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Nuclear structure of °’Y in the interacting boson fermion plus broken pair model
and the nature of the 3.523 MeV high-spin isomer
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Department of Physics, University of Jgkgla P.O. Box 35, FIN-40351, Jyskyla Finland

S. Brant, V. Paar, and D. Vretenar
Department of Physics, Faculty of Science, University of Zagreb, Zagreb, Croatia
(Received 26 June 1997

Nuclear structure of”Y is described in the interacting boson fermion plus broken pair model, including
guasiproton and quasiproton-two-quasineutron configurations in the basis states. In particular, the yrast bands
and the decay of the 27/2high-spin isomer are accounted for in this approd&0556-28188)04102-9

PACS numbegps): 27.60+j, 21.10.Pc, 21.10.Re, 21.60.Fw

I. INTRODUCTION nuclei, respectively. In descriptions of the high-spin states in
even-even nuclei, the IBM framework was further extended
The region of neutron-rich nuclei immediately beyond theby including broken pairs in addition to the interactisg@nd
N=56 subshell closure is of particular interest for nucleard bosong19-22. Analogously, the IBFM for odd-even nu-
structure studies because of a very rapid phase transitiotlei has been extended by adding one broken [&itQ].
from spherical to strongly deformed shape and the coexistfhis model will be referred to as IBFBPM. The IBFBPM
ence of these shapes fof=58-60 nuclei[1]. The %Zr  configuration space of an odd-even nucleus wik+2 va-
nucleus with theZ=40 andN =56 closed subshells exhibits lence nucleons comprises
a shell-model type of structure2]. On the other hand, al- ]
ready the33Y o nucleus has properties of a symmetric rotor| N boson 1 fermion)
[3], while the 35Yse 0dd-odd nucleus contains an excited +|(N—1)bosons 1broken pai®1 fermion.  (2.1)
rotational band which coexists with spherical stdils The
95Y 55 nucleus with one proton hole and two neutron particles  The IBFBPM Hamiltonian includes four terms: the inter-
beyond °6Zr exhibits a family of levels associated with the acting boson mode(IBM) Hamiltonian [12], the boson-
g, Proton configuration5-—7. fermion interactions of the interacting boson-fermion model
Positive-parity states of’Y have been previously studied [14], the fermion Hamiltonian, and a pair breaking interac-
theoretically in the framework of the interacting boson fer-tion that mixes one-fermion and three-fermion states. The
mion model(IBFM) [8]. In this way, only the states associ- definition of parameters in the IBM and IBFM terms in this

ated with coupling of a particle-type quasipartictg, to a_rtlcle is taken_ according to Ref23]. For the last term, a
the SU5) boson core were described, but it was not possibléimple interaction was employ€8]:

to describe the states based on three-quasiparticle configura-

tions. In this paper, we describe both the positive and nega- o e o
tive parity states in’’Y employing the extension of the in- Vimix UO{ i%z Uj, Uy, (U0, Uj,04,)

teracting boson fermion model by including also the broken

pairs of neutrons. This extended model is referred to as the i ., 1 "

interacting boson fermion plus broken pair mot&FBPM) X(jallYalli2) ﬁ([ajzxajz]o's)’L H.c.
[9-11]. In this way, both the one- and three-quasiparticle l2

states coupled to the $8) boson core are included and mix- . )

ing between them is accounted for. Particular attention is —Uz[ 1%2 (uj,vj,+up,v; )il Yalliz)

given to description of the 3.523 MeV isomer which was

previously assigned as tHerQe, (¥97/2,vh11)9]27/2°

three-quasiparticle configuratigs]. : (2.2

x([a] xa] J,-d)+H.c

In the IBFBPM calculation foP”Y we account for broken
neutron pairs, i.e., one-quasiproton-two-quasineutron states
are included in the basis staté®.1). Thus, there are two
boson-fermion and two fermion-fermion interaction terms

