PHYSICAL REVIEW C 68, 054304(2003

Systematics of first 2 state g factors around mass 80
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The systematics of the first' Ztateg factors in the mass 80 region are investigated in terms of an IBM-II
analysis, a pairing-corrected geometrical model, and a shell-model approach. Subshell closure dffects at
=38 and overall trends were examined using IBM-II. A large-space shell-model calculation was successful in
describing the behavior fad=48 andN=50 nuclei, where single-particle features are prominent. A schematic
truncated-space calculation was applied to the lighter isotopes. The variations of the effective fastons
are discussed in connection with the roleFe$pin breaking, and comparisons are made between the mass 80
and mass 180 regions.
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I. INTRODUCTION the Z states in even-even nuclei are given by a simple rela-
In the past few years the application of the transient-fieldion, provided that the low-excitation states have maximal
technique[1] and Coulomb excitation in inverse and normal proton-neutron(F-spin) symmetry. Morrison{10] expressed
kinematics has yielded extensive excited-s@gfactor data  g(2;) in terms of the scalags, and the vectorg,, bosong
with a precision of the order of a few percent. In tAe factors:
~80 mass region, low-lying energy states in several isotopes

have been measured for the first time or re-measured with - Mg

higher precisionf2—4]. A plethora of interesting effects oc- 9(21) =95+ gv?' @)
curs in this mass region, many of which have been associated

with the features of thg-factor data[1-5]. where g5, =(9,%09,)/2, F:Fmaxzé(N# N,) is the F-spin,

Gyromagnetic ratios provide insights into many nuclearand MF:%(N,T—N,,) is its projection. The proton and neu-
structure questions since they are sensitive to contributiongson boson numbersl, andN,, respectively, are counted
from both collective and single-particle degrees of freedomfrom the nearest closed shell, amg and g, are theg
The main purpose of the present paper is to investigate thRyctors of the proton and neutron bosons, respectively.

g-factor systematics irA~80 nuclei. Starting from an ap- sambpataret al. [11] expressed thg factor in an equivalent
proximate IBM-II formula for theg factors of the 2 states,  form

the systematics in the particular mass region are examined in

Sec. Il. This initial survey extends and updates that of Wolf - N,

et al. [6,7] who had fewer and less precise data available at 9(27) = 9+ N N AN (2

the time. Further insight into thg-factor systematics is then T T

sought in Sec. Ill by applying the pairing-corrected geo-Equations (1) and (2) are exact forF-spin symmetric
metrical modelMigdal approximationto nuclei with more  siates, as is usually expected for low-excitation states in

than a few nucleons away froM=>50. Finally, in Sec. IV, cqjective nuclef12,13. Thus, if the low-spin states have
large basis shell-model calculations are performed for nucl -spin symmetryF=F,.., theirg factors are given by Eq.

nearN=50, along with more schematic restricted-basis cal—(z) independent of the parameters of the Hamiltonian.
culations for the Kr and Se isotopes, in an attempt to provide "¢ 4 pital contributions only are considered, the bospn

a global picture of the systematics. Since téactor sys- ¢t/ areg.=1 andg,=0, thus giving
tematics should have similar features in the80 andA i v

=180 regions, according to the lowest-order IBM-II formu-

lation, the Discussion places an emphasis on comparisons 9(2y) = N _:TN . 3
with—and contrasts between—these two regions. T
Il. IBM-Il AND EFFECTIVE g FACTORS This expression is analogous to the hydrodynamical model

. . ] prediction for the g factor, g=2Z/A, but N,_/(N,+N,)

[9] where protons and neutrons are distinct, gfactors of  Fyrthermore Z/A and N_/(N_+N,) have the opposite de-
pendence on neutron number in the upper half of a shell
where the boson number is determined by the number of

*Permanent address: Department of Nuclear Physics, Australiavialenceholes This effect is supported by theefactor data in

National University, Canberra ACT 0200, Australia. the nuclei belowN=126, especially in the W and Os iso-
TPresent address: School of Engineering, University of Brightontopes, where thg(2;) values increase with neutron number.
Brighton BN2 4GJ, UK A similar difference between the two models occurs in the
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A=80 region as the neutron number approadies0. TABLE |. Experimentalg factors for 28<Z<50. The data cor-

For heavier massg#&~ 150—-190, both IBM-II and col- respond to weighted averages of recent and older data. Closed pro-
lective model predictions have been tested experimentall{on shell nuclei are not displayeggNi, 40Zr).
[14,19 showing that, in the majority of the cases, IBM-II

better describes thg factors in the upper half of the shell Isotope z N 92y

nearA=180. Wolfet al. [6,7] investigated effectivg factors 32 0.37199)
in a broad range_qf masses by treatigg and g, as free 7n 30 34 0.44546)
parameters and fitting experimental data. In the mass 180 6 0.39941)

region they obtained,=0.634) andg,=0.055) [6,7].

