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The ground and low-lying states of neutron-rich exotic Te and Sn isotopes are studied in terms of the nuclear
shell model by the same Hamiltonian used for the spherical-deformed shape phase transition of Ba isotopes,
without any adjustment. An anomalously small value is obtained(&2 ; 0; — 27) in 13¢Te, consistent with a
recent experiment. The levels 5¥Te up to yrast 12are shown to be in agreement with observed ones. It is
pointed out that*®Te can be an exceptionally suitable case for studying mixed-symmgtgf,land 3 states,
and predictions are made for energies &l andE2 properties. Systematic trends of structure of heavier and
more exotic Sn and Te isotopes beyotiTe are studied by the Monte Carlo shell model, presenting an
unusual and very slow evolution of collectivity/deformation.
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I. INTRODUCTION In Sec. IV, the calculation methods will be briefly given an

_ o overview. The structure of the exotic nucletTe will be
The nuclear collective motion is one of the central prob-yiscussed in Sec. V. with more specific discussions on

lems of nuclear structure physics. In the nuclear shell mOdehwixed-symmetry states in Sec. VI and on magnetic and
a medium-heavy nucleus has many valence particles ang,adrupole moments in Sec. VII. Predicted systematic trends

these particles move collectively in a large single-particleyij pe presented in Sec. VIII. A summary will be given in
space. Because such a collective motion is dominated bgq. |x.

quadrupole correlations, the corresponding states are referred

to as the quadrupole collective states. It is of great interest

how such quadrupole collective states are formed as one sails ||, EXPERIMENTAL SITUATION AND EMPIRICAL

to more exotic regimes on the nuclear chart. To explore this, RULES OF QUADRUPOLE COLLECTIVE STATES

a plausible approach is to adopt a Hamiltonian confirmed for _ ) _ )

its validity in and near stable regimes and apply it to un- Certain basic properties of the quadrupole collective

known regimes. As such an attempt, in this paper, we shafftates can be well described empirically by simple phenom-

discuss the structure of exotic Te isotopes with the neutrofnological models. For example, the systematic relation be-

number(N) exceeding 82. Because the proton numi@ris tween th'e. excitation energy of the first &ate,E,-, an.d the

52 in Te isotopes and there are two valence protons withE2 transmon strength from the gr_ound Btate to the first 2

respect to thez=50 closed core, there should be certainState, i.e.B(E2) 1, has been studied wefil,2]. One of such

proton-neutron correlations in such Te isotopes. A reCenpsefulf_orm_ulas_for this relation is the modified Grodzins rule

quantitative assessment of their structure, however, showgl, Which is written as

rather peculiar tendencies as will be presented. At o 152 0—2/3

This paper is organized as follows. We shall survey ex- B(E2;0" — 27) = (2.57 £ 0.45E,. Z°A™", (1)

perimental situations and related empirical rules in Sec. Il. INyhereE,.[keV], Z, andA denote the excitation energy of 2

Sec. lll, the shell-model Hamiltonian to be used is explamedstate, the atomic number, and the mass number, respectively.
It has been confirmef®] that a family of the Grodzins rule is
extremely successful.

*Electronic address: shimizu@nt.phys.s.u-tokyo.ac.jp Another approach of the phenomenological relation can
"Electronic address: otsuka@phys.s.u-tokyo.ac.jp be found in the systematic relation between the aliR(\E?)
*Electronic address: mizusaki@nt.phys.s.u-tokyo.ac.jp value andNyN,, whereN, and N,, denote the numbers of
SElectronic address: m-honma@u-aizu.ac.jp valence protons and neutrons, respectivigy5]. Particu-
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larly, it has been stressed in Ref4,5] that thisB(E2) value  tonian for the shell-model calculations are taken from exist-
can be given quite well as a function of the quantiN,.  ing ones, which have been used successfully for a systematic
Since thisNyN, rule is quite robust in nuclei on and near the description of the shape phase transition in Ba isotopes from
B-stability line, it is of great interest whether or not this N=82 to 92, which was already mentioned ab¢8¢ The
B(E2) value still follows this rule, also in exotic nuclei far pairing correlation arises from the interplay between the
from the B-stability line. single-particle energies and the pairing interaction.