The interacting boson modéBM) of lachello and Arima  contributing to the corresponding matrix elements. We em-
[12,13, the interacting boson fermion modd¢BFM) [14—  ploy as core the spherical nuclegsSrg. This nucleus was
16] and the interacting boson fermion fermion modelused as the S@8) IBM core in the previous IBFM calcula-
(IBFFM) [17,18 provide a useful framework for description tion for 9%y [8] and in the IBFFM calculation fof®Y [24].
of nuclear structure in even-even, odd-even, and odd-odWe use here the same IBM parametrizatidn:=0.815

Il. CALCULATION FOR °7Y IN THE INTERACTING
BOSON FERMION PLUS BROKEN PAIR MODEL
(IBFBPM)

0556-2813/98/52)/681(7)/$15.00 57 681 © 1998 The American Physical Society
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MeV, hy=h3=hg=0 MeV, hyy=—0.37 MeV, hyy=0.22 7., quasiparticles with quasiparticle energies 0.73, 1.51,

MeV, with the boson numbeN=4. and 1.88 MeV, and occupation probabilities 0.617, 0.924,
In the calculation for the positive-parity states thgg, and 0.929, respectively. These values are close to the BCS

and d., proton quasiparticle states are included with qua-Solutions corresponding to the Kisslinger-Sorensen param-

Sipartide energies 2.0 and 8.0 MeV, and Occupation probetrlzatlon [25] Furthermor% we increase the magnltude of

abilities 0.044 and 0.01, respectively. In order to keep thedj to —0.12 MeV. Thewdsg, quasiparticle was omitted

size of configuration space managealilee maximum di- from the configuration space for negative-parity states, since

mension of the configuration space is 1§50the low-spin its influence is negligible.

negative pa”ty quasiproton State’s’al/Z! 71-53/2, 77?5/2' The IBFBPM Ham”tonian iS diagonalized in the baSiS

have been omitted from the calculation. In fact, these con(2.1) and we obtain the energy spectra and the wave func-

figurations give very small contributions to the high-spintions:

states considered here and this approximation has a very

srﬂall eff(_a(_:t. In t_he previous IBFM_ calcuIaFlon only the |le(7>=.2 fj,ndvR;J|7Tj NgR:J)

(g POSitive parity proton quasiparticle was included. Here InguR

the 7ds, quasiparticle from the next major shell is also in-

cluded since it plays an important role in generating Alle + E ﬂjj'j"lwlm,nduR;ﬂ

=1 pattern for the positive-parity yrast band. A sizable in- " apungeR

Ifluence of th_e inclusion ofrds,, configuration is due_ to the [T, (0T TN 1o Mo RJ). (2.3
arge non-spinflip matrix elemexitrds| Y || 7gg/) . Without

inClUSion Of theﬂa5/2 Conﬁguration we W0u|d Obtain a de' Here WT Stands for a proton quasiparticle’ ana”v’]"’

coupled yrast band pattern. The occupation probability of thgor neutron quasiparticles which are coupled to the angular
gy, quasiparticle state is taken from RE8] and therds,,  momentuml ,,. Angular momentg andl,, are coupled to
state, lying above the valence shell, is of a particle charactethe three-quasiparticle angular momentum denotedl, by.

with a very small occupation probability. Thes,,, vg;,, In the boson part of the wave function, thg d-bosons are
11/, andvds, neutron quasiparticle states are taken withcOUPIed to the total boson angular momentBmThe addi-
quasiparticle energies 1.42, 1.65, 1.94, and 2.04 MeV, anfional quantum number is used to distinguish between the
occupation probabilities 0.17, 0.12, 0.08, and 0.93, respecla-boson states having the same angular momeriuwe
tively. The neutron quasiparticles have been deduced froiOteé that the number &f bosons associated with the boson
the BCS calculation starting from the Kisslinger-Sorenserstate[ngR) is ns=N—ng, whereN is the total number of
parametrizatioi25], with an enlarged gap between thes, ~ POSONS.

and the other valence shell single-particle states. The. !N Fig. 1 we present the calculated energy spectrum of

highest-lying quasiparticle stateds;,, was omitted from Y in comparison to the available data and Table | displays

the IBFBPM configuration space, since it has only a minor 2V€ functions(2.3) for some states. Figure 2 displays the

influence on the levels which are investigated here. total weight of components containing three-quasiparticle

