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E2 transition and Q;+ systematics of even mass xenon nuclei
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The yrast spectra witd[,.=10",B(E2) transition probabilities an@,+ values are calculated for even-
even xenon isotopes by carrying out variation-after-projection calculations in conjunction with a Hartree-Fock-
Bogoliubov(HFB) ansatz employing a pairing-plus-quadrupole-quadrupole effective interaction operating in a
reasonably large valence space outside'#i8n core. Our calculations reveal that the systematics of low-lying
yrast states in these isotopes are intricately linked with the manner in which neutrons tend to occupy the
various valence orbits. The results d®(E2) transition probabilities predict a dip in the isotopes
114,116,120,124138a ' which might be construed to imply different structures 116120124180 55 compared
to their neighbors. Besides this, our results also reveal that both the HFB technique and the quadrupole-
quadrupole-plus-pairing model of the two-body interaction are fairly reliable in this mass region.
[S0556-28187)04604-9

PACS numbds): 21.10.Ky, 21.60.Jz, 27.60)j

[. INTRODUCTION eters, although reflecting general trends, are not in good
agreement with experimental data. It was shown that a re-
The ground state properties of even-even Xe isotopeduction of the pairing interaction strength in the approach of
have been the subject of experimental studlles9] involv- Rohozinskiet al. [10] and the renormalization of the boson
ing in-beamy-ray spectroscopy. The principal features of theenergies in the IBM improve remarkably the agreement with
nuclear structure of these nuclides appear to vary smoothlgxperiment. Recently, Manticat al. [9] have carried out
over a large range of neutron number. With four protonsBM2 calculations for a set of nuclef?*~?%e. These cal-
beyond the closed shell at=50, these nuclides are too com- culations are distinguished from previous efforts as they hold
plex for shell model calculations without the severest apimany of the parameters constant and permit only slow varia-
proximations and yet not so deformed as to be consideretions in the others. These fits have been made completely
among the classical prolate rotors such'&r. with the IBM2 without recourse to the introduction of either
An interesting feature of the observed yrast spectra is th&iaxiality or particle intruder hole structures. The calcula-
systematic variation cE21+,E41+, E61+ excitation energy from tions support the notion that these Xe nuclides are moder-

114va to 13%e. It is observed that these states approximatel)ﬁtely deformed at low energy and Fhat deviation from sym-
follow a parabolic type of systematics with a minimum en- Metry only develops at higher rotational frequency.
ergy for these states occurring&tXe. It is believed that the From the overview of the theoretical work, it is evident
investigation of the level structure of the even-even Xe nufhat there is no single microscopic framework that has been
clides can yield important information regarding the collec-2Pplied uniformly to the entire set of neutron-rich Xe iso-
tive properties of nuclides which cannot be clearly classifiedopes Wwith a single set of input parameters. It is with this
as either rotational or vibrational. motivation in mind we plan to carry out a study of low-lying

The level properties of Xe nuclei have been described byrast spectra in the entire set of Xe isotopic mass chains in a
a number of methods ranging from a simple variable momensuitable microscopic framework. The basic elements of such
of inertia approach, in which only the yrast band is consid-a calculational framework, such as the choice of core, the
ered, to more complex approaches involving collective excivalence space, and two-body residual interaction, have, how-
tation. Among several approaches to the description of thever, to be made very judiciously. One of the guiding prin-
collective states of even-even Xe nuclei, there are someiples for making this choice is that the quadrupole moments
which tend to derive the collective properties of nuclei in aof the intrinsic states as a function of neutron number should
microscopic way. exhibit a trend similar to that implied by experimenta2