While such empirical rules are successful to a good ex- This shell-model Hamiltonian is different from the one
tent, an exception has emerged in an experiment that exsed by Covello and co-workef§]. In fact, they derived a
tended the experimental feasibility. Namely, the anomalouslyealistic effective interaction from the bare nucleon-nucleon
small B(E2;0; — 2;) value of 1*Te has been observed re- (NN) interaction.
cently by Radfordet al. [6]. The B(E2) value provided by The present single-particle model space consists of the
the modified Grodzins rule, Eql), is 0.448) €2 b?, which is valence orbits in th&=50-82 proton shell and those in the
far from the experimental value, 0.13) €? b? [6]. The E2 N=82-126 neutron shell. The Hamiltonian we shall use is
transition rate is one of the most direct measures of the quadomprised of the three parts,
rupole deformation, and the fact that the rate e devi- H=H +H +V )
ates this much from the empirical rules is a challenge to the T
microscopic description of this nucleus. whereH,. (H,) means the protomeutror) Hamiltonian and

Figure 1 shows observeB(E2;0; — 27) values of Sn, Te, V_ denotes a proton-neutron interaction. THe (H,) in-

Xe, Ba, and Ce isotopes. Near the center of F{@ Where  cludes proton(neutron single-particle energies and a two-
N=82, the B(E2) values are small, reflecting spherical hody interaction between valence protofreutrons. The
ground states. This value grows rapidly as one increases thgoton (neutron single-particle energies are taken from ex-
number of neutron valence particles or holes. Theoreticaberimental levels of**Sb (*33Sn) [10] ([11]). These single-
values for Ba isotope§8] are shown in Fig. @), demon-  particle orbits and their energies are shown in Fig. 2.
strating a rapid increase of tH&(E2) value in agreement ~ The two-body interaction includes the monopole and
with the experimental values. The theoretical values werguadrupole pairing interactions and the quadrupole-
obtained by the Monte Carlo shell mod&ICSM) with the  quadrupole interaction. The values for protgneutrons are
pair bases for a standard shell-model Hamiltorji@h The ¢©=0.210.13 MeV, ¢?=0.220.149 MeV, and @
calculatedB(E2) values of Ba isotopes are proportionaNg

in the first approximation as suggested by Casten and Zamfir 4r
[5]. However, theB(E2) value for **Te is only slightly
larger than the value fdr*Te, in contrast to the trend of Ba | 3syp
isotopes. As to theoretical approaches, Covello and co- _ === iy,
workers made shell-model calculations based on a micro- 3 20sp2 of
scopic interaction as reported in Rgd], and Terasakét al. 3 2 3;’:72
have discussed this problem in terms of the quasiparticle 2 oo
random phase approximatig@RPA), while the pairing cor- o | 2 3
relations are put in from the observed pairing ¢ap Parz
o 1970 —— 26y ——— 1
IIl. SHELL-MODEL HAMILTONIAN proton neutron
We study the structure of nuclei arountfTe using the FIG. 2. Proton(left) and neutron(right) single-particle orbits

nuclear shell model. The single-particle space and Hamiland their energies. The energies are taken from experirfledy].
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=-0.00020.0002 MeV/fm*, where ¢g©, g@, and f? are

strength parameters of the monopole and quadrupole pairing exp.
interactions and the quadrupole-quadrupole interaction, re- 10r

spectively[8]. The interaction between a proton and a neu- S

tron is assumed to be of quadrupole-quadrupole type with its

strengthffiz—o.oom MeV/frnt [8]. Although the present .
shell-model Hamiltonian is schematic to a certain extent, it 0.0  — e 0
has been tested as being successful in reproducing quadru-
pole collective states of Ba isotopes over the shape phase
transition. It is of a great interest to see whether such a

cale
Hamiltonian can be still valid for the study of the anoma- 10}
lously smallB(E2) value of **Te. R ot
We use the same effective charges as in the calculation for l
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Ba isotopes: effective charges agg=1.6e ande,=0.6e for
proton and neutron, respectively. We calculate magnetic tran- 0.0L T . 0*
sitions with standarg factors as we shall show later. (b) ¥Te Te 13480

