

C) Th<、low-l)・illgstatc、。f1'28Be1 lut¥-(、 h(でII H'-C'xa111illcd by the J deca，- of 12δLa. 

)，Ie(l日l11TllH'lltsof elngnlれl' C01Te!e1 tiOll 1'('sl1ltcd ill a llew Spill assign1nent of 2424.9 

hべ-l(、yclto h<、5+.illst('(icl of th(、}>1門 ionsassigll1ne11t of (4-). The ，-alne of log ft 

fo1' t hi討 l(マペ l(、a.(ls toれ日p111(1S日ig11111Clltof 1π=  5+ fo1' thf> state with the half lifl 

of 5.2 l11ill・ TIH、}>ro t Oll-lH'11 t rOll ぐりII五gl11'atioll of the~w two d 1l1lSt a ble sta tcs ha，-

1)('('11 pro}>o州、clto h(、πh11/之 、')1/ h 1 1/'2 for the只ta.tc、of1π = 5+ al1cl T1/2二 5.2mill--

e111clπ97/2 . 1ノf!i/'2 01・πク7/2い 1Jds/'2fo1' tlH、statewith T1/2く 2l11ill・

D) TIH、討pillof th(、 hallcl1 wi th a p1'opo町、clcOllfig111'a.tioll of πh11/2 0νhll/2 

has 1)(，(，1l cl(、れ、nnillCcl. This Spill assigll111c11t ぐollfinlleclt hc OCC11n・ellceof the 

円igllabll・〈、 111¥'(、1'siOlla.t low SpillS ill 1:28 La. Th(' sign of t he siglla t 111'(' spli t tillgS ag1'c何

30 



-園自』

qlla.li ta.tivcly wi th ca.lc1l1a.tioll日 byparticlゃ rotorlnoclel illcluding a triaxial core and 

protOll-ll('utrOll Illt(，l・octiOll.A quallti tativc、agr代 n1f'llt，however， is inadequate. 
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Appendix A 

A.l Gamma-gamma directic:lnal correlation and 

DCO ratios 

III (、xp<、1'il11<'llts wi t h山、tecto1'a1'1'ays of thc、c1'ysta1-ba11 t:ypc. the measure1nents of 

日111色、1(、日 sp<、('t 1'a an~ il1 g<、11('1'<11cli伍Cllltpa1't 1y hecalllse thc data taking system cannot 

p1'o('('ss tn'11H'llClolls1y 1a1'ge 1111111bf'1' of COll11t日 al1dpa1't1}・hecaus守 thedetecto1's are 

p1aれて1ill fixccl al1g1cs. Th(' 11lUl1h円。fil1dC'pcndent det ectio11 all広1esis not so 1arge. 

II t h(、cont1'a1'}二 goocl11WaSll1'('111C1USof a11gn1a1' co1're1ation is feasib1e by ，'irtue 

。fth<、1a1'p;<、 11ll111he1'of dcteぐれ)1・s.ThllS. th(、a11疋111a1'1n0111el1t lUl1 of a certainぺ ray 

i只 cl(、作1'111111<、clhy DCO 1'atios ck1'i¥'eく1f1'o111 two clinlensiona1今ーゥcoincidence 1l1at1'ix. 

DCO is al1 ah1n判 riatiollof Di1'cctio11al Co1'1'<，lation f1'0111 Orie11ted nuclei. The theory 

。fa11gl山 1ω1'1'('latiOl1 i11ゥt1'ansitio11Si日 w('l1{'stahlished [47] 

Lけん.11 al1cl 12 h<当 thea11g1l1a1' 1110111c11ta ()f th1'ec states connected by cascade 

ワ1・λysof ウ.1 ancl 1三・ If t h(、i11i tial st a tc 1u is pl'epared hy a nuclear reaction. i t 

is ill gell(，1'a1 ali広l1C、clwith 1'cspect to its 11wgnet.ic sllhstat('s. This a1ign111e11t 

cha1'acte1'i以、clhy thc fo11owin広 01・iC11ta tio11 pれ1・a111C'te1':

芝(凶ん 一 I川JυllUωυ い 10川仇O川ω山|似h入ん川οo0山)
B払¥¥oCl〆(υI川ニゾ2Lλんいりけ)+ 1 . ~川y川'0= 一 l品0 ¥ σa~ ) 

η120(XI)(-3) 
(---1l.1 ) 

Hen¥th(' <111<1山tyσ 1'cp1'cs(

app1'OXi111e1tccl hy Gaussial1 dist1'iblltio11. The a.xis of qlla.ntiza.tion is taken to th 

1)('<1111 clin、(・tiol1. If 011C o1>s('1'v(' thc五1・stracliatiol1ウ1ill a cli1'ectio11 of po1a1' a11g1e~ 

(B1，<pd、allclth(' scc<山 11'aclia tion 12 in a din、CtiOll(eト伊d'with 1叫 )cctto the bCa111 
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din、ct.Iouぅ tlwp1・obabilityfor ohscrvation ofγ2 in coiuciclcuce wi thγ1 is expressed 

hy 

rID[dD'2 ~‘ 1 
Hl-y_-y( 8 

wlH、n、入(J、入)alldλarC' linlItcd to ouly (主vC'u111unbC'rs. This lIlnitation is derived from 

れuohl州、 elli広U1l1cut(P( 111) = P( -1川)ヲ parity aud augular lnOlne凶 umcouservation 

aud rota tiOllハ1illyariauc(' of ulldear HanlÍltouian 柑 TIH~ solid allg1es of detectors are 

writh、nhy dD) e1ucl dD'2. Thc、azIlllllthalauglc 'P is clefinccl to be y 二子2-<Pl・

Th(' panl111ctcrs 

raclia t iou、1・('spccti¥でly.

A.~I ¥0 (γl)=1|F;l入O(LL 1
1
1
0
) 

l十 6f (γt)l 

+261 (ウd円I¥O(L L + 1 1]ん)+ bi(ワ1)F).l入O(L+ 1 L + 1 11ん)]

(..11.3α) 

、，A
噌

E
A

n
d
 

A入1(ウ2)二 11FX1(LLLん)
1 + 61(-)'2) 

+2b'2(η)F，¥j (L L + 1 11ん)+ bi(ウ2)F¥I(L+1L+111ん)]

(A1.3b) 

1u t hcsc ほ prcss10瓜 FF川 lS gCUC'1 

call(、cle1ugular cli叶1・ibu tiOll COC伍CiC'1lts01・日i111pl}・ nanlC'das F -coef五cients. These 

cocも伍〈・H、ntsinclllclcs the ぐりupling of elngula1・nl0J:llCnta gi¥でub}・ Clebscll-Gordan・

Racah (・oeffi(・iC'ut日 ancl9) sY1nbols. Th(、qllelntit}・ois a 111ixing ratio. and defined a 

b 
...!.(πぺL+ 1) 

(π. L) 
(--11.4) 

Thc fillal tC1'ln H¥o¥l八(8)‘
8'2‘ ρ) ill代 1.(A1.2)is a f仏111山1町l

、，A、A'
i
 

rA 、，，
r
、
n
ι
Eムσh 

、i-『4
・・・
Aτ

、
守、、.J，.、

司
E
』

E
A

唱
E
E
』ム、BF，

 

•• 
、

ρ
4
E
A
 

、，a、、i
唱

E.，A
』

rt

引どり

乞(2-bull)|2
人+1 (人 -Iqll)!(入1- Iqll)! 