The results of a number of such calculations are availabléransition rates. The deformed Hartree-Fock-Bogoliubov
for Xe nuclei. For example, one has been performed by RotHFB) state of the nucleus generated by the effective inter-
hozinskiet al. [10], and the other by Otsuket al. [11]. In  action provides a reasonable intrinsic state of the nucleus.
the first approach the dynamic calculations have been carriebherefore the goodness of the effective interaction and com-
out using the collective quadrupole Bohr Hamiltonian, wherepleteness of the valence space can be checked by finding
the potential energy and the six inertial functions are obwhether it generates intrinsic states whose quadrupole mo-
tained microscopically. In the second approach the shelinents exhibit a trend similar to that implied by experimental
model interpretation of the interacting bosons in the interactE2 transition rates.
ing boson mode(IBM) model provides the microscopic de- In this paper, we carry out a microscopic study of the
scription of the collective states. The results of both modelyrast statesB(E2) transition probabilities, an@®;+ values
obtained with the microscopic input and without free param-n the nuclei'*-13Xe, by employing the variation after pro-
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jection (VAP) [12] formalism in conjunction with the HFB Hereb (= y%/mw) is the oscillator parameter. These values
[13] ansatz for the axially symmetric intrinsic wave func- for the strengths of the-q interactions compare favorably
tions. with the ones suggested by Arinja9] and are very near to

In the present variational calculation of the yrast levels inthe ones employed in earlier study of deformation systemat-
the nuclei **4~**%e, we have employed the usual pairing- ics in theA=100 region by Khosat al. [20]. The strength
plus-quadrupole-quadrupole effective interaction operatingor the pairing interaction was fixed through the approximate
in a valence space spanned by the;;3 2ds5,, 2dgs, relationG=18-21A) at G=—0.20 MeV.
2 f45, 19750, 1hgp, and 1hy,,, orbits for protons as well as

neutrons. The nucleu¥’Sn has been considered as a core. o
B. Projection of states of good angular momentum

fi iall ic HFB intrinsi
I CALCULATIONAL DETAILS rom axially symmetric intrinsic states

The assumption concerning the axial symmetry of the in-
trinsic states is consistent with the microscopic calculation of
The spherical single-particle energi&PE’9 that are em- the potential energy surfaces #zr by Kumaret al.[21]. It
ployed here are(in MeV) (2ds,)=0.0, (3s1)=1.4, Iis found that the minimum of potential enerdy(s,vy) for
(2d3»)=2.0, (1g7,)=4.0, (1hy3)=6.5, (2f;»=12.0, the ground state band occurs gt=0.4 andy=10° and,
and (lhg)=12.5. This set of input SPE’s for the states therefore, the effects due to nonaxiality are expected to be
2ds/5, 38152, 2d30, 197, and Ihy;,, are nearly the same as small for the yrast levels for nuclei with~100. In what
that employed by Vergados and K{ib4] as well as Feder- follows we give a brief outline of the method of projecting
man et al. [15] except that the energy ofhi,, has been out the eigenstates df from the axially symmetric intrinsic
increased by about 1.5 MeV. The energy gap between thstates. R
2f42 and lhyy, orbits was calculated to be about Oib The axially symmetric intrinsic HFB state witk=(J,)
from the Nilsson diagram, published in the book by P|. =0 can be written as
By taking/ w~8.5 MeV[17] in this mass region, the energy
gap works out to be 3.82 MeV. The energy gap used by us is
5.5 MeV. This gap between the energy states had to be in-
creased to reproduce shell closure b 82 as observed in
134Te. In the case where this gap is reduced, the calculations
reveal that'*Te is quasideformed, which is contrary to what Where the creation operatby;, can be expressed as
is observed experimentally. Therefore the SPE’s bf%,
2 45, and Ihg,, orbits were adjusted to reproduce shell clo-
sures forN=82 for *Te. . bl,=> Clal,, bE=2> (-1 "Cla .. (5
The two-body effective interaction that has been em- I ]
ployed is of “pairing-plus-quadrupole-quadrupolg-€)”
type[18]. The pairing part can be written as

A. One- and two-body parts of the Hamiltonian

|®O>=E[ (UM+VMb! b0y, 4)

Here the index labels the different orbitals with the same
(J,)=m andj labels the spherical single-particle states of
Vp=—(G/4)>, S,Ssalalazag, (1)  the valence space.