FIG. 3. Excitation energy of 2and B(E2) of *****%e and
IV. CONVENTIONAL AND MONTE CARLO 1343, The upper part is obtained experimentdb], while the
SHELL-MODEL CALCULATIONS lower part is calculated by the present work. The arrow widths are

The structure of the nucled®Te is studied by the con- Proportional to the3(E2) values.
ventional shell-model diagonalization for the Hamiltonian
discussed in the preceding section. TheAsH code is used SIT; => a,-[ch % ch](O), (4)
[12]. i

For heavier Te isotopes, however, a larger dimension of

T . .
the Hilbert space prevents us more and more severely fmlwhelre Cj (tj_elnotei_t_he c(;eat!og_ oqerator of al_tngutro_n_ In-a
diagonalizing its Hamiltonian matrix. In order to overcome single-particle orbi§, and« indicates an amplitude giving

: s the proper normalization of the stdf,). The values ofy’s
such a growing difficulty, the MCSM has been prOposedare determined by the diagonalization of the Hamiltonian

[13-193, which enabled us to apply the large-scale shell- ) : . .
model calculation also to the collective states of the mediummatr'x' The ground state wave function BfTe is written

heavy nuclei. For the study of quadrupole collective states ir§|m|larly as

even-even nuclei, the most crucial dynamics is the competi- IS,y =S!-), (5)
tion between the quadrupole deformation and the pairing cor- .~ .

relation [16]. In order to handle such situations, the MCSM With S; defined corresponcimgly. .

with pair bases has been introduced and has been success-Likewise, the 2 state of*Sn is provided by a 2state of
fully applied to the description of the shape phase transitiodW0 neutrons, calle%v pair, on top of the"*?sn core. Simi-
in Ba isotopes wittN>82 [8]. In addition, even to the case larly, the 2 state of***Te is given by theD,, pair. TheseD
of 1*Te, MCSM has been used for the analysis of pair strucPairs are created by the operators,

ture, because thexsasH code does not have such a capa-

bility. Dy = 2 By le] X ¢ 1w, ©®
We note that a preliminary and very brief report of a part I
of the following results has been presented in RE&T). where the subscriptr or v is omitted for brevity, M means
the z component of angular momentum, agg, stands for
V. LEVELS OF 136Te amplitude. The values oB;;, are determined by the diago-

. _ . . nalization of the Hamiltonian matrix for the stat®)y
e e first discuss how the,0and Z wave functions of -~ =pf,|-), so that it is properly normalized. We shall orivt
°Te are constructed. Figure 3 shows tHel@el of *Te,  nereafter because it is not essential. THes@dD pairs are
together with those of**Te and"*‘Sn. The nucleu$®Te has  ysually called collective pairs, because they are comprised of
two valence protons and two neutrons, while the neighboringoherent superposition of various nucleon pairs, although the
nuclei, ***Te and**'Sn, have two valence protons or two coherence can be modest in the following cases.
valence neutrons, respectively. We analyze wave functions of Figure 3 shows that the first*2level is quite well

the q and % states in terms of shell model with these va- reproduced by the present Hamiltonian. '|'B(E2,0I_>21')

lence nucleons. _ - value is 0.096€?b? and 0.027€?b? for **Te and*3*sSn,
The ground state wave function 6¥Sn is written as respectively. Experimentally, only the former is known as
1s,)=S-) 3) 0.09612) € b? [6], in a reasonable agreement with the