To survey theg-factor data in the mass 80 region, Eg) 4312 8:3232
can be rearranged into a form which is linear to the ratio '
NN, 38 0.45923)

Ge 32 40 0.38@7)

N N 42 0.40Q15)

9(21)(i‘> = %(—”) + 0y, 4) 44 0.38320)

N, N, 40 0.42827)

whereN;,;=N_,+N,. The parameteg,. now represents the Se 34 42 0.4023)
slope of a straight line ang, is the corresponding inter- a4 0.38425
cept. As will be seen below, Eq4) is very useful for 46 0.43%27)
displaying global systematics in the data. However, be- 48 0.49629)
cause they factor is multiplied by(N,,/N,) in the plots, 42 0.43227)
the details of the variations in thg factors as a function Kr 36 44 0.37847)
of proton and neutron numbers tend to be hidden. 46 0.40%215)

In the light of the new, precise measurements that have 48 0.26713
been performed recently in thA~80 mass region, the 50 11214
IBM-1I fit was revisited focusing particularly on the system- 46 0.41947)
atics of the even-even isotopes with28<40. The present Sr 38 48 0.27&0)
analysis includes a complete set of measuyéactors of the 50 1.1517)

2] states in stable isotopes in the 28—40 proton shell. Receft
measurements exist fapZn [2], 3,5€[3], and ;gKr [4] iso-
topes. Weighted averages were used in case older data exnd g,=0.3567), corresponding to the fit in Fig.(d). The
isted[5,16-18. The data are summarized in Table I. marked deviation of these effective valuesggfandg, from
Discontinuities ing-factor systematics may occur for pro- 1 and 0, respectively, is difficult to reconcile with micro-
ton and/or neutron subshell closures. Thus, along with boso@copic expectations. This problem will be discussed below.
counting from the usual shell gaps for protons and neutrons It was noted above that plots gf2})N,¢/N, versusN /N,

considoreti ¢ ratmer wel-sstablshed dosed proton subshgf!", SPMEIMES visually suppress the cifferences between the
P obal fit and the experimental data. For this reason, the pre-

at Z=40 and the neutron subshell closureNs38, as sug- dicted g factors from the adopted “best” fit are compared
gested in an IBM-II study of thg factors in the Se isotopes with the experiment in Fig. 3 along with “benchmark”

3]. In all, there are four alternative ways of counting the e
[3] y g IBM-II predictions forg,=1 andg,=0 and the results of the

bosons. A corresponding set gf. and g, values was ob- o . : :
tained for each case. The fits are illustrated in Figs. 1 and Pairing-corrected hydrodynamical model to be described in

and the results are summarized in Table Il. Data points corthe following section.

responding to isotopes at closézlibh shells and the data of

the N=48 isotones were excluded from the fits because these

nuclei show clear departures from the collective values ob- lll. THE MIGDAL APPROXIMATION

served forN=46. , . . .
The introduction of a proton subshell closureZat40 has Th?.IBM'” fits presente-d n 'ghe precedmg section, for
nuclei in the mass 80 region witN<46, yieldedg,~g,

no significant effect on either the quality of the fit or the "~ : oo A
bosong factor values, as is evident in both figures and Table~0-4- This condition implies thag(2") ~0.4~Z/A for all
Il. On the other hand, the introduction of the=38 neutron nuclei included in the fit and stimulates an examination of

subshell closure results in a change of the deduced effecti@€ Systematics in terms of the hydrodynamical collective
values, bringing them closer to the bare values and improvnodel.

ing x?2 significantly. Specifically, when the neutron shell clo-  In this model theg factor of a collective state ig~2Z/A
sure is turned on, the proton effectigefactor increases by Whether the state is considered vibrational, rotational, or in-
~8%, while the neutrong factor becomes smaller by termediate between these limits. The most important correc-
~16%. For the following discussion the fit with protons in tion to theZ/A estimate originates from differences in pairing
the 28<Z<50 shell and the neutrons in 38N<<50 is used. correlations for the moment of inertia of the proton and neu-
The effective bosory factors for this case arg,=0.43%8)  tron “fluids” (7,):
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FIG. 1. Fit of the experimental data for the case when no neu-

FIG. 2. Fit of the experimental data for the case when a neutron

tron subshell closure &=38 was considered and neutron bosonsSubshell closure ai=38 was considered. Left: no proton subshell
are counted within the 28-50 shell. Left: proton bosons are counte@losure. Right: proton subshell closureZat40 was included in the
within the 2850 shell. Right: proton boson counting is altered duednalysis. Data for théN=48 isotones are not included in the fits.
to the proton subshell closure 2£40. Data for theN=48 isotones ~ The quality of the fit in both panels is better than for the corre-
are not included in the fits. sponding fits in Fig. 1.

T on the magnitudes—especially the relative magnitudes—
= WA of the pair gaps. Uncertainties in the assumed deforma-
p-vn tions are therefore not expected to have a large impact on
A simple and successful method of estimating these corthe calculatedy-factor systematics. The parameters of the
rections for nuclei in theA~150—-180[14] and theA analysis appear in Table Il and the results are compared
~100 regiong 19] is provided by the Migdal approxima- Wwith the experimental data in Fig. 3.
tion [20]. The collectiveg factor is given by There is an overestimation of tlggfactors for the case of
Zn and Ge isotopes, by a factor of 10—20%. Apart from this
_ ZJ(A, 8,4p) tendency, the agreement between theory and experiment is
9= ZJA, 6,Ap) +NJ(A, 6,Ap)° good. As with the IBM-II fit, theg factors of theN=48
isotones show strong departures from collective behavior and
these are discussed in the following section.