“k The states with good angular momewtgrojected from

where @ denotes the quantum numbensljm). The state the HFB statg®y) can be written as

« is the same as, but with the sign ofm reversed. Here

S, is the phase factor€1)I~™. The g-q part of the two- ; 5 ) 5
body interaction is given by |0 =Piad @iy =(23+1)/87 j Di(Q)R(Q)|®,)dQ,

(6)
Vag=~(x12) 2 2 (aldilv)(Bla? 1 9)
7ok whereR({)) and Dﬂk(Q) are the rotational operator and the

X (—1)*alatasa,, (2)  rotation matrix, respectively.
The energy of a state with angular momentadiris given
where the operatozqi is given by as
2 =(167/5)Y%2Y%(0,d). 3
9= : WO @ E = (®o|HPg @o)/(P | Pod Do)
The strengths for the like-particle neutron-neutrann(), -
proton-proton p-p), and neutron-protonn-p) components f h(e)df)o( 0)d(cos 0)
of the quadrupole-quadrupole{q) interaction were taken _ 7’0 @
as

f n(6)d¢( #)d(cos 6)
Xnn(= Xpp) = —0.0122 MeV b, 0

Xnp= —0.0230 MeV b 4. Here the overlap integrals(#) andn(6) are given by
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- It may be mentioned that variational methods quite simi-
h(0)=n(0)| X e(@)paa— (G4 S{f(1+M)~ }i- lar to the ones employed here have been used earlier by

* 3 Faessler, Lin, and Wittmaf22] as well as by Nair and An-
1 sari[23] in connection with the study of backbending effects
XE S{(1+ M)~ 1) D (—1)Hk, in 58%r. The present calculation, however, employs exact
e 2 TaTh 3 angular momentum projection in contrast with the technique
used by Nair and Ansari which used an approximation sug-
7 75 ested by Das Gupta and Van Ginnek&d].
% T (ala}l 0033 (Bla? 907 (g 9gested by P ken)
ay
C. Variation-after-angular-momentum projection method
n(6)={def1+M(6)]}*2 ©) The calculation of the energies of the yrast levels has been
h carried out as follows: First, the self-consistent axially sym-
where metric HFB solutions®,_(5), resulting from the Hamil-

j j tonian (H—,BQS), where B is a parameter, are generated.
Fas(0)= > de (6)d” m,(ﬂ)fjam;,jﬁm/ﬂ, (100 The optimum intrinsic state for each ®,,(;), has been
L £e selected by determining minimum of the projected energy,

Vi E1(B)=(P(B)|HPo ®(B))/(P(B)|[Pod ®(B)), (13)
faﬁzz C]mTC;n[I;< UIm )5ma1mﬁ, (11) J < | OO| > < | OO| >
: « APV as a function of3. In other words, the optimum intrinsic state
M=Fft  p(0)=M(O)/[1+M(0)]. (12) for each yrast] satisfies the condition

alaBL{D(B)|HPZID(B))(D(B)| PP (B))]=0.

The yrast energies are calculated as follows. Using the re-

sults of the HFB calculations—and these are summarized in (14)
terms of amplitudes Y™, V") and the expansion coeffi- ) - _

cients Cm—we first set up the (5050) f matrix in the D. Electric quadrupole transition matrix element

present valence space. ThEnM, and (+M) ! are com- for the yrast states

puted for 20 Gaussian quadrature points in the rdfge?2). The matrix elements of the quadrupole operator between
Finally, the projected energies are calculated employing Eqghe yrast states belonging to different intrinsic states can be

(7)—(9). given as

(W% (B Q3lwx(B))