present calculation and also with the results in RE#s9].
where|-) indicates the inert coré.e., 1**Sn) andS| denotes  For ***Sn, theB(E2;0; — 27) value becomes 0.03& b? in
the creation operator of a pair of valence neutrons coupled tthe shell-model calculation by Coraggit al. [18], whereas
the angular momentum 0. TP@ operator is defined as the QRPA result by Terasakit al. [9] gives a considerably
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smaller value. The present value is in between and closer to .
the former one. The Nilsson result in R¢8] seems to re- a0l 12—
semble the two shell-model values. ] SV T
The shell-model wave functions of the’l',ozz, and gzr — v
states of**Te can be written as R .
0= 0.91X |S, X S,y + -+, ) 5 2.0 + :
= —{2) ] o*
] +_ ---------------------- —$~—
125)=0.82% D, X S,)+0.45% [S, X D)+ ---, (8) & e = .
o A" oLl _
|2§>:038X |DV>< Sﬂ'>_0-76>< |SVX Dﬂ_>+ e (9) S »F
where “--" means other minor components aff§, x S,) . l l '
=g/s!|-), etc. Equation(7) implies that the {) state is ac- 0.0 0 o — ]

counted for by the statkS, X S,) up to 83% in probability.

Moving to the first 2 state, Eq.(8) indicates that the FIG. 4. Level schemes of®Te obtained by the experiments
probability of the componeriD, X S,) is larger by a factor 5 2123 and the present shell-model calculation. The solid arrows
of about four than that oS, X D). This asymmetry is rather jngicate E2 transitions with widths of proportional to thB(E2)
unusual for the first 2 state of nuclei with open shells for yajues [note that calculatedB(E2; 2] —0;)=0.030 €2b?]. The
protons and neutrons; strong proton-neutron couplings Mixashed arrows represetl transitions with widths of proportional
protons and neutrons more equally in other usulahybe to theB(M1) values(see the test
stablg nuclei, giving rise to a more symmetric superposition.
Figure 3b) shows that the excitation energy of tBe state
measured frontS, is 0.76 MeV, which is about 0.45 keV gaps[9.

'9"Ver than the excitation .enerqgt.Zl MeV) of the D, rella- We shall move on to higher states, as one of the advan-
tive to thes, state. The origin of the above asymmetry in Ed. (5565 of the shell-model calculation is the capability of
(8) is nothing but this difference in the excitation energies Ofstudying higher and/or side states. Figure 4 shows a level

D, and D,. If the proton-neutron correlation is strong ¢.hame of6Te as compared to experimei®,21-23. The
enough, such a difference is overcome, and protons and neHVen—spin yrast levels are shown up to" 1Zhe excitation

trons move in coherent manners as is the case, for iNstancgyqrqy is well reproduced, while the levels somewhat deviate
with heavier Ba isotopes with the same Hamiltoni#). () the 4 8" and 10 states. The calculated® 4evel is

Howgv?grérbecause of fewer valence nucleons, this is not thgjgher mainly because the Hamiltonian was designed not to
case In—1e, .and Fhe_dn‘ference betweeq proton and NeutroR,cjyde the hexadecupole pairing, for simplicity. Thesate
remains crucial, yielding the asymmetry in the wave fun.ct|onis comprised mainly of the ‘Bpair of neutrons in 2, and

in Eq. (8). The small excitation energy of thB, state iS  he 5 pair. Since this state has nothing to do with the hexa-
clearly ((jolfe to the weaker monopole pairing between neugecnole pairing, it exhibits a good agreement to experiment.
tr(zcr);s_ (g™=0.13 MeV) than the pairing between protons e g and 10 states, on the other hand, should contain 4
(g™=0.21 MeV). Although the quadrupole pairing interac- hairs in their wave functions resulting in certain deviations.
tion follows the same trend and the difference in the monoTnhe difference of wave function contents between thard
pole pairing is partly canceled by the quadrupole pairing, thes+ states should be the origin of the almost vanishig)

al. obtained by a QRPA calculation using observed pairing

This asymmetry in Eq(8) decreases the proton-neutron
. " +
coherence in theée2 transition from the ground to the; 2 VI. MIXED-SYMMETRY STATES IN  36Te
state, resulting in a weakdf2 transition. In addition, the
dominant weight of theD, X S,) state makes thé(E2) The structure of the 2state is quite interesting. Equation