¥12入1+ 1 (λ+ Iqll)!(入1+ Iqll)! (-4.1.5 ) 
H¥o¥l八(8[.8トロ)

x(入()0人lj)I入1ljl )pAqll ( cos 81)けI(cos 8'2)ω(qlY) 

It sh01l1cl hc、山tedthat t.hc correla.t.Iou fllllctiolll (A1.2) satis五esthc synnl1ctry 

rdatic)l目、 llel111dy

vV(8)ヲ
θ2，<P)= lV(18()0 -8ト 1800

- 82・ザ)、 (--11.6) 
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W(81，82，cp) = VV(8)) 1800 

- 82ぅ<.p+ 1800
) = W( 1800 

- 81) 82ぅ伊
+1800

)ぅ (Al. 7) 

司

aEιr
E

、、
i'i
 a

 

nr

(8)、ん <.p)=Hl(8)、180
0

- 82ぅ180
0

- <.p) = W'(1800 
- 8ト 82・180

0
- <.p). (Al.8) 

TIH、n、latio11(Al.6) is ba日cc! 011 thC' fact that the excited states populated by 

山 cl('elr1川 ctio山 arc111 a s山ト1tatC'p叩川atioll()f F)( r，凡)= P( -m). unless cvaporated 

particl(、討 is0 hS(，l・¥'cclill a speci五('clirc、Cti011with respect to thc beanl. 1n other words 

t h('r(' iぉ110 (1iff('rCllCC i11 γ 1・れyyidcls OhSCI'¥'C'cl at the fon¥・arcland backward angles. 

TIH、1・elatIolls(Al.i) alld (Al.8) Ca11 b(、dC'ri，下df:rcH11 the following forn1ula: 

ωs(q)伊)= (-l)qj COSQ1(ザ+18(0
) = (-l)q] cosql(1800 

- y) (Al.9) 

司自.，‘，a
、
、『
A

'
E
A
 、.‘.，.、

lすj(ωs 8) = (-lFl PJ~l (ωs( 1800 
- 8)) (-4.l.10) 

Th(、actllal ，'a!tlC'S ofωn・elatiollfllllctioll (Al.2) call be calculated for ，"ariou 

cases by a COlllplltcr pl・ogra111"GCORREL・¥Forconlparison ¥¥・ith experin1ental 

data. careflll attf'lltiOll 11111St be pajでclto t he correction of solid angles. detection 

ο伍Clf'11CH、お。fdοtectors・a11dthC' calihnuio11 of orientation para111eters in eq(Al.2) 

011C 五11clい討 t吋h('、(山1(、t れ訂il臼 of t h('、SC' C01工口'!'C'(け?寸ti011ト日 i11the rぞce門nt，れ，yorkb γ Eks計trふ仇n1aJ且ldA. 

::¥ 01'(1h山 1[48] 

Th(、 <-111広lC'sof clけ{、ぐれH・討 i11 thc 1nulti detedor an・aj・ at t he 1" ni，'ersity of 

TSllkallha arc、lisれて1i11 t h(、Tahlc、Al.l.

y(cleg) 

l 116.6 O 
Table A1.1 Detector angles ln つ 116.6 i2 
the rnulti detector array at the 3 116.6 144 
niversity of Tsukuba 4 116.6 216 

υ F 116.6 

G 。

"¥Vith this eH1・<1j¥wccan c!(、clllCCthrc(' inc!cp(、ndclltC01・1・elatiollfllllction listccl ill th 

ta hl(、h山

which thc fu叶 radiatiollγ1T;Tl(1170 00
). The ratio of thcsc two correlation fUllction 
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、4・-歯固・h

is on(' of th(、DCOぅ andc an b ('ι1cζluced Il・0111the 2-fold coincidence matrix speci五ed

a只う1"ill th(、TableA1.2. 

Table Al.2 Correlation functions 
IV(81、8'2、 6t.p) cC)lllbi11a tion nurnber of combinations 

H
T

(1170.00‘一 1-6う 2-6、3-6 5 sets 

4-6. 5 -6 

1 -2う 2-3‘ 3-4

4-5. 5 -1 
1 -3. 2 -4. 3 -5 

4-1. 5-2 

ets 5 n ~ (1170. 1170、720)II 

5 sets H/(1170
‘
1170

‘
1440) II1 

displayed in As 3n (，xHlnplc、DCO1"3tios cl('白lHて1in thc following manner ar 

(A1.11) 

Tal)l(、A1.3.1n tl山 c31Cl山tion.thc E2/ ~I1 lnixing was ignored 

R.~? == ~F ( 117
0

. 117 0 . ムザ= 1440) 
3，2 = 1F (1170. 1170.ム子=720) 

Al.3 DCO ratios for two 
successive i rays in cascade without 
mlXlng 

10.11‘12 

。=i
-
1
i
 

?
一
1

1
i

一0

1
i

一ハ
U

Y
l
v

一τs
，

一一一R
 

Table 

R3‘2 

1.06 

0.96 

1.03 

1.10 

0.90 

0.95 

1.04 

0.99 

0.94 

1.07 

DCO ratio 

Rl 

1.00 

0.5 

0.90 

1.14 

0.35 

1.73 

1.00 

1.56 

1.99 

0.60 

。4
1

i

n
ノ
]

1
ょ

っ
L

n
，ム

1
i
q
4
1
i
η
ノ
}

L 

内

L
n
L
q
L
n
/
}
九

/
]
1
i
1
i
1ょ

1
i
1
1ム

12→ 10→ 

12→ 10→ 9 

12→ 10→ 9 

12→ 10→ 10 

12→ 10→ 10 

11→ 10→ 
11→ 10→ 9 

11→ 10→9 

11→ 10→ 10 

11→ 10→ 10 
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Appendix B 

B.l Signature and signature quantum number 

:¥11 0<1<1-A. 1l1lc!C、llSi11 a ll11ifonn 1'ota ti011 a1'ollllcl a fixpd axis is descri hed in terms 

。ft hC' folluwil以 Harni1t 01lia11: 

百十p
・

2
J

一
M

I
l
-
n
L
 

一一万 (A2.1) 

"・h(>1'(， 1 cle11ot(、sthe tota1 a11g1l1ar lnOlnenhllll. :¥1 clenotes n101nent . Hint stand 

fOl・11llcle011ic11lotio11 ，，"ith Spi11 jp withi11 the body fixed coo1'dinate s~・sten1 . Thi 

<1('日〈・1九)ti011is hased 011 thp aSS111nptio11 that a 11llcleon is coup1ed to a core with 

axially sYl1l1lld1'ic・qllach・llpo1c、cIPfonnatioll，allcl t hat the speed ()f 1'otation is slow 

conlpa1'cd to t ha t of t hC' 111lclC'0l1. ¥YC' fll1'the1' aSS1l1ne tha t the1'e is no coupling 

b守tw付 111'ot atiol1 al1cl othC'1' clee:1'C'e of f1'何clC)ll1. Then. the intrinsic structure giyen 

by Hl川、"七ichis thC' pa1'tic 1c dc官1

金I川 I二 争ム φI川

This state of 1'otatiol1 ca11 bc 1'cp1'C'scl1tecl by 

Wh(，1・pφ/¥'is t1H、il1t1'i11sic11lotio11 of a 11lldc、011in t1lC' boιly fixed coo1'dinate systell1 

ell1<1 0/1¥¥¥/ <1('日・1'ib(、日 thC'1・otatio11of thc 111lc!Cll日 asa whok il1 the 1abo1'atory f1'anle. 

