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Analysis of the negative—parity yrast band in 155Tb
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Abstract using th。par￡icle—ro￡or功odeJ，如e energy印ectrum and七be曰(∞1)／口(F2)
ratio of the negativc—parity yrast baⅡd in 155Tb are investigated aIld compar甜with
the elperirrlental data before and after the band—crossing．It is noted that before and

“tcr thc hand—crossinE the Illomcnt of inertia of the corc is a smooth functioIl of thll

total angularInomentum j and can be dc8crib甜by七he ab formLIla Th yrast band t)f

155Th with negative pa“ty may he triaxially deformcd(7=一13。)before and an axially

8yr皿1ehic 8hapc(7=0。)after the band—crossi“g

Keywords High spin nuclear statesl Tlle ab formula

CLC numbers 057l 2l+1．0571．22．0571 24

1 Introduction

Many theoretical and experimental．studies have been done recently on hjgh—spin

states 0f odd—Z rare-earth nuclei．Arnong them theⅣ=90 nuclei dweⅡwithjn a hjghly

transitional area of deformation space These Imclei are especially susceptible to sh印e

driVing forces by Various competing processes．

Rotation of deformed n11cki is an intricate topic of nuclear structure，and high

spin states of rare—earth nuclei provide many interesting data to test coUective Iluck耵

models For years，the ideal ri西d rot。r model was used as the approximation to the zeroth

order for rotation motion，but the deviation of its rotation胡energy spectnlm fbr蛐da，
E(，)=AJ(』+1)，from the observed data of rotational bands had been found at different

nuclear regions to a d珊breIlt extent．A mu c}l better fo酬a of only two parameters f0T

rotational energy spectrum was deduced phenomen0109ically【1J a工ld derived theoretically

from a Bohr Harnjl￡oIIianf2J and js now often caⅡed the ab f0Ⅱnllla：

r—————————一 ^2

E(』)2 n[、／1+6J(』+1)一1]2 i；暑而。(，+1) (1)

in whicll is included also the idea of a Variable moment of血ertia J0(n

凡(』)：凡。生丛掣!幽 (2)
Z

This ab formula describes satisfactorily all rotational spectra of grollIld—statebands

of the normal defbrmed even．even nudei jn raTe．eaTth and actinide re只ions【2，引，and also

describes properly the super—bands(s·bands)【圳． It has been proved recently that the
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transitlon energy spectra of superdeformation bands can also be exceUently reproduced

by this ab fbrmllla，Eq．(1)，and the mdment ofinertia^，Eq．(2)，derived from Eq．(1)[5~引．
Very recentlyl a new hjgh—spin states result foI一155Tb was reported【9】．We note that

the曰(M1)／日(E2)transition strength ratios、张re e盖tracted厅om the data and com—

pari$ons w盯e made with geometrical model【川． Their theoretical曰fMl∥口r也，ratios
oVerestimated the signatlⅡe sphtting by an order of magnjtude jn the one-quasiparticle

reg妇】．T虹s ddciency may be caused by the ass、lⅡlption of an矗xially syⅡmletr主c shape．

Is it tria五aⅡy defomed?
Here we shaⅡcalclllate both the energy spectra and transition probabilities of the

n89ative—parity yrast band i11 155Tb using the p缸ticle—rotor model，and comp盯e our

results with experiment al data iIl order to study tlle question about the triaxiaUty of

the negative—p缸ity yrast band in 155Tb before and mer the band—crossing，aIld at the

saIne time to test the appbcabiuty of Eqs．(1)and(2)to the yrast 5-band疵er the ba工ld—

crossilIg regian

2 The mode】

Based on the experimeIltal kvel scheIne，the last proton occupies『53215／2 orbital

in negatiVe parity yrast states of曲5Tb，whjch is not工nixed up with nejghboring orbitaJs

of p0sitiVe parity．C0nsequently'the single_j particl}triaxia卜rotor model【儿，12 is used to

calclllate both the erLer2：y spectra and tTansition probabmties be{bre and after the band—

cros5ing．There is only one quasiproton in the h儿，2 subsheU collpled with the even—even

core before band—crossing，whereas two i13／2 neutrons are aligned by the rotation after

baIld．crossjng，thus three quasipaTticles are coupling with the core． if the last proton

anglllar moment衄is expressed as矗，the neutron spin alignment as^，aIId the couective

aIl911l盯momentum of the even—even core as冗，then the tot a】angular momentum』=

五十厶+如．T0 deal with s_band afterband-crossing，our tot“HalIliltonjan is written

as a sum of the rotor part and the intrinsic part fbr the quasiproton and quas证eutrons：