=[n’(B)n’" ()] 1’2f E d)o(6)n(B,B’,6)b? Z e.(alQ2B)p(B,B',0)|sin 6 db, (15

MMO

where TABLE I. Experimental values of excitation energy of the

E,+ state AE), intrisic quadrupole moments of the HFB states in
some doubly even Xe isotopes. Héf@3) . ((Q2),) gives the con-
J(,B)—f [def1+F(B,0)f(8,0)}1Y%ddy 0)sin 6 do, tribution of the protongneutron to the total intrinsic quadrupole
moment. The quadrupole moments have been computed in units of
(16 b2, whereb (=A/mw) is the harmonic oscillator parameter.

n(B.B',0)=(def[1+F(B,0)]f'(8',0)H"%, (17)  Xenon

nuclei Ex- (MeV)  (Qdues  (Q0)n  (QD),

and 114 0.45 49.70 2000  29.70
116 0.39 59.47 2090 3857

i 118 0.34 67.24 2136 45.88
Pus(B.B'O)={M(B,B",O)[[1+M(B.B", )]} % 120 0.32 69.48 2146  48.02
(18 122 0.33 76.75 2216 5459

124 0.35 71.01 2170 49.31

with 126 0.39 64.21 2150 4272
128 0.44 58.41 2081  37.60

130 0.54 54.82 20.57 34.25

M(B,B',0)=F(B,0)"(B’,0).
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TABLE II. Subshell occupation numbereutron$ in the nuclei ***-13%e and '3*Te showing shell
closure atN=_82.

Xenon Subshell occupation humber
nuclei
(A) 3su 2d3p, 2ds), 2f 19 lhg 1hyyp
Naxe 0.79 1.84 4.30 0.14 2.07 0.02 0.85
16y o 0.86 1.87 4.28 0.39 2.50 0.03 2.01
18y 0.94 1.89 4.42 0.64 3.03 0.03 3.05
120y e 1.08 1.95 5.06 0.75 3.57 0.03 3.56
122y 1.08 1.95 5.12 0.99 3.85 0.06 4.95
124y 1.24 2.11 5.61 0.95 4.81 0.08 5.21
126x @ 1.65 2.81 5.78 0.89 5.26 0.10 5.52
1285 @ 1.87 3.47 5.91 0.85 5.80 0.10 5.99
130xe 1.98 3.89 5.98 0.82 6.34 0.09 6.89
1341¢ 2.00 4.00 6.00 0.23 8.00 0.10 11.75
lll. RESULTS OF HFB AND VAP CALCULATIONS eter the observed shell closureNat 82 for 1**Te is exactly
ON Xe ISOTOPES reproduced. We have also verified that with the present
A. Deformation systematics of Xe isotopes choice of the input parameters and the model of interaction

the entire set of Sn isotopes turns out to be nearly spherical.
We next focus our attention on the factors that are respon-
: _ ¢ | ‘< direct atod 1o | sible for making Xe isotopes to exhibit such features for
tematics. Since&Q,+ of a nucleus is directly related to its %f states. In Tables Il and Ill, we present the results of
intrinsic quadrupole moment, the observed systematics o ; .
occupation probabilities of various neutron and proton sub-

E,+ with A should produce a corresponding inverse system-
atics of intrinsic quadrupole moments of Xe nuclei with in- shells for the ground states calculated from a HFB wave

creasingA. Based upon the above logic, the calculated Val_functlon generateq fo}.m e isotopes. . -
ues of intrinsic quadrupole moments should exhibit a A careful examination of proton occu_panon probabllltps
systematic increase as we go frdffXe to 122Xe. Thereaf- reveals that the four protons for the entire set of xenon iso-
ter, for the set of'24-13%e nuclei, the intrinsic quadrupole tOPes are spread over nearly four states namesy,3
moments should show a decreasing trend. In Table | thédsz2, 2dsp2, and Ig,. Further, in the'?’Xe isotope, the
results of HFB calculations are presented. Note that the int2ds2),, and (1g7,), orbitals are nearly half filled, whereas
trinsic quadrupole moments systematically increase for thé1lhii;), orbital has about 4.95 neutrons. It is clear from
set of 114-12Xe isotopes. Thereafter the intrinsic quadrupolethese numbers that except fdk=5/2 component of
moments systematically show a downward trend. For ex{1hy,,), orbit, all the downsloping Nilsson orbits are fully
ample, the(Q3) value for “Xe is 49.7 units and that for occupied, resulting in giving rise to a maximuf®3) mo-
122¢e is 76.7 units. Besides this, tH®3) value is 54.82 ment and minimum value of thE,+ energy for the'?Xe
units for 1*%Xe. Thus the calculated values ¢(®2) repro-  nucleus. Thus, for the set df*~*?%e nuclei, the systematic
duce qualitatively the systematics OE,+ state in increase in the occupation probabilities of dgg),,
114-13%a |t may be noted from Table I that with the same (19g7,),, and (1h;4/,), orbits is responsible for the system-
calculational framework and without changing any param-atic increase o(Qﬁ) moments and systematic decrease of