g 5

(6)

wheredis the deformation and, andA, are the pair gaps
for protons and neutrons, respectivelf(A, &, A) is the
moment of inertia evaluated in the Migdal approximation
as described in Ref14], and references therein. The mo-
ment of inertia is expressed as the sum of two te(fis
and J,. The former is dominant and originates from the
AN=0 Coriolis coupling, while the latter makes a small
correction forY,; quadrupole pairing and Coriolis cou-
pling between oscillator shells withN=2 (see Ref[14]
for detailg. The present calculations included bqofhand
J, terms in the evaluation gf factors. Deformations were
taken from intrinsic quadrupole momen, determined
from experimentalB(E2) data[21] and pair gaps were

IV. SHELL-MODEL CALCULATIONS
A. Previous work

A number of shell-model calculations have been reported
for the mass region above and bel8fizr. Calculations of
the theoretical magnetic moments in the Zr and Mo isotopes

TABLE II. Effective values ofg, andg, for different ways of
counting proton and neutron bosons,<28<40.

evaluated as 80% of the relevant odd-even mass differ'ylass z N Gr 9 X
enceq 22]. In these near-spherical nuclei the deformationsa~80 28-50 28-50 0.4Q4) 0.4142) 172.02
determined fromB(E2) data may not be very accurate. 28-50 38-50 0.438) 0.35Q7) 8.83
However, the sensitivity of thg factor toA,,, and 6 has 28-40 28-50  0.4Q@) 0.4172) 177.8
been examined in Refl14]. Generally, theg factor is not 28-40 38-50 0.4320) 0.3649) 11.02

very sensitive to the deformation, but depends sensitively
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neutron number, N

with N>50 have been presented recently in REE9,23-25
(these papers include references to earlier related work=50 have been studied less thoroughly, particularly in rela-
High-spin states have been studied extensively for nucleiion to theg factors of low-excitation states. Referen@s)

with Z~40-44 and\~46-50 through shell-model calcula- contains information on calculations of binding energies and
tions which included the evaluation gof factors(see Refs.

[26,27, and references therginNuclei belowZ=40 andN

other properties of nuclei in the lowdp shell. Results of
calculations in the uppéip shell, mainly focused on energy

TABLE Ill. Parameters and results of the pairing-corrected hy-levels andB(E2)s, are reported in Ref29], and references
drodynamical model calculations.is the deformation and, is
the pair gap of protons/neutrons. The right column shows the preteractions in thez=32-46,N=50 nuclei; Warburtoret al.
dictedg factors of the Migdal approximatiomya-

Nucleus 4 A ) A, A, IvA
(keV)  (keV)
62 0.181 1069 1291 0.527
zn 30 64 0.199 1072 1326 0.510
66 0.182 1026 1418 0.524
68 0.171 962 1372 0.516
70 0.189 957 1223 0.464
70 0.186 1166 1493 0.510
Ge 32 72 0.199 1188 1460 0.479
74 0.227 1251 1422 0.441
76 0.213 1181 1256 0.411
74 0.241 1445 1549 0.463
Se 34 76 0.245 1369 1373 0.432
78 0.220 1297 1323 0.420
80 0.192 1252 1232 0.395
82 0.163 1136 1205 0.399
78 0.273 1416 1258 0.428
Kr 36 80 0.215 1409 1364 0.425
82 0.170 1317 1319 0.415
84 0.129 1140 1291 0.438
86 0.126 1064 1416 0.479
84 0.179 1524 1305 0.389
Sr 38 86 0.122 1295 1206 0.391
88 0.103 1107 1487 0.508

therein. Ji and WildenthdBO0] have determined effective in-

[31] have investigated the role of the two neutron holes in
the go, shell in 8Sr; and earlier, Field®t al. [32] have
suggested a configuration for the] 2tate in the same
nucleus. There also exist shell-model calculatif88 in the
lower fp shell, which focus on the lighter isotopes around
Z,N=28.

B. Details of the calculations

Full-space calculations in thi and g shells nearA=80
are limited by the large model space required for a complete
analysis. In the present study large-basis calculations for the
N=48,50 isotones were performed first. Then, fbr
=40-46, a set of calculations with very truncated basis
spaces was carried out to study the qualitative differences in
the g-factor behavior for the Se and Kr isotopes.

Calculations were performed using the cagaAsH [34]
and the “GWB” basis with the “GWBXG” interactions.
The core is ®Ni and the full basis space available
is 7(1fs12 2P3/2, 2P12 19er2) @nd (192, 2Pasor 2052, 3Sy2,
2ds/,, 1g72). Since N<50 nuclei are considered here, only
the v1gq, and v2p,,, Orbits are active in the neutron space.
For practical calculations there must be further restrictions
on the allowed configurations. In the calculations performed
for N=48, 50 the proton excitations were constrained by the
requirements thati) no more than two protons can be ex-
cited across th&=40 subshell gap interlgy, and (ii) the
occupation of therlfs, cannot be less than two. For the
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TABLE IV. Configuration spaces used in shell-model calcula- C. Shell-model results

tions. The allowed occupations of the single-particle orbits are in- Results of the calculations are presented in Table VI. Gen-

dicated. erally the energies of the] 2tates are well reproduced, as are
N Protons Neutrons the B(E2;2; —0;) values. Clear discrepancies in these ob-
servables begin to show only for the Sr and Kr isotones with

1fs, 2p3y2 2pyp 1da/2 2pa2 1992 N=<44. The following sections discuss thiefactor trends

50 2 6 0-4 0-2 0-2 5 8 which are displayed in Figs. 4 and 5.