value further smaller because of the small effective chargé€9) shows that this state contains considerable amount of the
(0.6e) for neutrons. ThusB(E2;0;—2;) value becomes [S,XD,) state as well as|D,XS,) with the opposite
0.15€? b? for 1*Te. This value is larger than tHé*Te value  signs. The stat§D, X S)—|S, X D,)}/\2 is clearly antisym-
only by a rather modest factor, about 1.5, consistently withmetric with respect to interchanges between proton pairs and
the experimental observation. In fact, this value appears to beeutron pairs, and is called a mixed-symmetry sfate-24.
slightly larger than the experimental value, 0.0 €’b?,  Although the mixed-symmetry states are defined with the
reported by Radforét al.[6]. On the other hand, the present IBM-2, the bosons and the collective pairs can be mapped
value is smaller than the theoretical value, 0&%? by onto each othef24-27, and the concept of the mixed-
Covelloet al. [6], although their calculation was made basedsymmetry states will be used in this context. Thes2ate

on a fully microscopicNN interaction[19]. We note that a [|2;) in Eq. (9)] is dominated by this mixed-symmetry state
smaller value, 0.16? b?, has been reported later in RE20] up to 65%. Its excitation energy is about 1.5 MeV, as shown
by the same authors as those of Héf.as a result of a more in Fig. 4. The mixed-symmetry states lie usually in the en-
consistent calculation still within the same microscopic inter-ergy region of high level density, and therefore it is difficult
action. The present value is closer to the value by Terasaki to identify them. In the present case, the situation may be
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more favorable for its identification. The2:2] M1 transi- 20—
tion is rather strong witB(M1)=1.04 2, and dominates the i
2,— 2] transition becausé(E2;2,—2;) is as small as i i 7
0.001€? b2 This is a consequence of the fact that thead = ] <JIQulIlI>
2, states have opposite proton-neutron phase confeats S 20
Egs.(8) and(9)] and theM1 transition has a strong isovector v <JIQull=
part. While there are several tentative2ates in experiment 40
in the energy region of the calculatedl @ate, the lowest one 20
is indicated in Fig. 4. The calculat®(E2;0; — 2;) is 0.03 -
€?b?, which is one fifth of theB(E2;0;— 27), due to the o °
cancellation between proton and neutron contributions. > I Q-
X ; L. _o0 moment

The calculated jland 3 , states are shown also in Fig. 4. o |
The relevant mixed-symmetry states are of the type _aok
X D). Namely, if|D,) and|D,) are coupled to an odd an- I l
gular momentum, the wave function becomes antisymmetric 27 1 27 47 67 8 10, 12,
with respect to the interchange betweén,) and|D,) and yrast |
can be called of mixed symmetf4]. The I state has the Ji

overlap probability of 76% with théD,x D,;J=1) with J

being the total angular momentum. The corresponding prob- FIG. 5. Calculated reduced quadrupole matrix elements of pro-
ability is fragmented as 23% and 51% for the @&nd 3 tons ((3[Q,[J) and neutrons((3*|Q,|J*)) [fm?] and spectro-
states, respectively, and both of them are shown in Fig. 45copic electric quadrupole momerjtsfm?] for %Te. The states
The excitation energies ofland 3|D, x D,) states are ex- are, from left to right, 2, 27, 4, 6;, 8, 10}, and 17.

pected to be about equal to the sum of the excitation energies _ .
of the Z and 2 states, as is true for the IBM-2 cases without 9s,.9sr) =(~2.674, 3.908 The spin factors are quenched
so-called Majorana interactiof25]. This feature is main- PY @ factor 0.7 from the free spig factors, (gs,.dsy)
tained in Fig. 4 despite mixed impurities in actual eigen-=(~3-82, 5.58. We now discuss the magnetic dipole mo-
states. ment of the 2 state of***Te. The wave function in Eq8)