It is well known from Grodzins’s rul¢25] that E,+ sys-
tematics bear an inverse correlation to the obse@yedsys-

TABLE lIl. Subshell occupation numbergrotons in the nuclei'**~3%e and **Te.

Xenon Subshell occupation number

nuclei

(A) 3syp 2d3p, 2ds; 213 197 1hgp 1hq1p
(- 0.55 0.93 1.98 0.00 0.46 0.00 0.08
116y @ 0.56 1.03 1.72 0.00 0.61 0.00 0.07
118y 0.57 1.07 1.57 0.00 0.71 0.00 0.07
120y @ 0.57 1.07 1.54 0.00 0.73 0.00 0.07
122y e 0.59 1.11 1.52 0.00 0.83 0.00 0.06
124y 0.58 1.09 1.55 0.00 0.76 0.00 0.02
126y o 0.57 1.08 1.67 0.00 0.69 0.00 0.02
128y @ 0.56 1.02 1.73 0.00 0.60 0.00 0.08
130y e 0.55 0.99 1.84 0.00 0.54 0.00 0.06

134Te 0.38 0.13 1.47 0.00 0.01 0.00 0.00




E2 TRANSITION AND Q;+ SYSTEMATICS OF EVEN . . . 2437

TABLE IV. Reduced transition probabilities fd&2 transitions as well as the static quadrupole moments
for the yrast levels in the nuclé*~*Xe and %29%Zr. Heree, (e,) denote the effective charge for protons
(neutrong. The empirical relations thag,= 1+ Z/A ande,=Z/A have been used for obtaining the numerical
values for effective charges for Xe isotopes. For zirconium isotopes, we have used fixed values of effective
charges. The entries presented in the third column correspond to the reduced matrix elements resulting from
Eqg. (15). The reduced matrix elements as well as the static moments have been expressed in a form that
brings out their explicit dependence on the effective charges. The entries presented in the fifth and seventh
columns correspond to the effective charges indicated in the first columrB({IE2) values are in units of
e? b? and static quadrupole moments have been given in unieshof

