PHYSICAL REVIEW C, VOLUME 65, 024316

Evidence for proton excitations in 3913213413%e jsotopes from measurements
of g factors of 2] and 4; states

G. Jakobt N. Benczer-Kollet G. Kumbartzki* J. Holden! T. J. Mertzimekis: K.-H. Speidef R. Ernst? A. E. Stuchbery,
A. Pakou? P. Maier-Komor> A. Macchiavelli® M. McMahan® L. Phair® and I. Y. Leé
!Department of Physics and Astronomy, Rutgers University, New Brunswick, New Jersey 08903
2Institut fir Strahlen- und Kernphysik, Universtt8onn, Bonn, Germany
SDepartment of Nuclear Physics, Research School of Physical Sciences and Engineering, Australian National University,
Canberra ACT 0200, Australia
“The University of loannina, 45110 loannina, Greece
SPhysik-Department der Technischen Univetshiinchen, Munich, Germany
SLawrence Berkeley National Laboratory, Berkeley, California 94720
(Received 2 October 2001; published 22 January 2002

The g factors of 2, 4/, and 2 states in the stablé301321341%e jsotopes have been measured via
projectile Coulomb excitation in inverse kinematics in combination with the transient field technique. The
results show a steady decreas@(2;) as the number of neutron holes increases in the lighter nuclei below
the closedN=82 neutron shell. Thg factors of the 4 states in***1*%e are consistently larger than tige
factors of the Z states, a characteristic of proton excitation. Theactors of the 2, 4], and Z states in
13%e are approximately equal as would be expected for vibrational excitations.
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[. INTRODUCTION The success of IBM-1l extended to heavier nuclei in the
88<N<120 region. However, as in the lighter nuclei, major
The region 54 N<80, spanning the isotopes of Ru, Pd, discrepancies between theoretical predictions and experiment
Cd, Ba, Xe, and Te, contains nuclei described by configuraarose when a new generation of very precise measurements
tions lying between spherical and deformedoft vibrators.  of g factors[10-12 became available. In the Nd and Sm
This interpretation arises primarily from examination of theisotopes, deviations from the model occurred not only as a
energies of excited states as well as transition probabilitiesunction of N, but also as a function of spiil,12. These
The ratiosR=E(4;)/E(2;) remain fairly stable between deviations were understood in terms of an important inter-
2.0 and 2.5 for 6 N< 80, and theB(E2)’s decrease from play of single-particle configurations with the emerging col-
about 80 to 20 Weisskopf units over the same interval. Evetective structure.
within the large statistical errors of the early experiméfis The stable even'?*~13%e isotopes, with four protons
the g factors of the Z states conflict with the traditional above theZ=50 shell closure and spanning the range from
interpretation, lying well below the valu&/A expected fora 70 neutrons to the closed shell bit=82, provide fertile
collective vibrational state. This general trend is usually atground to probe the development of collective structures as
tributed to differences in pairing strengths for protons andhe number of neutron holes increases. Single-particle effects
neutrons[2]. However, in the case of the Xe isotopes andcan be expected to dominate near tiie-82 shell closure
other nominally vibrational nuclei in transitional regions nearand may lead to variations in the factors of the low-
closed shells, the effect of pairing may be less importangxcitation states. As the nuclei become collectigefactor
because single particles can play a key role ingHactors.  variations may still occuf13-15, but they are harder to
The advent of the interacting boson model, especially the&xplain in collective models, which, to first order, predict
version where neutrons and protons are treated separatéfyat all low-lying excited states have identicgl factors.
[3,4], IBM-II, yielded remarkable agreement with the new, F-spin-mixing mechanisms in the proton-neutron interacting
much more preciseg factors of 2 states of even-even nu- boson model can account fg¢2;)/g(2;) variations of the
clei from Ru to Te[5], obtained with the transient field tech- order of<10% [15,16], but differences betweeg(2;) and
nique[6,7]. The B(E2;2; —07)’s calculated in this model, g(4;) require a mechanism outside the IBM-II model.
with constant effective charge for the entire isotopic chain, These considerations provided the motivation to measure
were in very good agreement with the experimental §&ta  the g factors of the first 2 and 4" states of these Xe iso-
A recent calculation of thg factors of the g states of Xe topes. Theg(4;) factor of 13%Xe [17] and theg(2;’) factors
and Ba isotopef9] with the wave functions of Ref8] and  of ?*~13%e [18-2( have been previously determined with
bosong factors,g,,=1 andg, becoming increasingly more the IMPAC and IPAC methods. However, these results de-
negative with increasind\, yielded results slightly smaller pend directly on knowledge of the lifetimes of the nuclear
than the lowest-order IBA-Il prediction: namelyg  states. Conventional transient field measurements of the
=g.(NL/(N,+N,)+9,(N,/(N.+N,)), where g,=1  g(27) factors of 3213413Ke had been carried out using Xe-
andg,=0. The IBA-Il model also predicted that tlgefac-  implanted carbon targets and iron as the ferromagnetic host
tors of 4, states are equal to those of th¢ &tates. [21]. In the current experimeng, factors of 27, 4;, and 2
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states in 13013213416 isotopes were measured with the [26]. In the present work, isotopically pur£®1321341%¢e
relatively high precision that ensues from inverse kinematicbeams with energies between 485 and 508 MeV were pro-
experiments carried out on beams. In addition, the high revided by the 88-Inch Cyclotron at the Lawrence Berkeley
coil velocity of the isotopes studied allowed measurement§lational Laboratory. A multilayered target was used, consist-
of mean lifetimes of various excited states by the Dopplering of a 1.0 mg/cri "Ti excitation layer, onto which 5.2
shift attenuation methotDSAM) with higher precision than mg/cr? of gadolinium was evaporated at high temperature
quoted in the literaturé22—25. Figure 1 displays the low- [27]. A copper stopper layer of 4.9 mg/¢ron the backside
lying energy levels of the stabfE1321341%¢ jsotopes and of the gadolinium provided good thermal conductivity. An