48 2-6 0-4 0-2 0-2 0-2 6-8

46 2.6 0-4  0-2 0 2 6 1. N=50

44 2-6 0-4 0-2 0 2 4 The g(2]) values in theN=50 isotones are very well re-

42 2-6 0-4 0-2 0 0-2 0-4  produced. As can be seen from the wave functions in Table

40 2-6 0-4 0-2 0 0-2 0-2 VIl and the tabulated single-partictgfactors(Table V), the

gradual increase ig factor between Se and Sr is associated
with the rise in the Fermi surface which gives increasing

schematic study of nuclei withi<48 no proton excitations €MPhasis to configurations involving thgps, orbit.
were allowed across the=40 subshell gai.e., the wlgy;»
was not occupiedand it was required that the occupation of 2. N=46,48

the 7r1f5;, orbit not be less than two. Fd¥=44, 46 full oc- In the N=48 isotones the calculategiZI) values follow
cupation of thev2p, , orbit was enforced, but this restriction the experimental trend, but are all shifted by about —0.2. The
was not imposed foN=40, 42. The configuration spaces are yngerestimation of thg factors in theN=46 isotones is even
summarized in Table IV. _ , __ greater, a point discussed further in Sec. V. It has been noted
The GWBXG residual interaction combines effective in- hreviously that the experimentgl factors of 2 states near

teractions from the bar€ matrix of the H7B potentia[35]  ¢|osed neutron shells are displaced somewhat from the shell-
with empirically adjusted matrix elements and single-particley,qqel values in the direction of the collective estimata

energies. Further details are provided in R¢86,37 and [19,23,38-4] The present results for thd<48 isotones
with the oxBAsH distribution[34]. Of particular relevance, giso show this trend. Theory and experiment could be
the interaction includes the proton-proton interaction deterbrought into better agreement fé=48 by increasing the
mined by Ji-and Wildenthal for thefd,, 2Dsz, 2P12 @nd  grength of the proton-neutron interactions, but it is beyond
19/, Orbits in N=50 nuclei. The single-particle energies are e scope of the present work to attempt such tuning. There
optimized forA~90, near the upper end of the mass range ofay also be contributions from proton excitations deeper in
present interest, but no attempt was made to fine tune thefie core as collectivity sets in. For the present purposes it is
for this initial survey of the IPW'Sp'n magnetic Moments. g fficient to note that the!tates in thé=48 isotones have

The excitation energyE(2;) and the reduced transition gong neutron contributions and that these are most pro-
rateB(E2;2; —0;) have also been calculated, along with the nounced when there are only a few valence proton holes. As
g factor of the Z state. Together with thg factors, these  the number of proton holes increases the states become more
observables give an indication of the relative contributions Ofsymmetric with respect to proton and neutron excitations as
single-particle and collective components in the tate s seen by the increase @i2}) in both theory and experiment
wave function. However, the shell-model calculations tend t%etween, Saﬁ“Kr and 828e_ The imp"cations of this infer-
underestimate the collective components, especially whergnce for the systematics and I1BM fit will be discussed in
the basis space is severely truncated. Sec. V.

As in the previous work on the Zr and Mo isotopes
[19,25, the effective charges of the proton and neutron were
taken to bee®=1.77 ande®™=1.19 and the intrinsic spig _ .
factors were quenched to 0.75 times the bare nucleon values, The experimental and theoretiggfactors for the Se and
i.e., g(m=+4.19, g(»)=-2.87, while the orbitaly factors Kr isotopes are compared in Fig. 5. For this presentation 0.2
wereg,=1(0) for protongneutrons. The g factors of the rel- hgs been_ added to the theoretical values. The purpose of this
evant single-particle orbits are summarized in Table .  diagram is to compare the mass-dependent trends in the ex-

perimental and theoreticg factors of the Kr and Se iso-

TABLE V. Sinal | ¢ 7-40 andN=50 with topes, particularly foiN<46. It is interesting to note that,
V. Single-nucieong factors neaz=40 andN=S0 with  hjje the magnitudes of thg values are very much under-

3. g-factor trends in the Kr and Se isotopes with<f46

Ger=0- 7505 estimated, the predicted mass variation for the isotopes with
N=42, 44,46 is different for Se and Kr, and the qualitative
Protons Neutrons .. . .
trend is in agreement with the experiment. Furthermore, the
mlfg), +0.544 121/ +0.956 shell-model calculations for the Se isotopes show the trend
72Pan +2.063 10/ -0.319 predicted by the IBM and observed in experiment, namely,
2Py -0.063 the smallesig(2*) value occurs for théN=44 nucleus’®Se,
mlgos +1.354 where the valence neutron shé®p,,,® 1gy,) is half filled.