The boson-fermion interaction strengths for neutrons argomponents
I's=0.8 MeV,A;=A;=0 MeV, x”=—1.0, which is similar
to the values used in the previous IBFFM calculation for P3(J¢)= E |’71'i’i”'w'm
%“Rb [26]. For protons we takd'J=0.4 MeV, AJ=2.5 511" ) monguR
MeV, Aj=0.02 MeV. The value of J is the same as used . . i
in the previous IBFM calculation fo?’Y [8], while the value " the wave functions of yrast and yrare positive- and
of Ag is somewhat reduced. However, the crucial differencenegl]j"t.'ve'p"’lrlty states. .

sing the IBFBPM wave functions we calculate tB&

is in the choice of the pa_ramet.Q/r’T Wh'ih IS x :_0' we and M1 electromagnetic properties. The effective charges
have found that only by including theds, fermion and  5nq the fermion gyromagnetic ratios are taken from the pre-
having x"=0 makes it possible to obtain in the calculation \io,s IBEEM calculation for®Rb [26]: e"=1.5, e"=0.5,
the normal ordering for positive parity band pattern ongib_» 5 x=0,97=1, g’'=0 g7=0.7g7®*=3.910, g

(Lt} l l 1 s . . 1 IJs

. . A + S
the yrast line, i.e., AJ=1:9/2,11/2 ,13/2 ,15/2, —0.7g2%®= —2.678 and the boson gyromagnetic ratio is

P N )

1_7/2{, . .Ot_herwise, we would obtain the ordering assO-g_— 7/A=0.402. The calculate&2 andM 1transitions for
C'atfd with decoupled band pattern: the positive-parity yrast band are shown in Table 1.
9/2y ,13/2 112 ,17/Z 152, . . . . It should be noted that in the early applications of IBFM

The values of the pair breaking interaction strengthssystematic studies were made of an entire range of isotopes
UQ,U2 and the surface delta interaction Strength for neutronﬁ] some mass regionS, |eading to Systematics of model pa-
Vs are taken in a qualitative accordance with previousrameterg16]. This has helped to show that the parameters
IBFBPM calculationg27,28: Uy=0 MeV, U,=0.34 MeV,  are physically meaningful, and to reduce the probability that
andVs=—0.15 MeV. parameters are forced to reproduce a certain feature in one

On the other hand, in the calculation of negative-parityparticular nucleus only. An analog question may be raised in
states the parametrization is the same as above for thfe IBFBPM model calculations. In this sense we have per-
positive-parity states, except for extension of the negativeformed a preliminary IBFBPM calculation fo’Nb in com-
parity quasiparticle space by including th@,,,, mps,, and  parison to the present calculation f6fY, comparing the
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TABLE I. Main components £1%) in the wave functions of the form given by E@.3) for some low-lying and yrast states fAY. The
boson quantum number is not needed for components1% and therefore is omitted.