Thc O1'icllt a t iOll of th(、11llc!C、11SlS sp付 i五α1by t h1'(，(， E1l1c、l'alle:1es. It is "・ellknown 

that n川 tiOl1 111eU1'iccs D，(/J¥' Ceil1 h(、附clfo1' t hc 1'ot a tional ，，"aye fUl1ction o川 I

日il1('ct!H、yれ1・C cigcl1flll1(， ti 011汚 ofthc total a.ng1l1ar lllOlllClltll111 1、itsp1'ojection J1 

al1cl th(、p1・OJ(、ctiOll ]0ピof1 to thc、SYl1l111ct1'yaxis of the dcfo1'n1ed co1'e. The wa，" 

flll1ctiOl1 (A2.2) is cxp1'essecl as 

'l' / /，' l' r ¥ I竺土iDI
]¥' j¥f - V す7r2 川 ピ ( A.2.3) 
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Thf' p1'oj(、ぐtiOllI{ is not on1y a consta11t of 1l1otio11 hllt the p1'o jcction of jp on the 

日y111111('t1'yaxis of thc C01'('. This Ilnpli(、日 thatthc va1nc of I{ i8 cletenninf'cl hy the 

int1'insic l11otio11. It sho1l1cl 1'f'nlai11 C011日ta11ti11 a sc1'ies of 1evels for a rotationa1 

haucl: th(、fU11ctio11争jィshon1dnot cha11gc a1日0・ Thisfeaturc i8 valicl on1y at 10w spin 

n'p;・i011.At hi~h('1' spill円、 thc COllpli11g of th(、sing1f'particle 1notion to the collective 

1'otatio11 th1'ollp;h Co1'ioli・sfo1'ce call 110t h(、1911()l刊1.a11d thus the cleyiation from the 

(1 bo¥中日Illlplcpictu1'e O('C'll1'S. 

If t h(、n、lSa句"nlnlC、t1')・ ofthe int1'i11sic Hれnu1toniallfo1' the rotation arollnd the 

axis p(，1'pc11dic1l1a1' to t h(、syl11nlf'tryaxis hy 1800 in acldition to the axia1 symmetrv. 

日(・ol1stnlilltis i11t1'odllccd illto thf' p1'op(>1'ty of the rotatiolla1 ha11cl. Let :;' be the 

axis of sylll1l1ct 1'y fOl・C!(、fOl'lnation. The 1'ot ation h}・1800 aroullclど lS，¥ァrittena 

7之J.:1 f'Xp -i" lrl

・ (A.2.4) 

Th(' op(，1'a tor 1之:， i日代1111，万lcntto thf' 1'ot a tiOll of t hf' n11山山 throt叫 the2π. and it 

【locs110t i11fhl<'llcC t h(> ¥vれで f11nctionof all (吋下11-刊でnn11clf'Us. On the cont1'ary. an 

{山

t h(主 corrcspolldillgtota1 wavc fUllction changcおおign.:¥ a1nely. i t is expressed as 

7之;.1= (_1)..1 (-4.2.5) 

ベO¥¥'.t h(、可l11nl(寸1")・ofthc intri1日l(・ Ha111iltolliallfo1' the 1'ot ation a1'ouncl the axi 

p(，1'p(、11dic1l1a1'tO thc synllllct1'y axis hy 1800 clf'nlel1lCls 

7之疋(.，.1 'Ri川 a1'olllllcl .r' axis. (--12.6) 

H('1'(， .冗(.1"/ e1lld冗i川11・('f('1' to rota，tioll只 acting01l i11trinsic and exte1'na1 ，"aria b1es. 
n宣伝p(、ctiych¥Ol1(、 。htaills、t h(、1'efOl・(¥

冗;J7之fJ.・1並l心 lこも川l (--12.7) 

If1之inlis app1i<、dto the int1'illsic wavc fll11ction、th(、河1u('of I{ chang('s sign to gi，" 

the fUlldio11φ7で.Thf' application of 1之rl'!01l the rota tiona1 ¥¥・ayf'functioll giyes 

7之川Dillィ=explπルDiIIィ=(一一1)l+KDL-I
イ (--12.8) 
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Iu o1'dοl' to s山

古川l二方(1+川イ炉/¥Dit/¥ 

Usiu広th('1'ela.tiou (A2.8)， 0肘 ohtaiusthc wave flluction 

12]十 1r 司 1=ゾ主力ニ lφ/¥"D~Iλ+ ( -1 )1+/¥片 Dんーパ (A2.9) 

ilSれ r011S(、(1'W11CC'of th(、111VanaUC(、ll11de1'thc rotation 1之ぅtwoi11trinsic states ofφ1，: 

a11cl <!>K wi t h eig(、u¥'alllcs].ピ a11d-]{ 1 1'C'sped i Vf' l:yヘ degeneratぞ・ If we adopt ]{ > O. 

。uly011(' sel・H、sof 1'ot atioual statf's appC'a1'日 with Spi118 ]: 

] = ]{.]{ + l. ]{ + 2. ].ピ-+-3.' (A2.19) 

ThC' phase fado1' in C'q(A2.9) 

σ=  ( -1 )/+1¥" (...12.11) 

i日1'ef(

chaugC's sigu withiu a haucl and 1'otational hands. in genf'1'al. can be classi五edinto 

two g1'ollps of states ¥vith spius ] = ]{.]，ピ+2.]{+4. ... and ] = ].ピ+l.]{ +3.]{ +5.・・・

with op1川 itc‘日ignat山， Fo1' thf' special rasC' of I\.~ = O. thC' fllnction D~II\" 1'ed山 e

8Ilnply sphC'1'ical hannonics. One ohtaIl凶 casilγ

7之口t} rL¥} = ( -1 ) 1} ~LH (A.2.12) 

The C'ippu¥'ah lC' of冗(1・1二 7之inl18 

'" = ( _1)1 ( ..12.13) 

Th(、1'ota tioual 1川口clwith I\.~ = 0 a1'(， thC'11 

] = 0.2う4ぅ・ ，. = +1 (..12.14α) 

可
E

・E

・‘，.、
、，
.晶

、ムハ
d

]=1ヲ3ヲ5、・ 7・二一1 (A.2.14b) 
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B(、llgtSSOlla.ud Fra11C'lldorf dc五llC'd九igllaturequant11m lllllnber" ill somewhat 

differcllt fonn [49]. By thcir dο白 川iOll，thc signature quantum llumberαis related 

to l' ill the fc)l・n10f

7-=PXI)-tπ (A2.15) 

¥Vi th this d(、fi11iti011 ， l' = +1 is cq11ivak11t toα= 10 a11d r・二 -1to α二 1.1t is easily 

日hOW11that 

1 = (¥' + 2n n=O、1.2、3・ . ( A2.16) 

This is valid fol' 1111(' lci wi t h (可で111l1aSS 1l111l1hC'1'. For odd-A lluclei. the relation 

2α = (_l)J-t (A2.17) 

11111st 1)(、11町 、d. Froln thC' clC'fillition (A2.15) ancl the relation giyen just aboye. one 

fil1cls that l'otatiollal staれもお inocld-A. l111clei can he classi五edinto t¥yO groups in the 

-v 

旬、-a
 

・7

、、可、W
円、・4

-aA 

・1
Av'
 

電、、、、‘，，e、
-
E
E
E
A
 

-
-
E
'
A
 

、.，，.、
内
み
E
A

1= ~.~.~ 13 -

2 2 2 2 
-一
2+
 

一一日 (A2.18) 

alld 

1 = ~. ~旦 15-

2 2 2 2 

1
i
-
n
/
}
 

一一α
 

γ=  +1 ( ...12.19) 

B.2 Signature splitting 

111 a pal'tick-n山 l山 ) 心1for axiall}・ SYll11山 tl'i仁川clei.the Hanultonian (A2.1) 

cxplici t ly ¥¥'1・it tCl1 ill th(、followillgfonn; 

H，川 =flLl(Lr-jJ+(ん-jy' )'21 + Hint. ti'zt h 21¥1 L'-" .I.1.!' '-.'1 JY!  J 

1 = 1¥1)"， 二 1¥ly'

This is t h(、11lOlllC'11tof ill(、rtiaaro11llcl .1"， alld 1)' axis. U Si11g thC' relatiolls 