Table | presents the available spectroscopic information. additional 9.0 mg/cth copper foil was placed behind the
target as a beam stop.

The 13013213416 projectiles were Coulomb excited to
their 2, 4;, and 2 states by impinging on th&*Ti target
layer and subsequently traversed the polarized ferromagnetic

The experimental procedure and subsequent analysis gfadolinium layer, where they experienced spin precession in
the data follow very closely the recent work on Kr isotopesthe transient magnetic hyperfine field. The excited Xe ions

Il. EXPERIMENTAL PROCEDURE
AND DATA ANALYSIS

TABLE I. Spectroscopic data on the low-lying levels t¥+1321341Re [22-25. Energies are in MeV,
mean lifetimesr in ps,B(E2)’s in Weisskopf units, an8(M1)’s in ,uﬁ. The first line of the lifetime and
B(E2) data presents the results from the DSAM analysis of the current experiment, while the data marked by
an asterisk*) are from Refs[22-25.

13Xers 132Xerg 13 Xego 13oXeg,
E(2)) 0.5361 0.6677 0.8470 1.3130
7(27) 12.66) 6.602) 3.02) 0.522)
12.4(14) 6.8(3) 2.7(6) 0.59(26)
E(25) 1.1221 1.2979 1.6138 2.2895
7(23) 6.6(5) 4.44) — —
E(4]) 1.2046 1.4403 1.7312 1.6944
7(47) 3.52) 2.602) 3.2(2) 1.90 10°*
E(47)/E(27) 2.247 2.157 2.044 1.290
(25 —2)/1(25 —07) 6.4929 14.914) 0.96(6) 0.262)
825 —27) +3.75(12) +4.07(16) —2.4(2) —
B(E2; 2/ —07) 37.1(17) 23.76) 14.711) 10.34)
38(5)* 23.2(10y 17.7(33f 9.0(40)F
B(E2; 4/ —2]) 44.520) 28.924) 12.1(8) 1.25(6)
B(E2; 25—2]) 37.1(28) 41.333) — —
B(M1; 2, —2]) 0.0024723) 0.0027630) — —
B(E2; 2, —0;) 0.23820) 0.0799) — —
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TABLE II. Characteristics of the reaction kinematics. EnergiesThese two quantities are measured separately.
are given in MeV(E)in, (E)out, (v/vo}in, and(v/vg)oy are the The particley angular correlationd\/(6.,) were deter-
calculated average energies and velocities of the excited Xe ions gfined from anisotropy measurements in which shdetec-
they enter into and exit from the gadolinium target lay@s  tors were alternately placed at angless0°, =130° and
=€’/h is the Bohr velocity. +80°, =100°. Anisotropy ratios were thereby indepen-
dently derived from the two detector pairs and are given by