- B(E2;J —Jf) QW)
Nucleus Transition
(€p.€n) 3 =3 [B(E2;3 —J3{)1¥2 [QU)] Theory Expt. Theory Expt.
1 2 3 4 5 6 7
114Xe
0t—2* 0.38,+0.16e, —0.2%,-0.4%,
2t 4% 0.56e,+ 1.0Ce, —0.3%,—-0.68&,
4% 6" 0.5%,+0.96e, —0.44e,—0.8C,
6" —8* 0.61e,+1.21e, —0.47,-0.9%2,
8" —10" 0.51e,+1.0%e, —0.4%,-0.9%,
116xe
0t—2* 0.48,+0.86e, —0.3,—0.5%,
2t 4% 0.57%,+ 1.04e, —0.3%,—-0.7C,
47 6" 0.5%,+1.1Ce, —0.43%,—-0.7&,
6*—8* 0.2%,+0.60e, —0.47,—0.9%,
8t 10" 0.64e,+ 1.4%, —0.4%,-1.1C,
118xe
(1.45,045 0*—2* 0.4%,+1.0%, —0.31,-0.6%, 1.40 1.380.06 -0.75
2t 547" 0.47e,+1.0%, —0.41,-0.9%2,
47 6" 0.6%,+1.4%, —0.46e,—1.0%,
6" —8" 0.64e,+ 1.5Ce, —0.48,-1.1%k,
8t 10" 0.6%,+ 1.5Ce, —0.50,—-1.14,
120)(6
(1.45,045 0"—2* 0.5%,+1.26e, —0.3%,-0.80e, 174 1.6%0.09¢ -0.84
2t 4% 0.3%,+0.9Ce, —0.41e,—0.9¢e,
47 6" 0.61e,+1.38, —0.44e,—0.9%,
6*—8* 0.6Z,+ 1.40e, —0.46e,—1.0%,
8+t —10" 0.63,+1.40, —0.48,-1.07%,
122)(6
(1.44,044 o0*—2% 0.51e,+1.2%;, —-0.33,-0.8%e, 1.67 142004 -0.83
2t 4% 0.16e,+1.5%e, —0.42,-1.03%,
4% 6" 0.64e,+ 1.58, —0.46e,—1.13,
6*—8* 0.6%,+ 1.6Qe, —0.48,-1.1%,
8+t 10" 0.6%,+1.61e, —0.50k,-1.2%,
124xe
(143,043 0"—2* 0.52,+1.2%, —-0.3%,-0.7&, 162 1.49-0.09 -0.81
2t 4% 0.62,+1.4%, —0.42,—-1.0C,
4% -6* 0.6%,+1.53, —0.46e,—1.0%,
6" —8" 0.64e,+ 1.51e, —0.4%,-1.13%,
8t 10" 0.6%,+ 1.4%, —0.50,—1.12%,
126Xe
(1.42,042 0*—2* 0.46e,+0.9%, —0.3%,-0.7¢, 1.12 0.7720.028 -0.76
2t —4% 0.5%,+1.1%;, —0.42,—-0.8%,
47 67 0.6F,+1.3%, —0.462,—0.9%2,
6" —8"* 0.6%,+ 1.34e, —0.48,—-0.9¢,
8t 10" 0.6%,+1.3%, —0.51,—-0.98,
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TABLE IV. (Continued).

B(E2:J"—J; 37
Nucleus Transition ( i —Jr) QW)
(ep.&) (I —=30) [B(EZ;J —INHNY2  [QUIN] Theory Expt. Theory Expt.

128Xe
(142,042 0°—2*  050,+0.9%, -03%2,-058, 120 075004 -0.70
2*—4*  05%,+1.0%, -04lk,—0.7%,
4*—6"  0.64,+124, —0.46,-0.8%,
6"—8"  0.6%,+12l, —04%,-08%,
8*—10"  0.64,+1.2%, —0.50s,~0.8%,

130)(6
(1.41,0.4)
0t—27 0.5Ce,+0.84e, —-0.3%2,-05%, 110 0.65:0.09 —0.67
2*-4%*  06(k,+1.0&, —0.4l,—0.6%,
4% 56" 0.6%,+104, —0.4%,-0.7%,
6'—8%  0.64,+1.06, —0.4%,-0.76,
8'—-10"  0.64,+106, —05l,~0.7%,
QZZr

(1.05,0.05 0*—2* 0.25,+0.44e, —0.16e,—0.28, 0.081 0.08%0.006 —0.18
p p
2t 4" 0.18,+0.3%, —0.1%,-0.3%, 0.042 0.017#0.0004 -0.17

94Zr
(1.05,0.03 0"—27 0.27,+0.6Ce, —0.17%,—-0.3&, 0.098 0.066& 0.014 -0.20
2t =47 0.12,+0.27, —0.17%,—-0.41e, 0.019 0.004 —0.20

8 rom Ref.[32].
From Ref.[33].
°From Ref.[29].