.J .1" 土.Jy' 二 J土 ，d
 

A
7
'
 α

 

1J.'土 1.1/ = I土、

thc 1・otatiollalpart of th(、Hallliltolliallcall hc wri t ten as follows: 

H7'ol =土 (1'2-1;) -土(1+)_+ l_j+)十土(.J+.J-+ j・-j+)2 M ' -T J - ， --J T ! ' 41¥ 1 '.1 'i' J - I J -J 'i' J (.42.20) 
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Thc scconcl tC1'1n is 1・cfe1'1'cclto Co1'io1i沿 い1'1nヲ ancltl1(" thircl tf'nn is named as recoi1 

t.(、1'1U・ T1H、 Co1'io1i'stC1'111 inflncnce thc sing1c particlc motion of a nucleon. 1n 

pa1't.ic・nhu¥n11clconin a十 high-jo1'hita1 is st1'ong1y pertu1'bed by this tenn and thus 

t.h(、phCnOlllC'nOUof hack hcucl i日 C，-1.11日ecl.It is well known that diagona1 e1emeut for 

th(、C()1・jolt‘stc、1'1Uca1(・n1atccl wi th thc、wavef11nction (A2.9) is non zero on1y for 

Iピ=1/2. Th(' clle1'gy is gi ¥'eu by 

ElA=£lI(I+l)-f-(-1)I-1(I+j)(j+Dictuhl (A2.21 ) 

FU)111 t his ('xp1'cssion. oue ぐれUscc t ha t t h(' やu(，1'gyclepeuds on th phase factor 

(_1)1-.1. Siuc(' hoth of 1 elucl j a1'c half iutcge1' iu odd-~-i nnclei. the following 

日i巴URt 111'(' q nれUhUllUlllllh何日[is giyeu to t h('日tatcs¥yith spin 1 in accordance with 

(、q日 (A2.1S)alld (A2.19). llal11dJ¥ 

日I=;(-l)I-; (--12.22) 

Iu t h(、1・ota t iouハ1bancl haying an oclc.lnnclcoll iu a high-j int1'uder orbital as intrinsic 

ぐりn白gu1'atiou
‘

日t.atcs ¥¥・ith1 = j + ( ν(11 is 10WC1" ill E'llergy than the states with 

1 = j + odd. Th(' states with 1 = j + (1'(11 a1'(' called as "fa¥'o1'ed" and the stat 

¥¥・ith1 = j + odd a1'e 1'efc1'1'ec! to 
.. 
uUfa¥'ol・('(1" statcs. Thc co1'1'esponding signature 

q11RlltU1l1 lllllubel・sa1'(' 

fa ¥'01"('( 1 signa t 1U'(' ハj=;(-1)l-t (for high j 0山ita1) (_-12.23) 

、，.，‘r，、、E-晶、E
A

n
d
 

1111fayorc'd sig1Htt 111'(' +
 

1
i
 

f
1
k
 

l
一2一一r

J
 

r
t
 

(fo1' high j o1'bita1) (--12.24) 

T1H、討i広Uei.t111"(、 cl(、pcnclCllcein 1'ot a tiollei.1 cllcrgics E]J¥' sp1i ts thC' balld 1nelubers 

into two広1・Ol1pSacco1'clill広 tothc si広llat111'C'只ハfallcl (¥ f . ThC' di妊'c1'ellcesbehyE'cu 

EIJィ(fOUOl'c<1)a山 1E/lィ(unfO()Ol・(<1)is a uH'asurc' of 
.. 
siglla h附 sp1itti時 ¥and¥'a1'i(' 

wi th Spill日 orth(、iut1'illsiccOllfign1'a tiOll. 

Th(、。pc1'at.o1' of t 1H、l11agll(、ticclipok t.1'an日itiOllis 1'C'SC111b1e to the Co1'io1is 

1U仁川action、eillclth('n thc va1ncs of B(1¥I1) has a1so sigllah附 depC'ude1附 Acco1'dille: 
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to th(、c1'a.ukiug1110clc、1，thp 1'p1atioll is as follows; 

B(IvI1 : .fω01・d → Ullfau01・cd，ム1= -1) > B(Nl1 : v.nμυor'ed→ fαυ0問 d，ム1= -1) 

(A2.25) 

Thisト汽~ 1口'('叶('什、4七1aれ川1汁吋tiouis 討 f長0111山1日1cliu l11auy (σ'>xP(円3ヨ"1'll日l11P円uta討1clata 01口1oclcl-一A1口1ucleiat ahove t仕h児ef五lrs叫t 

ba川訂川(仁什-1;:山

討勺叩lド)(、(川-tnun.¥¥ト c01l1cl c!efiup thes 守 cha1'act ゃ1 ・s as normal 8ign α ture dependence. The 

1)1・OP(、1・ti('sof thp haucl日 付tllcliecliu thp p1・P刊行ltwo1'k vio1ate this ru1e. thus we have 

g;I"(、uto t h(，111 t h(、tc、l'lniuo10gyof s ignαi'u.r行 znη行アバzon.
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Tables 

Table 1. Excitatio11円以、1'gl('s.，-1'ay ('11<.'ム1・gl何 a11gl11al・distributio111'atios;γ-ray 

n、lat iy(、i11tCllSltics. h1'a町 hi時1'atiosallcl B(}'I1)/B(E2) ratios fo1' the band 1 of 

12-1 La. Thc l11l('C'1't ailltI('s ofゥ1'ay(，llC'1'gics a1'(， ill the 1'ange f1'olll 0.2 ke V for strong 

tl・れllsitiOllSto 1.2 k(べ-fOl・¥¥でakhigh-ell(，1'gy t1'ausitio11S. Doublets are rna1'ked by 

ast(、1・isks.

Ex 
(k( γ) 

EJ 
(k(1

r

) 

122.1 

101.0 

323.0 132.7 

253.0 

348. i 224.G 

337.G 

740.3 200.5 

425.3 

10G8.0 310.G 

320.4 

1343.0 273.7 

503.G 

1738.0 30G.2 

GGO.9 

2093.1 353. 

740.5 

2342.3 449.4 

03.3 

2085.4 892.3 

34G1.2 918.9 

3998 1013 

4472 

5095 

5550 

G235 

GG 

1011 

1097 

1078 

1140 

1138 

Allgnla1' Relati¥r(' B1'anching 

くlist1'ihutio111'atio int(，llsity ratio 

1.71(9) 

1.47(2) 

1.47(26) 

1.25(17) 

1.52( 5) 

0.92(14) 

1.52(5) 

0.93(14) 

1.48( 4) 

0.80(2) 

1.9G(G) 

0.84(2) 

1.70(4) 

0.7G(2) 

1.7G(G) 

0.78(4) 

1.80(5) 

0.79(4) 

1.80(7) 

1.49( G) 

1.98(13) 

* 

* 
2.07(35) 

1.61(14) 

* 
* 

35.2(4) 

100 

3.2(1) 

.9(10) 

17.2(5) 

G.3(10) 

19.5(G) 

60.1(8) 

54. 7( 10) 

43.0(9) 

29.3(9) 

21.8(G) 

57.7(1) 

24.7(8) 

23.2(9) 

7.2( 4) 

43.6(11) 

.4( 4) 

21.7(8) 

22.7(9) 

15.2(8) 

7.3(3) 

2.4(2) 

57 

95.3(11) 

4.7(3) 

3.6(7) 

1G.4(4) 

0.8(7) 

19.2( 4) 

50.0(8) 

50.0(9) 

60.2(11) 

39.8(10) 

27.4(9) 

72.6(17) 

39.7(22) 

60.3( 30) 

13.7(8) 

G.3(22) 

25.6(24) 

74.4(48) 

B(λ11)/ B(E2) 
(μ:/ε2 b2) 

1.98(14) 

1.64( 4) 

1.52(3) 

1.20(3) 

1.23( 4) 

0.94( 4) 

1.00(7) 

0.59(4) 

0.88( 10) 
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Table 2. Excita.tion C'ncrgi(、町 γ-1・ayenergies， allgular distri hu tion ratios and γ-ray 

rda.tiv(' illtC'll日itiesfor hand 2 of 124La. S(，C' also the captions of Tahle l. 

able 3. 