I 7T orw T 6T Tl e R &3 T or 7T T Tl e R €
1/2] TP 0 0 097 7o 2 2 039
P32 1 2 -0.17 ’7ng/2 2 4 -0.31
mter 1 2 -015 Qs 3 4 -013
3/2] TP 1 2 025 [ 7Go, (vS12,vds)2]9/2 1 2 —0.10
P32 0 0 0.93 [7ng/2,(1/sl/2, Vd5/2)2]11/2 0 0 0.17
P32 1 2 0.23  13/2; 09/ 1 2 -084
5/2; TP 1 2 052 g/ 2 2 032
’7Tp3/2 1 2 -0.11 nglz 2 4 0.31
’7Tp3/2 2 4 -0.11 ’7ng/2 3 3 -0.10
’7Tf5/2 0 0 -0.81 [7799/2,(1/31/2,Vd5/2)2]l3/2 0 0 -0.13
[Wp1/21(V51/2:Vd5/2)2]5/2 0 0 011 :|.5/2:|J_r ’7ng/2 2 4 073
7/2; P32 1 2 -0.45 7TJ9/2 3 3 -0.50
’7Tp3/2 2 4 -0.28 ’7ng/2 3 4 0.15
7Tf5/2 1 2 -0.79 7J9/2 3 6 -0.20
7Tf5/2 2 4 -0.17 7TJ9/2 4 4 0.13
[7Tf5/2,(VSl/2,Vd5/2)2]7/2 0 0 -0.13 [nglz,(vsllz,Vd5/2)2]11/2 1 2 0.17
9/ZI P12 2 4 0.49 [7799/2,(1/31/2,Vd5/2)2]l3/2 2 2 0.11
P32 2 4 0.69 [ 709/, (¥972)?2]11/2 1 2 -0.10
P32 3 4 -013 17/2] m992 2 4 -084
7Tf5/2 1 2 0.11 ’7ng/2 3 4 0.34
7Tf5/2 2 2 -0.24 7TJ9/2 3 6 0.22
7Tf5/2 2 4 0.27 [ng/z,(VS]_/z, Vd5/2)2]13/2 1 2 -0.19
it 3 4 -012 [ TG0, (¥G712) 22]13/2 1 2 014
[ P12, (VSyyp, vds)) 2]5/2 1 2 0.12 [ 7992, (vh11)?2]13/2 1 2 0.12
[7Tp3/2,(1/51/2,1/d5/2)2]5/2 1 2 012 :|.9/2:|J_r [ng/z,(Vd5/2,1/g7/2)3]15/2 1 2 016
11/2; [7Tp1/2,(Vd5/2,Vg7/2)3]7/2 1 2 -0.12 [ng/z,(Vd5/2,1/g7/2)3]15/2 2 2 -0.12
[7Tp1/2,(Vd5/2,Vg7/2)4]9/2 1 2 —035 [7Tg9/2,(Vds/z,Vg7/2)4]15/2 1 2 —024
[’7Tp1/2,(Vd5/2,1/g7/2)5]11/2 0 0 -0.74 [ng/z,(Vd5/2,1/g7/2)4]15/2 2 2 0.15
[Tl'pl/z,(Vd5/2,1/g7/2)5]11/2 2 0 -0.12 [ng/z,(Vd5/2,1/g7/2)4]17/2 1 2 0.30
[7Tpl/2,(Vds/z,Vg7/2)6]13/2 1 2 032 [’ﬂ'gg/z,(Vd5/2,VQ7/2)4]17/2 2 4 —015
[7Tp3/2,(1/d5/2,1/g7/2)5]9/2 1 2 0.12 [’7Tg9/2,(Vd5/2,1/g7/2)5]17/2 1 2 -0.22
[7Tp3/2,(Vd5/2,1/g7/2)5]13/2 1 2 011 [ng/z,(Vd5/2,1/g7/2)5]17/2 2 4 013
[’7Tf7/2,(Vd5/2,Vg7/2)4]11/2 0 0 -0.11 [nglz,(Vds/z,Vg7/2)5]19/2 0 0 0.56
[7Tf7/2,(1/d5/2,Vg7/2)5]13/2 1 2 0.13 [’7Tg9/2,(Vd5/2,1/g7/2)5]19/2 1 2 -0.28
[7f7, (vde,vg72)5]15/2 1 2 013 [ Qo (vds,v972)5]19/2 2 0 0.18
27/2; [’ﬂ'gg/z,(Vg7/2,1/h11/2)7]23/2 1 2 0.12 [ng/z,(Vd5/2,Vg7/2)6]19/2 0 0 -0.26
[ng/z,(Vg7/2,1/h11/2)9]27/2 0 0 -0.75 [ng/z,(Vd5/2,1/g7/2)6]19/2 1 2 0.17
[ng/z,(Vg7/2,Vh11/2)9]27/2 1 2 0.57 [7ng/2,(Vd5/2,Vg7/2)6]21/2 1 2 -0.30
[’/ng/z,(Vg7/2,1/h11/2)9]27/2 2 0 -0.12 [ng/z,(Vd5/2,1/g7/2)6]21/2 2 4 0.13
[7Tg9/2,(Vg7/2,Vh11/2)9]27/2 2 2 0.13 21/21r 7TJ9/2 3 6 0.38
[7799/2,(V97/2,Vh11/2)9]27/2 2 4 -0.18 7J9/2 4 6 -0.13
9/2]4_r 7ng/2 O 0 084 [ng/z,(Vd5/2,Vg7/2)4]17/2 1 2 —012
792 1 2 -0.49 [ng/z,(Vd5/2,1/g7/2)5]17/2 1 2 0.11
7092 2 4 0.12 [ng/z,(Vd5/2,1/g7/2)5]19/2 1 2 -0.18
5/22— ’7Td5/2 0 0 0.10 [7ng/2,(Vd5/2,Vg7/2)6]21/2 0 0 -0.24
7092 1 2 0.80 [ng/z,(Vd5/2,1/g7/2)6]21/2 1 2 0.10
99/ 2 2 -052 [ 799/, (¥972)?2]13/2 2 4 -012
TG/ 3 3 015 [ 7Gos2, (vG72) 2411712 1 2 022
[nglz,(vsl/z,Vd5/2)2]5/2 0 0 0.11 [7799,2,(1197/2)26]17/2 1 2 0.10
7125 TG 1 2 o001 [ 7Ges2, (vG72)26]21/2 0 0 -058
T0os 2 4 -0.30 [ 7992, (¥Q7/2)?6]21/2 1 2 0.41
[7Qgs2, (vS1)p, vdsp) 21712 0 O 0.16 [ 9o, (vY7)%6]21/2 2 0 -011
11/27 092 1 2 0.79 [ 709/, (¥972)?6]21/2 2 4 -012
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FIG. 1. Calculated states iffY of (a) positive parity andb) negative parity in comparison to the available data. Above 2 MeV of
excitation energy only the calculated yrast states are shown and, in the energy interval between 2 and 3 MeV the caléutaidd3/22
states(dashed lines Calculated states are tentatively assigned to the experimental levels.