Isotope Epeam <E>in <E>out <U/U0>in <U/U0>out the cross ratios
130 e 509 111.7 12.8 5.89 1.99
13 N;(—130° N,4(+130°
13?(e 499 1114 131 5.83 2.00 R(130°/1009 = \/ 1( ) Ny( )

Xe 492 111.8 13.7 5.80 2.03 N;(—100° N,(+100°)
138e 485 112.2 14.3 5.77 2.06

and
come to rest and decay in the copper target layer, free from N,(—50°) Ng( +50°)
further hyperfine interactions. The kinematics of the excited R(50°/80°) = \/ 2 3 ,
N,(—80°) N3(+80°)

Xe ions, calculated from the stopping powers tabulated by
Ziegleret al.[28], are summarized in Table II. o )
The recoiling titanium ions passed through the target andvhereN;(é,) are the coincidence counting rates of the pho-
copper foil and were detected in a rectangular solar cell detopeak of they transition in theith detector and are propor-
tector. This particle detector, centered at 0° relative to thdional toW;(6,). S _
beam, subtended angular ranges=025° perpendicular to By constructing the ratios in this way, many systematic
and+11° parallel to they detection plane. The shape of the €T0rs cancel, including uncertainties in thg beam current,
particle detector was chosen to enhance the angular correlime of measurement, and relative efficiencies of the detec-
tion [29]. In order to provide good ferromagnetic propertiestors- W(#,) was extracted from these ratios, and the loga-
for the gadolinium layer throughout the spin precession meadthmic slope was calculated at the detector position in the
surements, the target was mounted on the tip of a magnegffect” measurement as described [i26]. o
which was cooled by liquid nitrogen. The magnetization of 10 measure the “effect’s, an external magnetic field of
the target was measured before and after the experiment ext=0.06 T was applied alternately (‘up”) and |
an ac magnetometdB0] and found to remain constant at (‘down”) with respect to they-ray detection plane. The four
M=0.1613 T. Two iron cones span the space between the€ detectors were placed &at66° and+114° with respect
target and the input collimator on the upstream side and tht the beam axise is then expressed as the ratio
particle detector on the downstream side to eliminate pos-
sible bending of the beam and recoiling ions in the stray e=— —
external magnetic field applied to align the magnetization of p+1’
the gadolinium foil. Deexcitationy rays were detected in ) ]
two pairs of Ge detectors with relative efficiencies of 40%Where the “double ratio’p= \p1 4/p, 3 is constructed from
and 50%, respectively, located upstream and downstream &atios of coincidence counting rates of the two pairs of de-
the target. In addition, a 25% Ge detector was placed at 04€CtOrs:
Figure 2 shows the coincidence spectra observed for the
130,132,13413¢e isotopes. The observed transition intensities, _
corrected for their angular correlations, were in excellent Pii—
agreement with Coulomb excitation calculatid@4].
The major advantage of the inverse reaction kinematic@s in the case of the anisotropy ratios, the ratioare de-
over the standard reaction is that several isotopes can Bfgned such that most systematic errors cancel.
measured with the same target. This feature diminishes sys- This analysis was sufficient to determine théactors of
tematic errors attributed_to uncer’gainties in the_ layer thi_ck-the 2/ states in'3*13%e, which are not appreciably fed by
nesses and ferromagne_nc properties of the dell_cate mu|tl|a)ﬁigher states. However, the analysis of thg Btates in
e_red tar.gets. Ar_lother |mpor'ganF advqntage anses_from thes0,1334 is more complex due to considerable feeding con-
kinematic focusing of the coincident lighter target ions de-
tected by the particle detector at 0°, which provides a m
higher excitation yield for the states of interest.