In contrast, but again in agreement with experimental trends,
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TABLE VI. Shell-model calculations ofj factors,B(E2)s, and
excitation energies of;2states in theN=50 andN=48 isotones. The
energies are in keV and th&(E2)s are ine? fm*. Data are from
Refs.[21,24,41,4P

Nuclide Quantity Theory Experiment
N=50 83580 Ex 1685 1455
g +0.824
B(E2;2]—05) 245
SoKrso Ex 1504 1565
g +0.988 +1.1214)
B(E2;2;—07) 180 24420)
EEST E 1981 1836
9 +1.141  +1.1617)
B(E2;2]—0]) 133 1841)
N=48 8Ses E, 738 655
g +0.296  +0.49629)
B(E2;2;—07) 496 36410)
SKr 48 Ex 896 882
g +0.054  +0.26713
B(E2;2; —07) 380 25Q12)
8oSg Ex 1009 1077
g -0.117  +0.27&0)
B(E2;2]—05) 279 25628)
N=46 SaSes Ex 426 666
g +0.114  +0.43R7)
B(E2;2;—07) 655 50612)
84 Ex 608 776
g -0.057  +0.40215)
B(E2;2]—07) 497 44620
SaSts Ex 662 793
g -0.084  +0.4147)
B(E2;2;—07) 408 57888)
N=44 8Sey Ex 507 614
9 +0.070  +0.38@5)
B(E2;2; —0;) 589 67Q18)°
80K r4s Ex 595 617
g -0.056  +0.37847)
B(E2;2]—0]) 516 74Q42)
ST Ex 531 574
g -0.094
B(E2;2;—07) 419 102640)
N=42 1%Ser, Ex 737 559
g +0.125 +0.4083)
B(E2;2] —07) 534 84@20)
1K Ex 905 455
g +0.066  +0.37847)
B(E2;2;—07) 467 126678)
895142 Ex 906 386
9 -0.013
B(E2;2;—07) 467 191872
N=40 ST E, 718 634
g +0.239  +0.427)
B(E2;2;—07) 430 77416)

A recent measureme43] has yielded a value of 6580) € fm*.
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FIG. 4. Experimenta(2;) values(diamonds vs shell-model
predictions(dashed linesfor N=44, 46, 48, and 50.

the shell-model calculations predict that the=44 andN
=46 isotopes of Kr have nearly equgafactors, with no clear
“midshell minimum.”

V. DISCUSSION

There are three features of thdactor data in the mass 80
region to addresgi) The clear departures of thg2*) values
in nuclei with N=48 from the collective values observed for
N=46. (ii) The departures of the effective bosgrfactors
from their “bare” values.(iii) Similarities and differences
between the mass 80 region, whaye=g,~0.4, and the
mass 190 region, wheig,~1 andg,~0.

(i) Theg-factor calculations and comparisons with experi-
ment in the previous sections have shown that the nuclei in
the mass 80 region have strong single-particle characteristics
for N=48 andN=50 and then show a transition to collective
values forN=46. In particular, they factors show a rapid

15

o Kr (experiment)
O Se (experiment)
Kr (theory +0.2)
---- Se (theory +0.2)

10

g factor

05

00 zfo zfz 4{4 zfe zfs 50
neutron number, N
FIG. 5. Experimentaty(2;) values vs shell-model predictions for
the Kr and Se isotopes. For this presentation 0.2 has been added to
all of the theoretical factors.
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TABLE VII. Theoretical wave functions of 2states. mixed-symmetry stategaving F=F,,,—1) have been iden-
: : » tified and investigated through shell-model calculations. For
Nuclide Dominant partitions example, Werneet al. [45] have noted that while the second
+ in92 ; vad-
81se 619|202 02 102 , @ VP2 G+ -+ 2" state in®?Zr shows the signatures of the mixed-symmetry
86 379|718 02 .00, 0 2 10 state, the first 2state is almost a pure neutron configuration,
361’50 071 5/2P3/2P1/29012® VP gr2 . - . : C
o4 7rf6 2 o0y, .. in contradiction with the=-spin symmetric limit.
+269%0 715 D3/001/:90/2® VP10 + : )
88g 83976 .03 b0 2 10\ ... Since the boson number is small throughout the mass 80
38°l50 0/ 7f5/2P3/2P1/200/2® VP g/2) . L ;
82g 539 7f4 02 00 P 2 B\ region, it is reasonable to suggest that théactors in the
34°%8 o 77f5/2P3/2P1/290/2® VPT/0/2) . .
84 o —§6 2 0 0 2 8 mass 80 region do not show the simple IBM-II type of be-
36Kr 48 3290 7 2o032P1/99/2® YPy 9012 ; ; o
+ 179471 ppbopL 00 ® vpl S )+ - havior [required by Eq(3) and indicated by the dot-dashed
5/2F3/271/299/2 1/299/2/ H H H H H
line in Fig. 3] because isotopes do not exist near mass 80
35Shg 329 7fP3P21298,2® VPLGar) + g 3 b