IBFBPM parameters for these two isotones. We found thafng |7p,,,12;7/2 and|7psp,,24;9/2 as the largest com-

the parameter values are mutually consistent. The main difponents. However, between the D/and 11/Z calculated

ference lies in quasiproton energies and occupation pr(?bs'tates there appears a band crossing: the ;1ld@ite,

abilities, reflecting the presence of two additional protons in i ) - ~
9Nb. Consequently, thergy, quasiparticle in°’Y lies based on the three-quasiparticle stdtep,,, (vdsp,
abovewﬁl,z, and in®**Nb below. The boson core parameters ng)s]ll/.T’. is lowered bglow_ the states based on compo-
for %Nb are similar to those used here f8fY. with the n_ents contalnlng one-quasiparticle states. All the calculgtg-d
boson parametenl slightly shifted down from ,0.815 MeV higher-lying yrast states are based on components containing

to 0.715 MeV. This shift is in qualitative accordance with an three-quas.lpartlcl.e states. . .
additional departure from the doubly-subshell closure in Qf parﬂ_g:ular:nterest Is the 2712 stgte havmg the
%Zr, Furthermore, the monopole boson-fermion interaction[ ™9or2. (¥9712,vh1199]27/2") three-quasiparticle state as
term was increased from 0.02 MeV to 0.06 MeV, remainingthe largest component (56%), while the 25/and 23/2
small in magnitude. All other parameters have the samétates lie above itsee Fig. 1(b)]. Thus, the 27/2state can-
value in both nuclei, including the boson-fermion dynamicalnot decay byE2 or M1 transitions.
and exchange interactions. Thus, for the so far investigated The calculated positive-parity states 2j3/2 25/2; ,
%%y and *Nb isotones IBFBPM parameters appear mutually27/2; , 29/2", and 31/2 also lie above the calculated 27/2
consistent. state[see Fig. 1(a)], and thus the 27/3tate cannot decay
by E1 or M2 transitions either. On the other hand, the 1/2