Ex 

(kcV) 

4.7 

382.7 

05.5 

1346.0 

1097.0 

2746. 

3584.3 

4408.7 

5474.2 

6535 

7676 

64 

10110 

E γ 

(kcV) 

84.7 

170.3 

207.4 

206.3 

40l.1 

422.5 

541.1 

650.6 

748.5 

37.1 

014.0 

075.2 

1062 

1141 

1100 

1246 

Allg111ar Relative 

distriblltioll ratio intellsity 

l.46(7) 28.8(2) 

l.07(17) 32.5(5) 

l.14(32) 6.7(3) 

0.02(16) 5.2(2 ) 

l.40(10) 9.7(3) 

l.55( 5) 23.6(5) 

l.65(6) 30.3( 5) 

l.71(5 ) 本

l.80(8) * 
l.73(11) 16.8(5) 

l.78(16) 1l.9(5) 

l.60(21) 4.8(4) 

l.52(32) 2.8( 5) 

Excitatioll f'llf'rgies. ゥーrayC'llE'rgles‘ allgnla1・ distribntionratios. ゥーray

r('lati¥"(' illtellsitics. hrallchillg ratios alld B(1¥11)jB(E2) ratios for band 3 of 124La. 

S('(' also the captiollS of Table l. 

Ex Ei Allgltlar 

(kt1') (k( V) dist ri hnt iOll ra t.io 

21l.0 126.9 l.45( 5) 

403.0 102.0 本

508...! 104.0 * 
6.4 l.40( 0) 

215.5 0.92(15) 

59.0 26l.5 0.80( 4) 

455.5 l.73(10) 

477.1 l.64(10) 

1120.0 268.7 0.07(5) 

53l.0 l.70(8) 

1452.8 324.6 * 
503.8 l.78(20) 

1780.6 326.5 * 
65l.6 * 

2153.1 373.0 * 
700.3 l.78(16) 

2520.0 748.4 * 
2033.1 780.0 l.55(20) 

RdatiyE' 

nlt E'llSl ty 

42.2(5) 

19.2(4) 

6.1(3) 

10.4(3) 

10.4(3) 

10.8(3) 

6.9(3) 

3.2(2) 

7.5(3) 

13.5( 4) 

8.5(4) 

6.2(3) 

9.2(5) 

F 
U 

Branching B(JI1)j B(E2) 

ratIo (メli/ε2b
2
) 

30.2( 13) 0.77(5) 

32.2(13) 

37.6(11) 

63.1(21) l.61(10) 

30.0(16) 

6.9(9) 

40.5(16) l.03(6) 

59.5(24 ) 



Table 4. The ellC'1'gic、民1'elativC' illtellsiti(、sallcl half-li ves of the γrays 0 bserved 

。妊二lillC、f01・tlH、:28Si+1り:3Rh1'(、actiOll.They a1・p dc凶sfiedacco1'ding to the half-lives. 

128Ba 

Eγ("'eV) 11ltCllsi ty E1'1'or T1/2(雪印) Ernn 

284.5 1042.0 51.0 3100 1 

440.6 44.22 2.6 388 50 

479.9 520.6 16.0 323 4 

488.5 88.58 3.6 321 21 

561.4 50.93 3.8 315 36 

601.3 129.0 4.7 345 17 

607.6 42.94 3.2 4:23 72 

609.9 81.33 3.8 380 36 

627.0 31.39 2.8 579 212 

633.6 56.00 2.9 340 33 

644.6 128.6 4.2 323 20 

659.4 49.19 3.3 3~34 47 

796.4 50.14 5.1 308 46 
O 戸).7 82.08 4.2 3~33 32 

916.4 22.09 3.4 273 81 

1037.0 34.36 3.3 2~r4 53 

1041.0 101.2 4.1 424 39 

1054.0 78.61 3.8 341 39 

1089.0 74.22 4.3 320 31 

1071.0 38.70 3.5 3G7 81 

1102.0 32.52 4.2 409 109 

1:28C 

Eγ("・c1
r

) 11ltc、llsity En・01' T1/2(吋ζc) E1'1'o1' 

273.8 251.3 12.0 -11125 6374 

128Xe 

Eγ(kc1T

) 11ltellsi ty En・01・ T1/2(8ec) E1'1'OI・

527.1 180.5 5.9 6567 370 

970.0 21.22 3.4 1731 1954 

1141.0 23.70 3.9 14:12 1830 

l'2iBa 

Eγ(kcV) 11ltC'llsi ty E1'1'01 Tl/2( En・01・

26.43 14.03 1.6 304 15 

56.41 50.11 4.7 319 10 
1:27CS 

Eγ(keV) 11lt.c、llsitv E1'1'o1・ Tl/2( E1・I・01'

115.3 52.56 4.1 838 G 

181.9 59.01 4.0 804 81 
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Table 4. contillllCcl. 

127Xe 

Eγ(んcV) Illtensiもy Errcn・ T1/2(.sec) Error 

125.0 11.94 1.3 116358 5707617 

412.3 203.9 8.3 22~~21 37532 

12.5CS 

E守(kcV) Int('nsi ty Error T1/2(.ser) ErrOl・

141.1 36.10 2.3 3~39 26 

210sec 

Eヴ(kcV) Int(，llsi ty Error T1/2(吋 c) Error 

324.4 25.32 2.6 210 28 

338.5 79.54 4.7 218 18 

240sec 

Eヴ(んパノ) Int('nsi tv Error T1/2(.<iec) Error 

23.55 34.01 3.6 244 

26.43 14.03 1.6 304 15 

33.47 1291.0 131 254 O 

37.88 297.1 29.0 246 1 

66.76 48.66 4.4 248 

68.27 65.88 3.8 253 6 

104.2 150.9 10.0 243 つ

121.0 18.72 1.6 23:4 つ

137.5 19.70 1.5 243 26 

176.9 67.13 4.0 240 20 

178.6 73.79 4.3 229 15 

219.7 124.9 6.9 237 

267.7 58.01 3.4 246 15 

121.7 5.2 257 16 

3.5 238 36 

280sec 

E-y(kcV) Int('nsitv Ernn Tl/2(δfC) Error 

25.34 1.1 276.845 24 

118.0 24.20 2.1 273 31 

134.5 76.29 4.8 27 

171.7 116.0 6.6 272 9 

579.1 44.56 3.6 280 53 

927.8 42.65 3.8 277 53 

1037.0 34.36 3.3 274 53 
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Table 4. coutiull(，cl. 