_p71

N/-N/
N{-NT

tributions from the 2 and 4 states. In these cases, the

UC'6bserved decays of the 2states contain contributions from
the higher states which must be subtracted in order to obtain
e and S corresponding to the precession of the magnetic
moment of the state of interest. The details of the analysis
The precession angle of the excited nuclear state is detewere presented ifil5,26,33.

mined as the ratio of the spin precession “effeetand the

logarithmic slope of the angular correlation,S B. Measurement of lifetimes

=(1/W)dw/de:

A. Determination of the precession angleA @

Mean lifetimes of 2 and 4 states in1301321341%¢
Ao=¢€lS. isotopes were determined from the DSAM analyd8] of
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the Doppler-broadened line shapes observed in detectors lments[22—25. The stopping powers of Reffi28] were used
cated at 0°, 50°, and 66° with respect to the beam. In eacim the analysis. The quoted errors were obtained by doubling
case, the best spectra were chosen on the basis of achievitige statistical errors in the measurement to account for pos-
a balance between statistics and higher resolution of shiftesible systematic uncertainties in the DSAM arising from the
and stopped contributions to the peaks. Side feeding contrcomplex nature of the target.
butions to the 2 state from the 4 state decay were taken
into account. . RESULTS

Figure 3 displays the DSAM fits to the Doppler-
broadened lineshapes of the; 42, transitions in
130.13213%e and of the 2 —0; transition in 1*%Xe. Life-
times of the 4 states of 13913213%ke and 2 states of un [ tout
130.13%e have been measured for the first time. The mean Ab=-95" | Bre(v(t),2)e7"" dt, D
lifetimes of the 2 states obtained in this experimeiTable "
[) are in agreement with the results of previous measurewhereB+ is the transient field, which depends on the veloc-

Theg factors were deduced from the measured precession
anglesA 6= €/ S by the expression
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FIG. 3. DSAM analysis of the #—2; transitions in the'**13213%e even isotopes and thg 2-0; transition in *3*Xe. The solid line
represents the best fit to the data. The wiggle in the fitted line, which is very pronounced fdfXae2; —0; transition, arises from the
layered structure of the target. Most of the intensity under the stopped peak corresponds to feeding from the decay of the Ignstditeed 4

ity v and atomic numbeZ of the probe ion;r is the mean long-lived 4, state in**®Xe was corrected for the precession
lifetime of the state being examined, ang andt,; are the in the 0.06 T external magnetic field. Table IV compares the
mean entrance and exit times of the ions traversing the gaesults of this experiment with the data from previous mea-
dolinium layer. The Rutgers parametrizatiofl was used to  surements.

evaluate the strength of the transient field. The slopes, pre- As can be seen from Table IV, thgg2;) factors of the
cession angles, and resultiggfactors are summarized in 1301821341%@ isotopes are in qualitative agreement with
Table Ill. The precession of the magnetic moment of theprevious IMPAC and transient field measurements which had
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TABLE lIl. Results of the measurements of the logarithmic slofeg,) of the particley angular correlation of the individual nuclear
states, the spin precession angleg and theg factors.

|S(66°)| Ao g |S(66°)| Ao g |S(66°)| Ao g
(mrad (mrad (mrad
27 47 25
13%ess 2.49523) -30.1100 +0.33411)  0.9437) —-34.443 +0.425) 0.7247) -38.877) +0.459)
132X erq 2.55327) -26.9100 +0.31412) 0.9619) —46.985) +0.6111) 0.7108) -6.89179  +0.12)