with sufficient protons and neutrons to form a system of
interacting bosons witk-spin symmetry. Of those that have
change from values that are clearly associated with singleseen studied the isotopes of Se, which have both proton and
particle structures to values that would nominally be associneutron occupation near the middle of the valence shell, best
ated with collectivity. The present shell-model calculationssatisfy this requirement, and are indeed the only cases where
are able to track the qualitative behavior of thefactors  the behavior prescribed by E(B) is at all manifested, if at
betweenN=50, where the first 2states are dominated by all, in the experimental data.
fp-shell proton excitations, antl=48, where the valence (iii) At first sight, theg-factor systematics in th&=80
neutron configuration becomes dominant, but cannot deandA=180 regions seem very different, despite the expecta-
scribe the onset of collectivg factor values alN=46. Nev-  tion of similarities stemming from the fact that in both re-
ertheless, a vestige of the shell-model structure appears gons neutrons occupy the upper part of the respective va-
persist in the apparently collective excitations in the isotopesence shell. Partly, this perception stems from the limitation
of Se and Kr havingN=42-46, and theéE(2;) and B(E2)  of the data to stable isotopes, but more importantly, the sig-
values remain reasonably well describedNat46 despite the nificant difference in the neutron boson numbers for the two
poor description of the factors. regions must have consequences, according to the discussion
(i) Since bosorny factors that depart significantly from in the preceding paragraphs.
the “bare” valuesg,=1, g,=0, cannot be justified in realistic The pairing-corrected hydrodynamical model in Sec. Il is
IBM calculations, F-spin breaking must be invoked to ex- very successful in describing th&=80 experimental data,
plain the mass 8@-factor data. Indeed empirical IBM-II fits most of which apply to nuclei below the neutron mid shell.
to theg-factor data can be obtained, without greatly disturb-However, it can be expected that clear discrepancies might
ing the fits to other observables, by allowing the single-appear if more data for collective isotopes with>44 ex-
particle energies of the proton and neutron bogensnde,)  isted, as indeed this model fails for the W, Os and Pt isotopes
to differ [3,4,44. The shell-model calculations suggest thatin the A=190 region[14].
there might be a microscopic justification for this procedure. Returning to the discussion in terms of the shell model
In nuclei with only a few valence nucleons the proton andand the IBM, the comparisons of theory and experiment for
neutron configurations tend to be weakly coupled, with athe Se and Kr isotope&ix and four valence proton holes,
dominance of neutron excitations in the lowestsfate. This  respectively suggest a more specific analogy with the be-
behavior, which is evident from both shell-model calcula-havior of theg factors of the 2 states in the Os and Pt
tions and comparisons of experimental data, has been digsotopes neaA=190 (also having six and four valence pro-
cussed in several recent publicatidi®,23,37-40 Unfor-  ton holes, respectively The g factors of the Os isotopes
tunately, when more than a few valence nucleons are addedfillow the IBM-II prediction withg,.~1 andg,~0 whereas
is impossible to track the coupling of the proton and neutrorthe Pt isotopes have nearly constgntactors withg,~g,
spaces via conventional shell-model calculations. Neverthe=0.3. This empirical behavior of the Os and Pt isotopes
less the experimental data, especially thfactor data, and seems to be echoed in the Sr and Kr isotopes.
schematic calculations, such as those for the Se and Kr iso- The M1 behavior of the88190:199s an(190:192.194,196.1§6¢
topes presented above, imply that the proton and neutroisotopes has been examined in detail in termB-gpin mix-
spaces become more strongly coupled as the number of vaig in the IBM-Il [46,47, but without an understanding of
lence nucleons increases and collectivity sets in. the underlying microscopic structure or why differénspin
From the perspective of the IBM, these observations sugbreaking mechanisms are needed for the Os and Pt isotopes.
gest that the proton-neutrgor F-spin) symmetry is broken Putting together the above observations on the mass 190 re-
rather strongly in nuclei with few valence proton bosons, andjion and the present study of the mass 80 region, one can
the symmetry breaking increases in those isotopes that apenjecture thaF-spin symmetry breaking is very sensitive to
proach the neutron shell closure. Furthermore, the shelthe number of valence nucleons when the boson number is
model calculations seem to be consistent with a mechanisismall, and that this effect can give rise to strikingly different
whereby the neutron boson energybecomes significantly g-factor trends for adjacent isotope chains in a transitional
smaller than the proton boson energyas the closed neu- region. Further theoretical investigations are needed to con-
tron shell is approached. These conclusions are consistenect these qualitative observations based on shell-model cal-
with recent studies in nuclei wittN=52 where the lowest culations to the microscopic basis for the IBM. Some work
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along these lines has already been performed for Zhe quired when the experimental dataset is expanded to include

=50-82 and\N=82-126 shell§48]. additional excited states and a wider range of nuclei.
Finally, the g(2]) values have been measured
[15,47,49,5Dfor the Pt isotopes betweef®Pt and**®Pt and VI. SUMMARY AND CONCLUSIONS

found to remain remarkably constant. Whiespin mixing

N L _ .
mechanisms can explain the constancy ofgliactors of the In summary, theg(2;) systematics in theA=80 region