E,+ states. However, for the set df*13%e nuclei, the set of ¥ '2%e nuclei. The calculated values of
above-mentioned orbits are more than half filled and theB(E2; 0f —2;) transition probabilities for the set of
there is a tendency for the subshell closure o§,(3, and  126-13%e isotopes are found to be larger as compared to

(2dsyy), for these nuclei. their observed values. Besides this, our resultsBgE2)
transition probabilities predict a very interesting feature. It
B. Systematics of calculated values has been found from our results that in the case of

of E2 transition probabilities 116124128 B(E2; 6, —8,)<B(E2; 4, —6;),  which

means that there is a slight dip in magnitude for

abilities between the statés; andE;, , are presented. The B(EZ; _6:%8;) value_s Wh(_anmcompareg to its ne|g_ht_)ors.
calculated values are expressed in parametric form in termsiS dip is also pred|ctfd '”1 Xe and Of(e vv+here It Is

of the proton €,) and neutron ¢,) effective charges and found +that+ B(EZ2; 41:’61 )+<B(E2; 2 —4y) and
have been obtained through a rigorous projection calculatioB(E2; 27 —4,) <B(E2; 0y —27), respectively. This fea-
These two parameters have been chosen suchefral ~ ture is not obtained for the other isotopes. Further, if this dip
+eq ande,=eqy So that only one parameter is introducediS not found experimentally, it would constitute a serious
in the calculation. Th&(E2;J;" —JF) values have been cal- discrepancy in our results, and in the case it is found experi-
culated in units o2 b2. To have numerical values for these Mmentally, it would be an interesting confirmation of our cal-
quantities, we have used the empirical relations dgrand culations. On analyzing the experimental data, it has been
e, as suggested by Mottels¢®6,27. He has shown that the found that Machet alg.z[gg] have experimentally measured
effective charges resulting from the quadrupole polarizatior}’® B(E2) values for™ “Zr isotopes. The values presented
of the “core” are given bye,=[(A+Z)/Ale and e, y them in their paper pleggrly show a+ d|p+|B(E2)
—(Z/A)e. The use of effective charg§g8] is generally in- values. For example, inZr, B(E2; 0, —2;) and
voked in nuclear structure calculations to mock up the conB(E2; 2/ —47) values are 0.088) e” b’ and 0.017%)
tribution made by the core towards the electromagnetic prope® b,  respectively. In %Zzr, B(E2; 0; —2;) and
erties, due to its polarization as the nucleons are put in thB(E2; 2, —4;) values are 0.0884) e?b?* and 0.004
valence space. The valence particles, through two-body ek? b?, respectively. We note that in both of these isotopes
fective interactions, can interact with the core and cause exhe B(E2) values show a dip.

citations. The calculated results indicate that by choosing It therefore appears that*°“Zr could present ideal ex-
es1=2Z/A, a good agreement with the observed values folample for testing the theoretical approach that we have em-
B(E2; 0 —2;) transition probabilities is obtained for the ployed for the study of Xe isotopes. To this end, we have

In Table IV the calculated values &2 transition prob-
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carried out HFB and projection studies 8h%Zr nuclei us-