300sec 

Eγ(kcV) Iutf'usi ty El'nn T1 /2(.scc) Errol' 

22.35 20.73 3.2 311 12 

26.43 14.03 1.6 304 15 

56.41 50.11 4.7 319 10 

65.69 23.03 2.4 3，37 26 

77.34 42.00 3.5 312 10 

14l.1 36.10 2.3 339 26 

180.6 117.6 6.9 289 14 

19l.7 31.65 2.2 334 47 

221.8 49.57 3.1 313 26 
520.7 25.15 2.0 314 73 

543.5 41.64 3.6 3:23 60 
1107.0 18.34 3.6 299 56 

350sec 
E守(kf1r) Iuteusi tv Erl'Ol T1/2(句 c) Errol' 

79.64 38.74 3.2 349 17 

587.3 80.81 4.6 361 44 

7.6 38.33 3.8 3:30 61 

953.9 28.02 3.7 3Ei3 85 
1165.0 43.22 4.0 340 64 

390sec 

Eヴ(kcF) Iuteusi ty En・01・ TI/2(パ日) El'r01・

32.24 832.6 84.0 380 つ

36.46 103.9 19.0 399 4 

202.1 26.27 2.1 386 66 
340.9 33.18 10.0 388 50 
440.6 44.22 2.6 388 50 

567.0 58.41 4.1 401 67.020 

764.5 46.47 3.8 398 69 

400sec 
Eγ(k、(1/) Iut(、u日ity En・01・

15.06 23.71 3.2 

00.50 G l.0 533.987 131 

146.7 523.1 31.0 520 5 

168.8 21.07 1.6 446 76 

234.4 50.02 3.0 513 り7

27l.6 46.03 2.9 502 71 

316.6 41.00 2.0 413 63 

319.0 57.56 3.6 548 92 

330.8 17.26 2.5 467 162 

596.8 29.00 2.8 491 143 

940.1 18.02 3.5 472 140 

991.3 24.14 4.1 43，3 13'， 
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Table 4. cOlltillU(3d. 

600sec 

Eγ(h-C V) Intpllsi ty Error T'1/2(兇 c) Error 

31.00 522.0 53.0 743 7 

142.9 25.51 1.8 667 141 

354.3 11.17 2.5 6:37 112 

399.7 47.10 3.4 5D3 90 

454.7 52.16 2.8 6~37 112 

503.5 57.47 3.6 706 96 

571.0 34.22 3.6 678 227 

584.5 56.74 4.1 710 262 

627.1 48.84 5.0 579 212 

1084.0 70.75 20. 705 114 

114G.O 174.4 5.8 672 81 

800sec 

E~ ( h-C 1T) IlltC'IlSi ty Ernn・

115.3 52.56 4.1 

181.9 39.01 4.0 804 81 

208.5 12.12 1.5 736 252 

253.8 104.0 5.6 873 102 

335.9 34.51 2.9 892 529 

349.2 12.91 1.9 891 197 

449.1 58.82 3.1 891 197 

794.7 44.60 5.1 792 271 
1000sec 

Eγ(keV) Illtellsi ty Error Tl/2(δec) En・01

20.12 30.77 3.3 1ci58 232 

55.29 12.74 1.4 958 223 

110.7 138.7 9.5 14:25 104 

278.8 258.8 13.0 1239 81 

307.3 54.75 3.4 1076 280 

357.4 16.10 2.6 1086 167 

372.5 137.6 6.3 2450 561 

457.5 92.12 4.2 1086 167 

556.6 38.40 3.8 1195 542 

672.2 59.85 3.5 1002 274 

1141.0 23.70 3.9 1412 1830 

1177.0 71.86 5.0 1545 691 

other 

Eγ(んcV) IlltC'llSi t)γ En・01 Tl/2(sC'c) 
112.0 66.09 4.6 74G6 5136 

188.7 223.1 12.0 39333 75127 

214.3 22.95 1.9 3302 4377 
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Table 5. Excita.tioll C'llf'rgic、町 γ-rayf>llcrgiC's alld rclativc intensities observed ill the 

げclc('ay of 1:ぉCc.Thc、illtぞllsities arc llorn1aliz('d to the intensi ty of the 147 ke Vγ 

ray (I147kpV=100). DC)1川ctarc lnarkC'd by astcrisl日

Ex (ke 1T
) Eγ(k('V) IlltCll日ity Ex(keV) Eγ(keV) Intensity 

23.4 23.4 30.0(8) 938.8 476.3 1.6(3)* 

127.5 104.1 60.5(7) 578.5 8.6(8) 
170.0 146.6 100.0(8) 632.9 12.3(9) 

242.8 72 * 812.3 4.5(19)* 

115.4 7.4( 4) 950.0 707.2 10.5(28)本

219.4 37.0(7) 1079.9 708.7 3.7(10) 

245.0 117.9 8.9(3) 717.2 3.6(9) 

221.6 12.4(5) 774.5 6.2(9) 

05.9 178.4 14.4(5) 910.2 4.8(11) 

329.6 87 * 952.4 6.7(11) 

139.2 1.1(3) 1129.1 666.2 1.4( 7) 

202.0 7.7(6) 885.2 29.1(14) 

306.2 4.1(6) 959.1 10.5(11) 

346.9 102.0 3.2(3) 1187.3 816.0 1. 6( 3)本

176.9 12.0( 4) 825.8 9.5(10) 

361.3 191.5 6.2(4) 1159.0 1.6( 4)* 

234.2 14.8(5) 1394.6 1149.6 5.6(12) 

338.1 16.4(7) 91.5 68.1 35.4(7) 
370.8 243.3 18.2(5) 263.0 171.5 24.0(5) 

463.1 293.1 4.6(5) 271.8 180.3 22.7(5) 

335.5 4.8(6) 422.0 330.1 3.7(5) 
631.1 388.3 4.4(6) 463.7 372.1 8.5(6) 

459.8 1.9(3)* 469.8 378.3 5.0(5) 
487.6 395.8 4.3( 6) 
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Table 6. Excitation ('肘rgl何千raycnf'rgic's， 1'elati¥即 intensities(I284 100) and 

nlllltiporali ti('s of th(' tri1nsi tions in ] 2ちBa.

Ex(んパ1)Eγ(kcV) Intensity Multipolarity 

284.1 284.1 100.00(40) E2 
763.1 479.3 58.30(20) E2 

4.5 600.4 10.91(8) M1/E2 
84.3 8.11(8) E2 

1324.2 440.0 2.17(4) Yr1/E2 
561.2 0.99(3) M1/E2 
1040.1 10.31(10) M1/E2 

1372.0 487.8 10.94(7) E2 
609.0 8.61(7) :¥11/E2 
1087.9 8.75(9) E2 

1406.7 643.6 15.15(11) E2 
1799.3 427.2 0.80(4) 

475.1 1.08(5) 
914.8 3.14(5) 

1036.0 1.69(5) :¥11 or E1 

1514.6 0.68(4) 
1832.9 1070.1 4.77(7) :¥11 01' E1 

1548.8 1.57( 4) :¥11 or E1 
1931.0 606.8 2.21(4) 

1167.5 1.62( 5) 
1939.0 531.3 0.40(5) 

567.0 4.08(6) 
1175.7 1.21( 4) 

2009.0 1724.9 0.61(5) 
2038.3 715.5 0.50(5) 

1154.3 0.40(4) 
1754.2 1.12(5) :¥11 or E1 

2038.7 632.5 6.23( 6) 
1275.6 4.76(7) 

2174.7 1411.6 3.75(7) 
2201.9 1318.0 0.69(5) 

1439.1 1.58( 5) 

1917.8 1.16(5) 
2244.8 1481.7 0.57(5) 
2395.5 988.8 1.71(6) 
2412.4 1005.7 1.16(5) 



Table 6.ωlltillll代1.