IIl. DISCUSSION state based on thergo, (¥g-,)26]21/2" configuration is
_ _ _ ) closely lying below the 27/2 state. Thus, the calculated
The calcula_\ted low-lying negatwe—panty triplet 1/2 27/2; state is an isomer decaying by tB8 transition to the
3/2;, and 5/Z is based on the one-quasiproton stat®&,2,  close-lying 21/2 state. This is in accordance with the prop-
TP and 7 fgp,, respectively. The admixtures of compo- erties of the experimental 3523 keV (27)2isomer which
nents containing three-quasiparticle states are very smalnly decays into the 3361 keV (217p state[6] and to °'Zr
P3(1/2,)=0.002, P3(3/2;)=0.008, andP3(5/2,)=0.029, by allowed Gamow-Telleg decay[29]. In Ref.[6] it was
showing that these states have an approximate IBFM strugroposed that the most reasonable choices for the configura-
ture. Of similar character are the 7/2nd 9/Z states, hav- tions of the 3523 keV isomer and of the 3361 keV level
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TABLE Il. Calculated E2 and M1 transitions between the
positive-parity yrast states fot’Y in comparison to the available
1.0 experimental branching ratios. The assignment of th§ Zate,
however, is questionablsee texk
0.9
Ji—J B(E2) B(M1) I,
0.8 () () (e°b?) (1) Expt. Theory
5127 —9/2f 0.109 - 100 100
07 11/2; ~9/27  0.27 0.144 100 100
712 —11/2f 0.001 - - 0.0
~°° —5/27  0.025 0.308 20 0.4
o —9/2f 0.057 0.224 100 100
o 05 13/2 ~11/20  0.014 0.197 37 10
—9/2f 0.103 - 100 100
04 15/2 ~13/2%  0.056 0.087 - 50
—11/2f 0.092 - 100 100
03 17/2F —15/2 0.017 0.250 6 36
_>13/?_1r 0.150 - 100 100
02 17125 - 1712 0.031 0.002 58 0.1
—>15/21r 0.044 0.124 100 100
0.1 —13/2 0.001 - - 2
. 19/2f—> 17/2;r 0.000 0.0001 53 1
00 178 5 7 9 1113 15 17 19 21 23 25 27 20 81 33 —17/2 0.000 0.002 100 100
2J —>15/21r 0.0001 - - 32
. . 21/2F 1912 0.013 0.184 19 172
FIG. 2. Total weight of components containing three- rd
quasiparticle states in the yrast and yrare states of positive and -1z 0.001 B 9 !
—17/12% 0.031 - 100 100

negative parity. Solid line: yrast states of positive parity; dashed
line: yrast states of negative parity; dot-dashed line: yrare states of
positive parity; dotted line: yrare states of negative parity.

9%Y. Thus, bands in Pd isotopes are based orlévels[30]
which were interpreted in terms of thed,,vh1,-)9~ con-
figuration. In these cases, the energy difference between the
6" and 9 levels is of the order of 1 MeV. The experimental
~—6" energy differences if®Sr and %8zr, the even-even
neighboring isotones ot’Y, are unknown, but it was pointed

are |[79ep2,(¥972,vN1199127/27) and [[7Qg, (vdsy2,
vg7,,)6121/2"), respectively. Depopulation of the 3523 keV
isomer was thus attributed to théh,,,,— vds;, E3 transi-
tion. In the present IBFBPM calculation the main componen
in the 27/2 wave function is in accordance with the above

prediction, while the 21/2 wave function contains two size- out [6] that the values of 2.58 and 0.96 Md@1] for the

able~ CEmp‘;”e”tS with zero  d boEons: 1hy1o— 38y, and Ag,—3sy, Single-particle energies, re-
{79912, (v972)°6]21/2,00;21/2) (34%) and |[mJe2,  spectively, in®Zr and %Zr make it improbable that these
(vdsp,07,)6121/2,00;21/2) (6%). However, because of states are very close. It was concluded therefore, that a rather
reduction of the spin-flip matrix eleme(g /| Y| h11), the ~ Strongly attractive interaction between thgg, proton and
|eading contribution in IBFBPM too comes from the the neutrons in the 9 broken p_alr ShOU'd be present Ay, .
VR 11, vds), E3 transition, in accordance with the interpre- The present IBFBPM calculation gives a small energy split-
tation made in Ref[6]. ting between the 27j2 and 21/2 states(0.11 Me\), in