13%eqy  2.59514)  -27.15)  +0.3547) 0.9725) -62.3117  +0.8015 — — —
13%%eg,  2.67941) -30.416) +0.76645  0.9899) —104.71420  +1.0843? — — —

&The observed effect for this long-lived state has been corrected for the precession in the external field.

been carried out under different experimental conditions. Theéhe other hand, the behavior g{4;) differs from that of
average of the IMPAQy(2;) factor measurements, of pre- g(2;). It is probably a coincidence that(4;) follows the
vious transient field data and the new results for gigé; ) IBA prediction since thesg factors are more realistically
andg(2,) factors, are shown in Fig. 4. Theefactors of the  interpreted as evidence for proton excitations r¢ar82.
47 states of the™*13213%e isotopes have been measured for  The value ofg(***Xe; 2;) tends to be small, suggesting
the first time. Theg factor of the A; state in 13%e was a configuration dominated by neutron single-particle states.
measured previously in a radioactivity measurenjét. Interestingly, theg factors of the 2, 4;, and 2 states of
13%e have the same value within errors, in agreement with
the collective picture wherg=Z/A.
IV. DISCUSSION The N=82 isotones neaZ =50 have been the subject of
The g(2;) data displayed in Fig. 4 lie well belo&/A, a number of recent shell model stud_ies in vyhiph the valence
the prediction of collective models. As expected, héac- proton conflgurat_|ons were unre.stncted. within the 50-82
tors of the 2 and 4 states in*¥Xe are large, supporting major shell and dlfferer]t resmjual interactions were employgd
proton excitations. As a first approximation both states aré%_ga' The semimagic Sn |soto.pes have "’.‘ISO been studied
expected to be described byga,, proton configuration. A recently by s_hell model calculatlon_s n Wh'ch the valence
recent calculation within the framework of cranked Hartree-€Utron configuration was unrestricted within the 50-82
Fock-Bogoliubov formalism [34] predicts g(2. :%%e) neutron shell, and realistic two-body residual interactions
1
=1.0022, somewhat larger than the experimental results, an\ﬁe.rl% %rgtrgoi/r?gig]l'culations have emphasized level eneraies
g(4; ;*%¢e)=0.8227, in good agreement with the data. The ’ P g

, ; Y e and sometimes transition rates. Theoretical work which cal-
ci?lculatlons also agree W+'th the data 642, ) andg(6;) in ¢jates the magnetic moments in nuclei niar 82 is scant.
®a, but overpredicy(4;).

Theg(2;) of the lighter isotopes decrease steadily as the

number of neutron holes in the closét=82 shell is in- L8f N ]
creased, as expected since ting,, neutron configuration, barooom 21 ]
with its negativeg factor, should play an increasing role. On [ 2 . 4 I
| 5 _
B pam +
TABLE IV. Comparison of previous measurements g{2;) 1| .
andg(4;) with the current data. The data of RE21] were reana- 0.9} .
lyzed with the newly determined lifetimes and the linear parametri- 3 oo + 1
zation of the transient field in iron determined in Re5). % v ]
0.6 b 4
2} Ref.[18] Ref.[19] Ref.[20] Ref.[21] This work i P .
af o ]
2%, +0.232) 0.t = = " :
1EXer +0.274) +0.377) “l 1
128%e,, +0.313) +0.41(7) i Y :
1Xers +0.31(4) +0.397) +0.33411) il ]
13Xeg +0.386) +0.395) +0.375) +0.34934) +0.31412) D
122)(680 +0.50449) +0.3547) 70 7 74 7 78 80 82 N
13
3% eg, +0.8310) +0.76645) FIG. 4. Comparison of thg factors measured in this experiment
47 Ref.[17] This work (solid symbol$ with the_ average of previous dafapen symbolsin _
Refs.[17-21]. The solid line represents the IBA-Il model predic-
1ggxe82 +08q15) +10&43) tionlog):grr(Nﬂ'/(N‘n—"_Nv))+gV(NV/(N1'r+NV)) (Wlth 9= 1 and
9,=0).
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TABLE V. Single-particle energies and calculatgdactors for
proton and neutron-hole orbits 1§iSny; and '33Shy,. The effective
orbital and sping factors are discussed in the text.