The calculatedB(M1;0! —1}) turns out to be 1.142, ~ SUJYests that the two valence neutrons in this state are
which is rather strong as a measure of mixed-symmetr;?OUpled primarily to the angular momentum two, while the
states, although thib11 transition contains a spin transition WO valence protons are coupled mostly to zero. The mag-
as well as an orbital one. There are many experimental leveRetic moment of the Pstate, therefore, comes mainly from
in the same energy region, but they are not shown in Fig. Jpeutrons. On the other hand, the orbital and gpfactors of

because their spin/parity assignment is currently unavailabléh® neutron are zero and negative, respectively. Combining
Thus, the present shell-model calculation exhibits the fulld!! these facts, it is deduced that the magnetic dipole moment

set of the mixed-symmetry states’, 2, and 3, in low- of.thg Z state is most likely negative. Figu_re 6 confirms that
excitation energy region. The experimental identification ofthis is the case. In contrast, the magnetic moment takes a
the full members of these*12*, and 3 mixed-symmetry small posmvg value for the2state, owing tp the ortho_gonal
states has been proposed only for a few nuclei, for instanc&tructure. This trend does not change basically by using other
%Mo [27]. The mixed-symmetry states are pushed too higﬁeasonable sets gffa_ctors. For mstanqe, the spin quenching
in the cases with strong proton-neutron correlations whictP-9 and the orbital isovector correction 0.1 were used for
certainly favor coherent couplings of protons and neutronsPf-Shell nuclei by Honmeet al. [28]. Figure 6(insej indi-

In exotic nuclei like'*Te, this may not be the case. Thus, cates a negative overall shift with this set. The present result
with 3®Te, one may be able to identify the mixed-symmetry
states and investigate their various aspects.

VIl. MOMENTS OF %¢Te

We next discuss properties of magnetic and quadrupole
moments of***Te. Figure 5 shows reduced matrix elements
J)1Q,||9y, and(J||Q,||Iy) of quadrupole operators as well as
the spectroscopic quadrupole moments. Thertd 4 states
show small values. In the yrast states, all the matrix elements

of neutrons are larger in magnitude than the corresponding -6.0 S o7 47 67 B 107 o7

ones of protons, because the yrast states are domiFrllated by % |21 h 61yra2; 10T |

the neutron excitations. The same quantities of thestate S

are shown at the left end of Fig. 5, exhibiting a weak oblate

deformation. FIG. 6. Magnetic dipole moments of low-lying excited states

Figure 6 shows the magnetic dipole moments. The orbital2}, 27, 4, 6;, 8}, 10;, and 12) of **Te. The open circles in the
and sping factors are taken a$g,,g;,)=(0.0, 1.0 and inset mean the result with ttgefactors used by Honmet al. [28].
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shell even-even nuclei. This nearly constant level systematics
contradict the empirical predictiorid,5] also. Such unusual
trend may become more prominent(some further exotic
nuclei where proton-neutron coupling is even weaker.

Certainly, by increasing the number of valence protons,
the same proton-neutron interaction can promote stronger de-
formation, static or dynamic, and “canonical” collective mo-
tions should set in. An example of this, Figayincludes the
2] levels of Ba isotopes calculated by the same Hamiltonian
[8]. These calculated levels are very close to the experimen-
tal ones. The 2 level of Ba isotopes indeed keeps falling
down asN increases.

Figure 1b) shows theB(E2;0; — 27) values of Sn and Te
isotopes. The value for**Te has been discussed in Sec. V.
This B(E2) value of Sn isotopes increases very slowly. This
behavior is similar to lighter Sn isotopes with<82 as a
function of the number of neutron holes. TB¢E2) value
can be expected to increase linearly as a function of the
valence neutron numbe, (=N-82 in this casg in a pic-
ture of the simple boson modg4-27, while thisB(E2) is
somewhat suppressed due to the Pauli block2@. This
] “sphericalN,, effect” will be discussed once again.

Te In contrast, théB(E2) value of Te isotopes increases rela-

tively faster. The difference from the value BfTe fits well

to a linear increase as a function igf. Namely, the theoret-
ical prediction is somewhat consistent with the model of
“05F@y e 1 Casten and co-workg#,5]. Experimental investigations are
L ' ' L of great interest.
8 “ N % 8 Figure 1c) shows the reduced matrix elements of quad-
. . . rupole operator between thé @nd 2 states for Te and Sn
FIG. 7. Properties of Sn and Te isotopes as a function of th‘?scg)topesPNo effective chargqes areqincluded. For Te isotopes,

neutron numbei. (a) Excitation energies of‘2states. The triangle oo
) ) : the contributions of protons and neutrons are separated,
and filled circles denote the experimental values for Sn and Te

respectively{6], while the dotted and solid lines are calculated val- Whereas neutrons are the only valence partlcles- in Sn. The

ues for Sn and Te, respectively. Thé Bvels of Ba isotopes are te_n(_jency of the neut_ron matrix e_Iements of Te isotopes is

shown by open circlegexperiment and by the dashed-dotted line similar to those of Sn isotopes, Wh|_le the presence of_valence