Ex(kcV) Eγ(kcV) Illt~ll円 ity Multipolarity 

2424.9 249.8 0.38( 4) 

386.0 1.81(4) 

494.1 1.24(3) 

591.8 1.00(4) 

626.0 3.86( 5) 

1052.9 10.01(10) M1/E2 
1100.7 4.76(7) 

1660.9 0.98(5) 
2450.3 412.0 1.06( 4) 

1078.8 1.78(5) 

1687.2 0.51(4) 
2530.5 491.7 0.57(3) 

1123.8 1.17(6) 

2570.0 531.3 0.40( 5)本

1163.5 0.75( 4) 
2623.7 451.2 0.29(6) 

587.0 0.87(3) 

2626.7 793.8 1.83(15) 

1302.1 1.35(4) 
2669.3 1906.2 0.57( 4) 
2720.7 682.0 0.62( 5) 
2848.3 673.1 O.35( 4) 

1049.0 0.19(8) 

2877.1 482.5 0.77(3) 
38.7 1.06(6) 

938.8 2.66(5) 

1505.1 3.67(7) 

1505.1 3.67( 8) 
2929.0 1096.1 0.64(4) 
2976.6 774.7 1.32( 4) 

1046.4 0.22( 6) 

1143.8 1.45(5) 

1604.7 1.43( 6) 

1652.6 0.45( 4) 
3116.7 1710.0 0.31(-:1:) 
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Table 7. Ell('r~y lC'velsぅ Sl山 町 pariticsぅ I(EC+s+)alld log ft for the s decay of 

128La→128Ba. 

0111・work previous wor k 

Ex(kcir) Iπ I(EC+グ)% log ft I斤 I(EC+グ)O/C) log ft 

1406.7 6+ 3.35 7.1 6十 7.0 6.6 
1700.3 (4+.3+) 3.00 7.0 3土.4+ 3.7 6.6 
1832.0 3+ 1.01 7.1 3:士、4+ 4.0 6.6 
1031.0 5+ 1.55 7.2 5+ 2.0 7.2 
1030.0 6+ 2.62 7.0 (E)+ ) 2.3 6.8 
2038.7 5- 4.00 6.8 (b+ ) 7.8 6.3 
2174.7 2.68 6.8 (4 -) 2.2 6.7 
2201.0 ( 4+) 2.20 7.0 3土.4土 2.9 6.6 
2305.5 (7-) 1.26 7.0 (7-) 
2424.0 5+ 22.24 5.6 (4-) 24.7 ;).0 

2450.3 (5) 3.10 6.5 4一.5土.6+ 2.8 6.5 
2530.5 1.07 6.8 0.6 7.1 
2620.7 1.07 6.0 
2626.7 2.04 6.5 4 --.5+ 4.7 6.2 
2801.1 2.24 6.4 
2848.3 1.14 6.8 1.4 6.5 
2877.1 (5-β+) 1.35 5.8 (5-) 8.3 5.8 
2076.6 (5+.4+) 4.01 6.1 4-E+ .0 3.5 6.1 
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Table 8. Ex山 atioll('11円 glぺ γrayc11crgl川 rclativei11tcsities (I23.5kev=100)， and 

DCO ra.tios of th(' high日pi11statcs of 128La prodllced by the 160+11.5111 reaction. 

DOllbl(、tsa.n、lllarl日、clby a.st(、risks.

Ex(kcV) Eγ(んcV) 111tensi ty DCO ratio 
4.0 84.0 50.7(46) 0.73(17) 

48.4 3.0(2) 
151.3 114.0 4.8( 5) 0.60(31) 

66.4* 45.4( 41) 1.19(16) 
255.8 170.0 2.0( 1) 

104.1 。0.3(83) 1.04(6) 
304.0 242.7 7 .8( 3) 0.70(22) 

138.2 04.1(88) 1.02(6) 
620.1 373.3 21.0( 4) 0.72(17) 

234.8 100.0(6) 1.14(7) 
51.1 457.6 35.5( 5) 0.76(15) 

222.0 77.6(5) 1.06(11) 
1186.5 557.4 15.4(4) 0.63(17) 

334.8 34.5( 5) 1.05(14) 
1485.2 633.8 24.1(9) 0.61(20) 

208.7 20.5(5) 1.33( 37) 
1003.6 717.5 16.7( 4) 

418.4 15.0( 4) 
2271.8 786.7 12.2(5) 

368.2 0.1(3) 
2761.4 857.8 5.0( 4) 
3104.6 922.8 4.0( 3) 
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Table 8.ぐOlltillll('d.

Ex(んcV) Eγ(人:cV) IlltC'llsity DCO ratio 

70.3 70.3 31.3(28) 1.48(58) 
65.2本 20.5( 19) 1.68(75) 

151.9 146.1 1.6(1) 

81.6 45.3( 41) 1.07(14) 

271.6 201.9 1.4( 1) 0.50(25 ) 

119.7 58.6( 54) 1.00(8) 

445.4 293.5 5.1(2) 0.72(21) 

173.4 50.1(6) 1.00(9 ) 

654.4 382.8 9.7(3) 0.52(16) 

209.0 44.7( 4) 1.13(13) 

915.0 469.6 10.5(3) 0.54(20) 

260.0 33.5(4) 1.09(21) 

1205.3 550.6 14.7(3) 

290.2 14.5(3) 0.97(29) 

1543.8 628.8 14.9( 4) 

338.2 14.9(3) 

1906.4 700.8 26.8(4) 

362.6 11.9(3) 

2313.3 769.5 8.4( 3) 
407.0 8.0( 4) 

2737.7 831.1 10.8( 4) 

424.4 4.0(2) 

3197.8 884.5 16.1(4) 

459.9 4.6(2) 

3652.4 914.7 8.1(3) 

452.7 6.0(3) 

Table 9. Th(、d2 allcl r of lllIllll111111 poillts of calculatioll of the total routhian 
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Figure captions 

Figure 1. 

p<、ct1'Rof i 1・aysohsc1'yゃcliu th(' 35C1+9:2~vIo 1'('actiou at a b()lnbardiug energy of 135 

~Icべ\1u t h<、日illg!cSspc、ctnllll.a pnH11i11e11t pcak at 137 ke¥-is clue to the Cou1omb 

cxcitatioll of th<、ta1'gc、t.Thc叩 ectnllllclellotοd hy .. 3p011 gate'・¥¥・asobtained by 

p1aci11広th(、p;a t (' 011 the 3])On cha1111e1 iu a pa1'tic:lC'ーゥ coiucidence lneasurement. A 

〈・hal・gccl-pa1'tir 1οnl1l1 tip1ici ty五lte1'ancl a 11C'llt1'on detecto1' ¥¥マreenlp1o}・edto generate 

thc、広at es fOl・chall11clse!cctio11. The photo peak日at:230. 4:21 and 577 ke Y correspond 

to t h('ウ 1町行。fthe g1'ollllcl-statc of 124Ba p1'oclllcecl i11 the 92)'Ioe;ぅCL3p)124Ba 

1'cactiOll. Thc、日p<、ctI・1unill the 10¥veぉtpane1 was p1'ocessed by setting the gate on 

1p1n ancl 2p11/ chaullcls. ~Iost of the photo peaks call be ascribed to 124La. 

Figure 2. 

Exa111p1c、目。fcoiuciclellce日p代・t1'a 0 bsC'1'vccl b}・ the::-JORDBALL spectl・onleter.in 

01・clc、l'toれ)Ust1'llctthc、1c、γ{、1SChC'llH、。f12'!La llsing the 92~\loe5CL :2Pll)12-lLa 1'eaction 

at 150 i¥Ic、γT1H、sp代 .tnllll(A) is a SlUll of bn) spect1'a obt ainecl by p1acing the gat 

011 4:30 kc ¥-今1'ayallcl ou thc 803 kc ¥- ゥ 1'aythe hancl l(see Fig.3). Othe1' spectra 

31'(' p1'o山 ('('clin a sinlI1a1' lllann('1' t 0 thc、sp何 tn日11(A). The gates a1ぞ seton th 

:274、4:25a11d 594 kc 'iγra.ys of thc ha川 1in (B). thc :261 ke ¥ -1 ray of the ba凶 3

i11 (C) aIHl t 11<' 838う 914('山1976 kバゥ1'aysof thc hand 2 in (D) 

Figure 3. 