Orbit Neutron holes3Sn, Protons:'33Shy,

Ex (keV) g Ex (keV) g
2dg, 0 +0.554 2439 +0.544
1hy1 242 —-0.223 2793 +1.39
38y, 332 —2.65 2920 +4.04
2ds, 1655 —0.514 962 +1.54
197 2434 +0.317 0 +0.803

An exception is the work of Whitet al. [40], wherein the
moments of the 7/2 ground states in the oddl; N=82,

PHYSICAL REVIEW ®5 024316

hole states in'3:Sr, (Table V). Surface delta interactions
(SDIs) were used to represent the two-body residual interac-
tions. The proton-proton A,,=0.23MeV) and neutron-
neutron @,,=0.19 MeV) interactions give comparable de-
scriptions of the level energies i3 Tes, and 39Sny,
respectively. The calculated spectrum gfShy, is not very
sensitive to the strength of the SDIs. The valéde,,
=0.25 MeV was adopted, based on the expectation that
A ~A..~A,~25/A MeV, and that this value gave a
slightly better description of:Shy, than the lower values
adopted for the proton-proton and neutron-neutron interac-
tions.

Since core polarization and meson-exchange currents af-
fect the single-particlg factors, the orbital and spopfactors
of the neutron were chosen to give a good account of the

isotones have been studied in some detail, along with thexperimentalg factors of the (3/2) (2ds,) and 11/2
7/2" ground states of th&l<82 isotopes of Sh. Recently, (1h,,,) states in'33Xeg;. The corresponding quantities for
magnetic moments have been calculated with different shethe proton were chosen to reproduce thdactors of the
model calculations in a few cases in neutron-rich nuclei nealow-lying (7/2)" (197, and (5/2)" (2ds,) states in the odd-

$325n[41].

A new set of shell model calculatioriexBAsH [42]) has
been performed for the Xe and Te isotopes nblar 82
where the valence protons occupied #we 50—-82 shell and
the neutron(holes were in theN=50-82 shell. In other
words, valence protons and neutrons were addedlgﬁgo

Z, N=82 isotones[1]. The values adopted arg,(w)
=1.13, g{(m)=4.04=0.71["%%7), g(r)=0.02, and
0s(v)=—2.65=0.69 *%(v). For the protons, the effective
single-nucleorg factors are close to those calculated in Ref.
[40]. The single-proton and single-neutron-hole spectra are
shown in Table V together with their single-partigefac-

core. The single-particle energies were chosen to reproduders.

the single-proton states ir'ﬁbesz and the single-neutron-

The striking feature of the single-particle spectra shown in

TABLE VI. Calculatedg factors for the lowest states of spin 2, 4, and 6 in the even Te and Xe isotopes
and comparison with experimental values. Calculation | considers a shell cloBed a4, while calcula-

tion 1l utilizes the full 50—82 shell.

1331—982 1§§T €50 1221- €73 1§z?xesz lgixeso 1gixe78
27 Calc. | +0.811 +0.648 +0.598 +0.812 +0.594 +0.510
Calc. Il +0.858 +0.448 +0.445 +0.861
Expt. +0.297135 2% +0.76645  +0.3547) +0.31412)
25 Calc. | +0.736 +0.399 +0.229 +0.812 +0.463 +0.423
Calc. Il +0.947 +0.490 +0.448 +0.828
Expt. +0.1(2)
45 calc. | +0.810 +0.789 +0.766 +0.811 +0.780 +0.740
Calc. Il +0.823 +0.804 +0.827
Expt. +0.8314)°  0.61(11)
45 calc. | +1.097 -0.167 -0.174 +0.810 +0.782 +0.739
Calc. Il +1.146 -0.154 +0.838
6;  Calc. | +0.816 +0.804 +0.786 +0.818 +0.800 +0.777
Calc. II +0.817 +0.807 +0.823
Expt. +0.84625°¢ +0.799)¢
6,  Calc. | +1.169 -0.010 -0.057 +1.165 +0.560 +0.429
Calc. Il +1.168 -0.112 +1.160

@Average ofg factors quoted in Ref1].