(calculation. (b) B(E2;05— 2) values. The bars are experimental Protons enlarges the neutron matrix elements of Te isotopes

data[6], while lines are calculationgc) Reduced matrix elements (O @ Certain extent. . o

of quadrupole operator¢d) Calculatedg factors of the 2 state. We point out that the proton matrix element in Figc)7
decreases fro**Te to **Te. This happens because thg 2

for the moment of the 2 state resembles the QRPA result wave function is d_omlnated b, X S;), whereas OnMSV. .
(—0.174 [9]. The magnetic moments of the yrast states ex D) can be exc!ted' by the proton quadrgpole transition
hibit a monotonic increase up to thg tate, and a different from |S, X S,). In this piciure, the proton malrix element can

: ~ " pe about a half of that of®Te, because of the small ampli-
structure sets in as expected from the level scheme in Fig. JtPL'Jde of |S,X D) component in Eq(8). The decrease is,

however, only by about 20%, owing to rearrangements of
other minor components of the @nd 2 wave functions so
as to enhance quadrupole collectivity.

The proton contribution increases only modestly as a
We shall now look at systematic trends predicted by thefunction of N, in Fig. 7(c). The B(E2) value of Te isotopes
same Hamiltonian as we explore into more exotic regions ofncreases mainly due to the increase of the neutron matrix

heavier Sn and Te isotopes. In Figa); the calculated exci- element as the “spherichl, effect” mentioned above. Thus,
tation energies of 2states of Sn and Te isotopes are plottedthe evolution of the collectivity/deformation in Te isotopes is
as a function olN. The Z level of Sn isotopes stays almost mainly due to neutron part of the wave function. The proton
constant, while it goes up slightly for largét. This con-  part seems to be saturated already*®Te. The evolution
stancy is a common feature of semimagic nuclei, but shouldriven only by neutrons seems to be rather slow. In fact, one
be examined experimentally. On the other hand, thie2el ~ can compare the growth of THBE2) value of Te isotopes to

of Te isotopes comes down at the beginning, but again staythat of Ba isotopes shown in Fig. 1. TIBE2) of Ba iso-
constant afteN=84. This is rather unusual, because tfje 2 topes grows so rapidly that it overscales Fig)7 This dif-
level continues to go down in most of medium-heavy open{erence is due to the fact that both proton and neutron wave

Ex.(2') [MeV]

B(E2;0"—>2"[e%?

<0°[|Q plI2*> [fm?]

g factors
o

VIIl. SYSTEMATIC TRENDS IN HEAVIER Te
AND Sn ISOTOPES

054313-6



ANOMALOUS PROPERTIES OF QUADRUPOLE PHYSICAL REVIEW C 70, 054313(2004)

functions undergo the phase transition from the spherical tties are discussed, proposing this nucleus as an excellent
deformed intrinsic structures in Ba isotopes, &oth proton  playground for this subject. We also provided predictions of
and neutron matrix elements become larger as the neutrdFe isotopes beyond®®Te. The evolution of the collective
number approaches 90. On the other hand, both proton andotion as a function of the neutron number may be rather
neutron wave functions remain basically spherical in Te isodifferent from that in more stable nuclei, and a slow growth
topes and the evolution reflects only the “spherisiglef-  of the collectivity is predicted, which deviates from empiri-
fect.” cal predictions. The calculations for heavier Te isotopes are
Figure 1d) showsg factors of the 2 state of Sn and Te already huge, and have been carried out by the MCSM.
isotopes. The factor of Te isotopes shows a weak tendency
to the collective valueZ/A [30], or IBM-2 value, Ny/(N, ACKNOWLEDGMENTS
+N,) [31].
W (31 The authors acknowledge Professor A. Gelberg for read-
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