ing the same model for the two-body residual interaction. E
The values of the interaction parameters and the valence i f '
space employed are the same as in the earlier paper by Khosa P . !
et al. [20]. The results of these calculations for tB¢E2) s P P :
values are presented at the end of Table IV and are seen to, P P I
reproduce approximately the observed values*fot¥zr. As 3 oo I i i
an illustration, the calculated and observed values for E3 ror—i il°+__,‘,"_' ton —:;o;,
B(E2) transition probabilites for the transitions e :4/;’ e [
(0 =27 ;27 —4}) are (0.081 and 0.042e?b? and o O D B e R
[0.0836) and 0.0177) €? b?), respectively for®?zr. The A N S e S A
low-lying yrast states ir?>°%Zr nuclei are also satisfactorily I e i e
reproduced. The calculated and observed values of energies o=~ [ Ei‘:‘r—if;’:'_:'
in MeV of (05,27 ,47) states in%Zr are(0.0,0.69,1.38and @ “hLTy STy SIn Ty srLT
(0.0,0.91,1.4Y, respectively. In the case ofzr, the corre- ‘ . '
sponding values aré0.0,0.80,1.35 and (0.0,0.93,1.49 re- ; i ;
spectively. The comparison of calculated and observed re- g 5 ! |
sults on®2%%Zr thus establishes the validity of our theoretical ! 5 ! E
approach. Therefore, if the dip is theoretically reproduced in ! | : !
929%7r isotopes, it would as well be happening in ! ; ! E —
114,116,120,124,1384 isotopes. This dip might be construed to = i — : !
imply structural change along the yrast states for § | = [ hes / i
114,116,120,124,138 isotopes. g 3 °~;_,....% . ;.t_# —iaz_—‘;'
ule=/ e ey bor —
=2 .~ H —— . ot o T
er 7 !é‘.’__ E e — ; . '4:_“‘_
C. Systematics of calculated values d®;+ * 4:_-’*5“‘—'# E‘:‘-— I;‘szgz,__ o
2% —tr — 2 —— e
In Table IV the calculated values &f;+ are presented for ° ;:».-:3‘3;‘?. - }°;xP_ el e ;°;,_P .
the entire isotopic mass chain of xenon nuclei. These values () *22xe | *3*xe | s12exe | 20xe | 139

are expressed in parametric form in terms of proton and neu-
tron effective charges. We have calculated (@f{ values

for the same values of the effective charge as we have takefgr 114-123e nuclei(data taken from Ref$34—37,43). (b) Experi-

; . +
for the Ca'CF"at!‘_’” oB(E2; 0 _>_21) values. As a _re_sult of mental and theoretical low-lying yrast spectra f8f~**%e nuclei
the nonavailability of the experiment@l;+ values, it is not (data taken from Ref$38—43).
possible to make any comment regarding the degree of
agreement with the observed values. In view of the quality of . o

X eter to simulate the contribution of the Sn core towards the
agreement foB(E2; 0; —2;) valges, we are constrained to moment of inertia. It was pointed out by Faesdl80] as
assume_that the HFB wave f“r?C“O” gives a reasonably goo\%e” as by Praharg|j31] that doing so will provide further
description of the xenon nuclei. guantitative improvements in the calculated yrast spectra.

FIG. 1. (a) Experimental and theoretical low-lying yrast spectra

D. Yrast spectra IV. CONCLUSIONS

To conclude it can be stated that the observed systematics

In Figs. 1@ and Xb), the low-lying yrast spectra of a . o
gs. 13 1D yina ¥ P of low-lying yrast spectraB(E2) transition probabilities,

chain of Xe isotopes are displayed. The low-lying yrast spec ,
tra are found to reproduce the experimental levels with ~2ndQ,+ values are found to get reproduced with a reason-
<6" with reasonably acceptable discrepancy. The trend exable accuracy. Besides this, the resultsBfi2) transition

iliti in 114,116,120,124,1 H H H H
hibited by the calculated ;8 and 1Q states in the nuclei prp?ﬁ[‘b'gt'es n rued t &el predq;:t a St“ghtt d'? Wh'cr;
11411611 s not consistent with the observed trend. It is | 1ohs 1oxionans oo 1O IMPly - cIlierent structures for

116,120.124.18 as compared to their neighbours. It turns

true that the agreement for higher spins is poor. This is due .
to the fact that there is no free parameter in the energy calut that the VAP technique and quadrupole-quadrupole-plus-

culation for the full isotopic mass chafit*-*%e. This level pairing model of interaction are fairly reliable for the calcu-
of agreement can be considered to be nearly satisfactory b@t'on of yrast spectra in the entire set of xenon isotopes.
cause of a number of considerations. First, the calculation of

yrast spectra is a complex many-body calculation involving a ACKNOWLEDGMENTS
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