PAverage ofg factors of Ref[17] and present work.

‘Referencd43].
dreferencd 44].
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Table V is the subshell gap between thé;2, 1h,,,, and  structures. For example, the sign reversals predicted fay the
3s,, orbits and the s, orbit. It follows that the valence factors of the 2 and 4 states in the'** 37 5 isotopes
proton excitations in the even Xe isotopes will involve pre-are not present in the corresponding Xe isotones.
dominantly w19y, configurations with somer2ds;, admix- From the point of view of the present calculations, it is
tures and much weaker contributions frardz,, m1hyy,  very difficult to obtain a small value fog(2;) in ‘32Xes,
and 73sy,. In contrast, the close proximity of the corre- pecause the two lowest2states have similar structures and
sponding neutron-hole orbits near the Fermi surface, namelyhe larger basis calculations drive their calculated values to-
v2dgp, v1hyyp,, andv3s,y,, implies that the low-lying low-  ward Z/A. The immediate suggestion is that the proton-
spin neutron excitations will have mixed contributions from neutron interactions are too strong. The calculations also
all three of these orbits. As a first approximation a set ofyjeld largerg(2; ) than experiment. It is certainly possible to
calculations(Table Vi) with closedN =64 ?glodézzlgm sub-  adjust the residual interactions to improve the calculations of
shells(calculation ) was run for the nuclef*****3te and  the 2* state energies and this aspect should be considered in
132134%e. Since the interactions were not adjusted to acfuture work. However, with even a few valence nucleons
count for the truncated space, these give a relatively poothere are likely to be collective components in the lowest 2
description of the excitation energies. However, these calcustate that are not easily included in shell model calculations,
lations do define the dominant components of the wave funcand it may be necessary to employ a particle-core migtg!
tions and hence give a first semiquantitative estimate ofthe to describe the interplay of collective and single-particle fea-
factors. A second set of calculatiofalculation 1) with no  tures.
restrictions on the valence configurations in the 50—82 major In summary, high-precisiowg-factor data were obtained
shell was also performed. As a result of limitations on thefor low-lying 2" and 4" states in301321341%e ysing a
number of configurations that can be included in the calcunew experimental technique involving Coulomb excitation
lation, this approach could only be used f&§3Xeg, and  of beam projectiles in inverse kinematics combined with the
18243 Mego g2 and for the 2 states in'S5Teyq. transient field method. These precise experimegfaktors,
The calculations indicate that the proton excitations areexamined in conjunction with level energies, transition prob-
mainly 72ds,, while the neutron configurations are a mix of abilities, and a first set of shell model calculations, are able
v2dg, andvlhy,,, with the vlhy,, orbit being more domi- to provide detailed information on wave functions of these
nant as the spin increases. The neutr@s,,, orbit plays a  excited nuclei. A complex picture of single-particle interac-
much smaller role. tions coupled to collective motions is required to explain the
For N<82, the 4 states consistently have larggifac- ~ observedg-factor variations.
tors than the 2 states, in agreement with experiment, and
there is a tenden(?y for the second &tate to 'have a smaller ACKNOWLEDGMENTS
g factor than the first 2 state (N<82), but this trend can be
quenched or even reversed if the basis space is increased. The authors are indebted to the staff of the 88-Inch Cy-
As expected, increasing the size of the basis space usualgjotron of the Lawrence Berkeley National Laboratory for
pushes the low-excitatiog factors closer to the collective their assistance during the experiment. One ofKisH.S)
model values and suppresses the variations seen in thshes to thank the Rutgers Nuclear Physics Laboratory for
limited-basis calculations. The fact that the experimentallyhosting summer visits during 1998-2000. A.E.S. acknowl-
observedg-factor variations are quenched in the large basiedges the support of the Australian Academy of Science In-
calculations suggests that the residual interactions, and paiernational Exchange Program. The work was supported in
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