日=丑mt+日Intr．p+皿ntr，n
Here tri∞dal—rotor HaⅡⅡltonjan fbr the core is

(3)

3 女2 3 ^2

‰2吾爰丑2 2善爰№一㈨嘞]2 (4、

in whjch^is the moment ofjllertia associated with rotati。n about n璩intrinsic南th a血s．

In n啪erical calclllations，we take the moment ofinertia of hydrodynaIIlical type

九=；础)sin2(7+m等)， ％=Ⅵ，3 (5)

in which JDfJ)is a smooth function of the total angular momentm J and is expressed

iIl Eq．(2)，wherem paraIIleters矗o and 6 are estimated by fitting 7一transition energies．

It is not practical to perform aIL exact particle—rotor model calclllation with three

quasiparticks fbr a tria】【ial shape because ofthe large con矗Pmation space．Due to the one—

particle character of the electroma冀Iletic transition operators，the change血theⅡumber
of quasiparticks does not have哪ill丑uence on the signature．depeniLent part of the

transition-matri】(elements．W宅c姐丘eeze the intrinsic de匿rees of丘eedom of the ali瓯ed   
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neutrons，just as the simPH矗ed瑚【0del proposed by Ref[11】djd to deal with the 5-band

co血gurati。n．Since at present we are speciaUy interested in the sPin region of the s—band

in whjch the neutroⅡsp证aUgment is nearly c0IlstaIlt，viz．，厶≈10，then the contribution

fram the intrinsic H锄iltoIliaⅡof the aligned neutrons is aII addjtionaJ const aIIt，and thjs

teⅢl且nt叩in Eq．(3)can be ignored as done in Refs[4，11卜we can also assume that

厶，the neutron spin aHgnment of the s_band，is paralkl with丑，the coUective angmar
monMntum of the(triaxial)core，aIld then an aIIglllar momentm for the s_band，x，can

be defined as in Refs．[4，11]：

x=』一厶=矗+厶 (6)

The coupnng scherne of angular momenta in s_band is shdwn in Fig．1．

Thus the three-quasiparticle problem

of the tot al Ha玎mto工lian(3)of the sIband

is Teduced to a one—quasipar“cle problem

q11主te siIIlil壮to that of the usual争band：

丑：壹芸冠l+‰。
＆=1。。≈

仃1 Fig·1 Geometric relati。n of七he co“pl吣
、 ’

angul8r momenta of thc s．baIld

wllich is of“le usual form of one-auasi．

particle con矗guration aⅡd is easy to be di—

agonalized．Tllis H锄1iltonian caII be used for both如aIld(厶=o，x=』，丑=，一站)
柚d s-baIId(厶≈10，x=』一厶，丑=x一矗)，The only di娲rence is that the rotor

anglllar moment哪of the s_band is calclllated as冗=X一靠 The detailed forⅡmlas

necessary fbr the calculation in the panicle—rotor model can be fbund in Refs．1 6，儿I．

Ha埘ltonjan，Eq．(7)，is dia90n“zed by using the B cs one—quasiparticle states f0T

the particle wave劬ctions．us血g the resll】ted wave functions口，M1)and B，E2)values
can be calcu】ated．

3 Results and discussion

The calclllated energy di舵rence，E(J)一E(，一1)，and日f且nJ佃r盛J ratio are com’

pared with the Ineasllred values in Figs．2 and 3 for『53215／2 band of 155Tb，respectively．
The Inodel is not appbcable to the states iIlvolving strongⅡⅡxing between the g-band

卸d the 5-band．Thus，the states with 31／2<，<41／2 were not c alclllated here SiIlce

“ter the band—crossing，the s．band is known to consist of(i13／2)2 quasineutrons，their

ahgnInent．厶≈10 and七he neutron g factor玑．=一0．20
are used itl七he calculation【llJ

nom th8 go。d agreement of tk calclllated value with the obserVed ones we can know

the fjⅡowillgs．

(1)compariⅡg the calclllated signatllre sphttiIlg of the ener舀es with the obs盯Ved

values，p甜ameters of the particle—rotor model are chosen before a工ld after the b aIId—

crossiIIg so that the observed data壮e，on the average，reprodllced as weⅡas possible

using the same parameters，the calclllated ratios of曰r胁ihLlJ to日r也ihL2，agree
qllite weU with the observed ones and so the adopted p缸ameters are reasonable The