oblate nuclei withA=190, theg factors of the isotopes with rrﬁ)voleelb?iegaﬁ(i)nn;g(?rﬁitég E:eorlrlgiti\?fe tr?]i dlen|te;?1(§|rt]ﬁe b:rfg?
A<190 are evidently strongly affected by the trans!tlon ©©model. The nuclei show transitional structures and a complex
prolate-deformed grognd—state bar_nds n _the Pt 'SOtOp_“‘rﬁterplay of single-particle and collective features. The
around mass 182, which are associated with shape coexiggy| fits imply substantial breaking of the symmetry be-
ence and a deformation-driving intruder configuration. INyyeen proton and neutron bosons, a feature that seems to be
terms of IBM-Il, the intruder configuration has two more . e|ated with the weak coupling of proton and neutron ex-
proton bosons than the normal configuration, which bringg;itations near closed shells, together with a favoring of the
the g factors of the 2 states near the middle of the valence ey ron excitations in the lowest states, as implied by shell-
neutron shell closer td/A. As a generalization, it would be \,odel calculations. It is suggested that théactor system-
expected that intruder states which drive shape changes ifjics in the mass 80 region have features in common with the
the mass 80 region will also influence tigefactors. For  pehayior ofg factors in heavier transitional regions, but the
low-spin states in even-even nuclei the main effecttheg  gimjlarities in the empiricalg-factor systematics are sup-

factorg of a configuration which leads to deformed statespressed because the mass 80 region has many fewer valence
would be to increase the effective number of nucleons whichy ,cleons.

participate in the nuclear excitation, and thereby to bigng

closer toZ/A. Thus for the present discussion of the?;) ACKNOWLEDGMENTS

data it has been possible to use the terminology of shape

transitions rather than shape coexistence. A specific focus on This work was supported in part by NSF research Grant
the influence of intruder states and coexistence may be réNos. PHY99-83810 and PHY00-98800.

[1] N. Benczer-Koller, M. Hass, and J. Sak, Annu. Rev. Nucl.[14] A. E. Stuchbery, Nucl. PhysA589, 222 (1995.

Part. Sci.30, 53(1980. [15] A. E. Stuchbery, S. S. Anderssen, A. P. Byrne, P. M. Davidson,
[2] O. Kenn, K.-H. Speidel, R. Ernst, S. Schielke, S. Wagner, J. G. D. Dracoulis, and G. J. Lane, Phys. Rev. Lét6, 2246

Gerber, P. Maier-Komor, and F. Nowacki, Phys. Rev.66, (1996.

034308(2002. [16] A. Pakou, J. Billowes, J. Burde, J. A. G. de Raedt, M. A.
[3] K.-H. Speidel, N. Benczer-Koller, G. Kumbartzki, C. Barton, Grace, and W. R. Kolbl, J. Phys. G0, 1759(1984).

A. Gelberg, J. Holden, G. Jakob, N. Matt, R. H. Mayer, M. [17] G. J. Lampard, H. H. Bolotin, A. E. Stuchbery, C. E. Doran,

Satteson, R. Tanczyn, and L. Weissman, Phys. Re\6a7C and A. P. Byrne, Aust. J. Phy<l0, 117 (1987).

2181(1998. [18] N. J. Stong(unpublishedl
[4] T. J. Mertzimekis, N. Benczer-Koller, J. Holden, G. Jakob, G.[19] P. F. Mantica, A. E. Stuchbery, D. E. Groh, J. |. Prisciandaro,

Kumbartzki, K.-H. Speidel, R. Ernst, A. Macchiavelli, M. Mc- and M. P. Robinson, Phys. Rev. €3, 034312(2001).

Mahan, L. Phair, P. Maier-Komor, A. Pakou, S. Vincent, and[20] A. B. Migdal, Nucl. Phys.13, 655(1959.

W. Korten, Phys. Rev. (54, 024314(2001). [21] S. Raman, C. W. Nestor, Jr., and P. Tikkanen, At. Data Nucl.
[5] A. I. Kurcharska, J. Billowes, and M. A. Grace, J. Phys1g Data Tables78, 1 (2001).

65 (1988. [22] R. Bengtsson, S. Frauendorf, and F.-R. May, At. Data Nucl.
[6] A. Wolf, D. D. Warner, and N. Benczer-Koller, Phys. Lett. Data Tables35, 15 (1986.

158B, 7 (1985. [23] A. E. Stuchbery, Nucl. PhysA682, 470c(2001).
[7] A. Wolf and R. F. Casten, Phys. Rev. 85, 851(1987). [24] G. Kumbartzki, N. Benczer-Koller, J. Holden, G. Jakob, T. J.
[8] T. Otsuka, A. Arima, F. lachello, and I. Talmi, Phys. LeT6B, Mertzimekis, M. J. Taylor, K.-H. Speidel, R. Ernst, A. E.

139 (1978. Stuchbery, C. W. Beausang, and R. Kriicken, Phys. Lett. B
[9] A. Arima and F. lachello, Phys. Rev. Let85, 1069 (1975 562 193(2003.

Ann. Phys.(N.Y.) 99, 253(1976. [25] A. E. Stuchbery, N. Benczer-Koller, G. Kumbartzki, and T. J.
[10] I. Morrison, Aust. J. Phys33, 801(1981). Mertzimekis(unpublishegl
[11] M. Sambataro, O. Scholten, A. E. L. Dieperink, and G. Pic-[26] D. Rudolph and K. P. Lieb, Nucl. Phy#597, 298 (1996.

citto, Nucl. Phys.A423, 333(1984. [27] E. Galindo, A. Jungclaus, and K. P. Lieb, Eur. Phys. J9A
[12] M. Sambataro and A. E. L. Dieperink, Phys. Let07B, 249 439(2000.