Furthermore, in Refl6] it was argued that the state based @ccordance with the experimental value. _
on [7G e, (¥3712, ¥P11)8]25/2 configuration should lie The cglculatlon also predicts the possible existence of yet
above the 3.523 MeV isomer. This is in accordance with theanother ISomer bglow the 27/2state. Namely, the 1712
IBFBPM calculation(see Fig. 1, where the 25/2 state, hav- and 15/Z states lie above the close-lying doublet of 19/2
. ~ ~ = and 21/Z states. Thus, the calculated 19/2nd 21/2
ing [[7Q9,(¥972, h119)9]25/2,00;25/2) as the largest o
component59%), lies 0.26 MeV above the calculated 27/2 states pannot decay 52 or M1 transmgns. Nevertheless,
isomeric state A,\nothe} interesting point is a remark in Refthey might decay via a hinderdzll transition to the lower-

. . + e .

[6] stating that the small energy difference of 0.162 MeV1ylng 19/27 and 17/4 positive-parity states.

Finally, let us comment in some details on the positive
between the (27/2) and (21/) states of the proposed na- _Parity states calculated in IBFBPM. As seen from Fi¢p)1

ture is remarkable, because one would expect an energy dif- . _ e
ference of the order of 1 MeV on the basis of properties o;w ;Zfbtallr; /t;eAJl? /; poilg)/; pagtly/ZP anc_jthIl“Z,f' 13/? ’
the core. Namely, in some other even-even nuclei in this->24 - ’ 1 1 1. INe Tirst five

mass region the 9 states exist at energies which are com-States are based on the CO”fiQU@tiOPSEg/z,OOi9/3:
parable to the excitation energy of the observed isomer iNmgq,,12;11/3, |7dg,,12;13/2, |mdgp,24;15/2, and
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| mQer2,24;1712, respectively, bearing a characteristic of the ~Above the 29/2 state there appears a triplet of close-
SU(5) (i.e., quasivibrational pattern. The states 1g/2 lying states 25/2, 23/, and 27/2 , which are based on

and 21/2 are based on the[mQggp,(vdsp,vg7,)5]  the |[W§9/z,§fﬁn/2)38]25/2+>1 [[7Ggr2, (vh11/728]
19/2,00:19/2 and |[7G ez, (¥3712)26]21/2,00;21/2 three- 23/2"), and|[ 7Qg, (vh11,)210]27/2") three-quasiparticle

quasiparticle components, respectively. Although the orderconfigurations, respectively. ,
ing of levels up to 21/2 is the normal one £J=1), the Let us now discuss the 1/2and 3/2 states in the energy

branching ratios look characteristic of the multiplets associ—'merval between 1.8 and 3.0 MeV. Our calculation gives

) nine stategfour 1/2" and five 3/2 ; see Fig. 1a)], which is
ated with the S(B) boson core. Namely, the 1%/2and in rather good agreement with six experimentally™1/2/2"

13/2; state arise in leading order from odesoson multip- states observed by decay of I"=1/2" %7Sr [32]. The

let, and thus in the leading order the 13/211/2] E2 tran-  weights of components containing the three-quasiparticle
sition is of aAny=0 type and therefore hindered, while the states areP3(3/2f)=O.101, p3(1/21+):o_093, p3(3/22+)
13/27 —9/2] E2 transition is of theAng=1 type and there- =0.103, P4(3/2])=0.126, P4(1/25)=0.125, P4(3/2})

fore allowed. In accordance with this leading order predic-=( 132, andP3(1/2})=0.134. Although the components
tion, the calculated®(E2) (13/2' —9/2) value is sizeably containing one-quasiparticle states are dominant, the compo-
larger thanB(E2)(13/2 —11/2) and therefore the stron- nents containing three quasiparticles have an essential influ-
gest branch depopulating the 13/tate is 13/2—9/2] , in  ence in compressing these group of low-lying 1/3/2"
accordance with experiment. A similar situation appears fotevels.