tri商出ty 1、埘ues adopted jn 011r calclllation for丌f53215／2一baIld in 155Tb，are 7=一

13。before aIId 7=oo疵er theband—crossing．The懈uh given in Ref．【9]by using the
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geometrical model with an a】【iaⅡy syInInetrjc shape can not reproduce the expenmental

si印atllre d印endence of the四f^nJ／曰，盟j ratios before the band_crossiIlg Therefore，

the nuclear shape may be triaxial． Since ilo／2 neutrons盯e predjcted to pola“ze the

nucleus towards a sy姗etric prolate shape，the 1=0。shollld be abk to describe the

observed data aftef band-crossing F}om our good a譬reement of the calculated values

with experimental data，we say that the nuclear shape of the yrast band of 1 55
Tb with

negatiVe parity may be triaxiaⅡy deformed(7=一130)before and axj“y syImetric(7=o。)
after the band·crossing．

Fig．2 EneIgy di矗erenc。

△E=E(，)一E(，一1)vcrsus spin，forthc

[532】5／2一band in 155Tb．The experimeⅡtal

vaIue8 ftakIl froHl Reff9i)are sIlowIl a8 80I“

and open circles，while the caklllated values

are connected by the solid lines．The s01．d

(opcn)circle corrcsponds‘o‘hc cncrgy

dl骼rence trom the state with the signatllre

“=+l／2(1／2)toⅡ=一l／2(+1／2)．The

parametcrs used ill the particle—rotor model

ar。7=一13。(00)，△／K=11．40(0．40)，
A／K=0 O(O 0)，JooK=53(65)，6×10。；7．0

(5．O)，and^t=0(10)before(mer)the
hand—crossing．Hen K is used as an energy

unit which is deterrnined by norm出izi“g the

calculatcd vahlcs of 7一transition encrgics to

one of the exDerimental data

Fig．3口f胁：△丁=1J／Br砚i△f=2』Tati‘捧
versus 8pin j for the『53215／2一band iIl

155Tb．ExDeriIIleIltal valucs with crror b。、rs

naken from Reff91)are shdwn as sond

(open)circles，corre8pondi“g to the eIlcrEy

diH0rencc from thc statc with t11c si911atlll c

n=+1／2(一1／2)to n=1／2(+1／2)tht、
calculated value8 are connectcd bv thI、soli(1

llnes．The Darameters are intrill sic

quadrupole moInent 8quared 00=30c2^2，
efrective electr记charg。

e。口<jI r2 J>／Qo=(1．2(1e，仇二l¨．
g，=3 91，9R=0 30，and口J．=一0 20．()tIlcr

Darameters of the Darticle．rotor Inodd arc

“lc samc as those 1lsed in Fig．2

(2)The good agreement of the calculated Values with the experimental data also

shows that the sirnpli矗ed Inodel【1“，Eq．(7)，dealing with 5-band configuration is
a二good

appro)【imation．The an9111缸momenta 0f the two rotation一曲gned quasineut∞ns厶can
be勰sumed constant(厶≈lo iIl the争b姐d)，and in para【Iel w“h丑，the collectiVe

}_q■f)／—琶∞§堇∞

毒苎#．1)Ⅲ-{I)|

   



WU XiIlg-Ju c￡口7．：Analysis of the negative-parity yrast hand in 155Tb

an眨u【ar momentm of the core， Then we can ffeeze the de鼾’ees of freedom of two

ahgned quasineutrons and neglect their mtrinsic te衄iII the total H扯mhonjan．“1us the

3qp(quasip缸tick)problem，Eq．(3)，is reduced to a 1qp problem，Eq．(7)．
(31 The calclllated energy spectra coincide with the observed data It shows that

the v缸iation of the moment of inertia of the even-even coTe，凡(』)，ag出nst angular

mornentum J is weⅡdescribed by Eq．(21 both before and after band．crossing，but with

di艉rent Jm and 6 values，because the two rotational bands are di艉rent． For a酣ven

矗xed 1．value the momerLt of inertia^1f，)is a smoothlv一血creasing fhnction of』，which

is reasonable since，一dependence comes maillly Itom the decrease of the neutron pairlng

correlation as J increases．The■deDendence of the monlent of inertia of the core rotation

i11 the expression(2)is deduced from the ab formllla．Therefore，the ab form_【1la，Eq(1)，
can be used to depict not only the口一band but also 5．band
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