(1981). [28] E. Caurier, G. Martinez-Pinedo, F. Nowacki, A. Poves, J. Re-
[13] A. Wolf, O. Scholten, and R. F. Casten, Phys. Lett3B2, 372 tamosa, and A. P. Zuker, Phys. Rev.39, 2033(1999.

(1993. [29] E. Caurier, F. Nowacki, and A. Poves, Eur. Phys. J13 145

054304-8



SYSTEMATICS OF FIRST 2 STATE g FACTORS.. PHYSICAL REVIEW C 68, 054304(2003

(2002). 024315(2001).
[30] X. Ji and B. H. Wildenthal, Phys. Rev. @7, 1256(1988. [40] G. Jakob, N. Benczer-Koller, G. Kumbartzki, J. Holden, T. J.
[31] E. K. Warburton, J. W. Olness, C. J. Lister, J. A. Becker, and ~ Mertzimekis, K.-H. Speidel, R. Ernst, A. E. Stuchbery, A. Pa-

S. D. Bloom, J. Phys. G2, 1017(1986. kou, P. Maier-Komor, A. Macchiavelli, M. McMahan, L.

Phair, and I. Y. Lee, Phys. Rev. 65, 024316(2002.

[41] G. Jakob, N. Benczer-Koller, J. Holden, G. Kumbartzki, T. J.
Mertzimekis, K.-H. Speidel, C. W. Beausang, and R. Krticken,
Phys. Lett. B468 13(1999.

[42] G. Jakob, N. Benczer-Koller, J. Holden, G. Kumbartzki, T. J.

[32] C. A. Fields, F. W. N. de Boer, and J. Sau, Nucl. Phy898,
512(1983.

[33] D. R. Semon, M. C. Allen, H. Dejbakhsh, C. A. Gagliardi, S.
E. Hale, J. Jiang, L. Trache, R. E. Tribble, S. J. Yennello, H.

M. Xu, X. G. Zhou, and B. A. Brown, Phys. Rev. 63, 96 Mertzimekis, K.-H. Speidel, R. Ernst, P. Maier-Kkomor, C. W.
(1996. ) ) Beausang, and R. Kriicken, Phys. Lett.4B4, 187 (2000.

[34] A. Etchegoyen, W. D. Rae, N. S. Godwin, W. A. Richter, C. H. [43] T. Hayakawa, Y. Toh, M. Oshima, A. Osa, M. Koizumi, Y.
Ziemermann, B. A. Brown, W. E. Ormand, and J. S. Winfield, Hatsukawa, Y. Utsuno, J. Katakura, and M. Matsuda, Phys.
computer codeoxBAasH, MSU-NSCL Report No. 524, 1985 Rev. C 67, 064310(2003.

(unpublishegl [44] T. J. Mertzimekis, Ph.D. thesis, Rutgers University, 2002.

[35] A. Hosaka, K.-I. Kubo, and H. Toki, Nucl. PhysAd444, 76  [45] V. Werner, D. Belic, P. von Brentano, C. Fransen, A. Gade, H.
(1985. von Garrel, J. Jolie, U. Kneissl, C. Kohstall, A. Linnemann, A.

[36] H. Mach, E. K. Warburton, R. L. Gill, R. F. Casten, J. A. F. Lisetskiy, N. Pietralla, H. H. Pitz, M. Scheck, K.-H. Speidel,
Becker, B. A. Brown, and J. A. Winger, Phys. Rev.4Qd, 226 F. Stedile, and S. W. Yates, Phys. Lett.350, 140(2002.

(1990. [46] S. Kuyucak and A. E. Stuchbery, Phys. Lett. 818 315

[37] Chang-hua Zhang, Shun-jin Wang, and Jin-nan Gu, Phys. Rev. (1995
C 60, 054316(1999. [47] S. S. Anderssen, A. E. Stuchbery, and S. Kuyucak, Nucl. Phys.

[38] J. Holden, N. Benczer-Koller, G. Jakob, G. Kumbartzki, T. J. A593, 212(1995.
Mertzimekis, K.-H. Speidel, A. Macchiavelli, M. McMahan, [48] E. D. Davis and P. Navratil, Phys. Rev. 80, 2362(1994).
L. Phair, P. Maier-Komor, A. E. Stuchbery, W. F. Rogers, and[49] F. Brandolini, N. H. Medina, A. E. Stuchbery, S. S. Anderssen,
A. D. Davies, Phys. Lett. B493 7 (2000. H. H. Bolotin, D. Bazzacco, D. De Acufia, M. De Poli, R.
[39] J. Holden, N. Benczer-Koller, G. Jakob, G. Kumbartzki, T. J. Menegazzo, P. Pavan, C. Rossi Alvarez, and G. Vedovato, Eur.
Mertzimekis, K.-H. Speidel, C. W. Beausang, R. Kriicken, A. Phys. J. A3, 129(1998.
Macchiavelli, M. McMahan, L. Phair, A. E. Stuchbery, P. [50] M. P. Robinson and A. E. Stuchbery, Nucl. Instrum. Methods
Maier-Komor, W. Rogers, and A. D. Davies, Phys. Rev6g& Phys. Res. A469, 469 (2002.

054304-9