the 15/2 and 17/2 states which arise in the leading order ~We note that the theoretical assignments of levels shown
from a twod-boson multiplet, and consequently the stron-in Fig. 1 and Table Il are based on the presently available
gest branch depopulating the 17/3tate is 17/2—13/2,  experimental datg33]. However, the 1428 keV level which
being of Ang=1 type in the leading order. For the sameWas discussed as being the 7/Znember of the 2®gq,
reason, the main branch depopulating the j5&ate is multiplet[34], is a very probable'SI'Zstate according to our
15/2f —+11/2 . However, the change of pattern appears for"eW data[35]. Thus, the theoretical 7{2level was not ob-
decay of 19/7 state containing a three-quasiparticle state inS€rved. Furthermore, the experimental level at 1738 (e

the dominant component. In our calculation this leads to &£reSented in Fig.)lis probably 3/2 with either parity, and
sizeable hindrance of tHE2 andM1 transitions depopulat- could be associated with the @‘/Zheoret]cal level that we

ing this level, but because of th®11 contribution the Nave not assigned to any known experimental level. Calcu-
19/2F —17/2 transition is stronger than the 1¢/2-15/2 . lations in IBFBPM for ™Nb and correspondence Y

Sizable reduction of transitions depopulating the calculatedt™ongly support a 3/2 assignment, but the experimental

19/2 is a consequence of relatively small mixing of one- €vidence is rather speculative.
and three-quasiparticle components. If, however, the experi-
mentalE2 decay of this state turns out to be stronger than
predicted here, this would point out to a shortcoming of our
parametrization and/or the influence of more complex terms
in the interaction. In any case, the change of predominant
AJ=2 branch for depopulation of the states wth<2%] The present calculation of the nuclear structure of the
into theAJ=1 branch for depopulation af; =% may be  transitional nucleus®Y reveals an interplay of one- and
attributed to the onset of more important role of three-three-quasiparticle states in the framework of the interacting
quasiparticle states in the 19/2Nave function. As to the boson fermion model. In particular, we obtain theoretically a
decay pattern of the 21f2state, both the 21{2-19/2f and ~ band crossing between the 9/Zand 11/2 states for the
21/27 —17/27 branching ratios are comparabiéhe first ~configurations based on components containing one-
transition is even stronger while experimentally the duasiproton to the configurations based on components con-
21/27 —19/2 transition is five times weaker than the f@ining one-quasiproton-two-quasineutron components. Si-
21/2; —17/2 . This discrepancy indicates that the calcu-Multaneously, the present calculation predicts the 27/2

latedB(M 1) (21/2 —19/2) value is by almost an order of isomeric state decaying predominantly Bg transition into
magnitude too large. This might indicate that the the 21/7 state, in accordance with experiment. The calcula-

~ ~ ~ . tion also reproduces a small energy splitting between the
702 ¥dsz 72 COMponents in the 19/2and/or 21/¢ 27/2; and 21/2 states. The general agreement between the
states are too large.

i _present IBFBPM calculation and experiment is reasonable. It
_Abov.e Lhe 21/2hs_ta;1te tlhe normal-type b_and s;:VL;]gtL;]rg s also interesting to compare the structure of the isotones
minates: the next higher-lying yrast state is 29/2vhich is 9%y and %Nb. Detailed comparison of’Y and %Nb levels

based on th§ gy, (vh11,)?10]29/2") three-quasiparticle  will be published along with new experimental data fab
configuration. This calculated state decaysHdy transition  [35].
into the 27/2 state. This transition proceeds via small ad-
mixtures in the wave function containing the g, or vhg
configurations from the shells below or above the valence
shell, enabling the/h 1/, vgg), or vhe,— v, E1 tran- Part of this work was supported by the Academy of Fin-
sitions. Consequently, this transition may be highly hinderedland.

IV. CONCLUSION
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