PR1'tia11c吋{、1SChC111C of J 2<1 La cons t1'llctccl in t 1H、pl・P別、ntwo1'k. Since the g1'ollnd and 

10wゐ 1yi11p;stat.<'s a1'e uot known， thc cxcitatioll ene1'giC's a.re llOt. detcl・nlined. The 
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#' 

cnc1'glC、SgiVCll in thc五gu1'carc nlcasurcd fronl the 10west 1evel. 

Figure 4. 

A日illg1(、ssp代 .tn11llof X 1'ays alldγ 1'ays 1npasu1'ecl during 0妊.beam periods after 

thc i1'1'acliatio11 of :28Si hca11l 011 a '0:3Rh ta1'get. 

Figure 5. 

Th(、cl(、(・ay(・111γcsof 68 allcl 104 ke Vγ1・aysa11cl Lantha11llnl X ray. 

Figure 6. 

Low-1yi11広 <'Xぐiれて1statf'S i11 ・:28La constrllcted f1'on1 the γ - T coincidence 

11H‘aS11H'nH'llt aftc1' t 11(' ，-j clecay of 1:28C 

Figure 7. 

Thc c!ec ay (・111'¥'(，sof t h(、284‘470a11d 643 ke ¥-ウ 1・aysof the g1'ound-state band of 

128Ba. 

Figure 8・

Th(、1(，¥'('1SChClll(、。f1:28Ba ohtaillccl by the ，-j cleCelY of 128La 

Figure 9. 

Th(、1'atios of yidcls 11lC'aSl11・(、clat two co1'1'c1atiol1 allg1es of 200 and 800 fo1' the 

1'ays of I :28Ba popll1atccl l)y thc d clecay of I :28La. Thゃ angu1a1' co1'1'e1a tion we1' 

山川111川 hyt h1'c(' HPGc山、tccto1's.Thc cxp1'cssioll .‘gate" in cach五gu1'ef1'onl (a) 

t.o (cl) 111('e111日 that. th(、T1'ay ¥vi t.h t1九日 c11c1'gyis the s何 ol1cl1'adiatio11 in a cascad 

C011日istillgof two Sl1ぐCCSSIVCγt1'e111sitio11S. 

Figure 10. 

Ra.tios of th(、01・(、tica1vallles of a.ngu1a.1' co1'1'e1a.tioll fU11Ctioll. The五1'st1'adiatioll in a 
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ca.scacl(ヨ。ftwo succcssive trallsitiollS are assumecl to be a mixecl multipole transition 

wi th lllIxillg ratio b. Thc nU1nbcrs likc "5 -4 -2" illdicate the spin sequence of a 

仁川caclc.

Figure 11. 

OillCicl(、山r 円pcctraobt ainccl to COllstruct the level sche1ne of 128La (a) from 

'tnRh(剖 Si，21川)1:必 La. (b) fr01ll 11.51川](-;0，3吋128La. The gates are placecl on 222， 

GG alld 85 k('¥-今 rays.(Sf'C also Fi広 14)

Figure 12. 

OillCidcll打 、 日p(、ctra ohtaillpcl to COllstruct the level SChe1TIe of 128La fr01TI 

I J.51ll( wO.311)1必 La.The gatf's are placecl Oll 104， 138 and 114 ke¥-ゥrays.(see also 

Fig. 14) 

Figure 13. 

Coinciclf'llCe 日pectra obtaillccl to constl'uct the 1引 で1schenle of 128La fron1 

11.5 1叫lsO，3n)128La. Thc gatf's an~ placed on 120. 82 and 70 keYγrays.( see also 

Fig. 14) 
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冒

且

川

口

ni 
日('h(，ll1 128La csta blished fronl 

γーゥ COlll(・iclell(・(' fnnll J ，.51n( wO.3n)J28La. Thc Spill assignll1ent are based on the 

I山川;igati(川 ()ff-J心cay日(以'ctほ t). 

Figure 15. 

Coinc・iclc、llC('sp代 'b・aohtaillCcl to COllstl'Uct thc le"¥で1SChell1C of 1お La.Thc gates al'e 

placecl on 138‘104 a凶 GGkcVγl'ays.(引で a.lsoFig. 14) 

Figure 16. 
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~ 

Lev(' 1 schn11cs in th(、vicinityof the hancl hf'ad of the hand 1 in 128La. The level 

SCh(，111円 (a)a，nd (b) a.1'e 1'cpo1'tecl hy N olan et αl. and G吋 freyet al. A new level 

SChC111C constr川 tcclin t his wo1'k is prcs( 

Figure 17. 

DCO 1'at.ios fo1' t.ra.nsitions in thc bancls 1 and 2 in 128La. 

Figure 18. 

Expc、l'Illl('nt a1 1'Ollt hians (-" as a fllnction of 1'ota tiona1 f1'cquenc)・hωfor124La. Harri 

panUIH、te1'san、takento hC' .70=17 I¥leV-1h2 and .71=25.8 ).Ie¥--3た4

igure 19. 

Expc、1'inlC'ntal spin align111cnts i (ω) as a function of 1'otational frequenc:y・たωfor

12'JLa. Han・ispa1'anH'te1's a1'e taken to bC' .70=17:¥1ey-1h2 and .71 =25.8 :¥Iey-3元4

Figure 20. 

Calc1l1at('d quasip1'oton cnC'1'gic、s(-" as a fllnction of rota tional f1'equencyたωf01・124La.

Tl日、 pannggaps a1'e assunl代 1to h('ムp= 1.2G :¥IeY fo1' p1'oton anclムη=1.13 :¥1e¥-

fo1' lH、llt1'Oll.1'cspC'ctivcly. T1H、pa1'a111et('1'sof quad1'llPolC' def01‘111ation al'eε2 =0.26 

anclゥ=00
. 

Figure 21・

Calclllれれ、dqllasill<、ut.1'Ollcllc1'gics (" aバ a function of 1'otational frequency nωf01・

1 :2/1 La. Thc sanlC pa，1'れllH、t.<、1'sas f01・quaslp1・ot.onaJ・('uSC'cl. 

Figure 22. 

Calcllla tccl qUe-isin('utroll (，llc1'gi(、s(" as a. functioll of 1'ot a tiolla1 f1'equellcy nωfo1' 

':2()La. Th<、SeU11Cpa.nl11H、t(、1・日 れ只 fo1'仁lUa.Slp1・otOlla.re use(l. 
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Figure 23. 

A ぐりllccptna1d(、caysrhc111c for thc (-J clccays 128Cc孔llcl128La. 

Figure 24. 

ExperillH、llta1clata of thc日ignat 1U'(-'おplittingill odcl-odd Ce and La isotopes. It 

shou1d h(' llO打、dthat t1H、experinlCllta1spin a.'-iSig11111cllts are perforn1ecl on1y three 

llnc!(、i()f 1:2，tCS. l:2()Cおれlld1:28La. 

Figure 25. 

Th(、('xp('ri111(，llta1 allclぐalrn1atcdsigllatnre splittings of 12δLa. ::¥f'''・ clataobtained in 

th(、p1'<、町、llt"・01・kare l11arkccl by OpCll (・ircl円 .Diarll011d n1arks are the old data taken 

frOlll rcf. [18]. Thp theoretica1 va1ups arc tlw rCS1山sof calru1ations by particle-rotor 

n1<)(l('1. ill ¥yhich triaxia1 d('fonnatioll allcl the rf'siclua1 interaction bet¥yeen ¥'a1ence 

1>1・otOllれlldllC'lltroll eUP takpn into aCCOUllt. 

Figure 26. 

The exp円・inwllta1 ancl ca1cn1a tecl signa turp spli t tillg of odcl-odd Cs and La isotopes. 

T1山自広llreis t akf'll fro111 rcf. [13] 
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