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A novel implantation-decay technique has been employed to measure the magnetic moments of the
27 states in the neutron-deficient nucléiPt, 136Pt, and'8¥Pt. The magnetic moment systematics for
the even Pt isotopes now extend froffiPt o to 17988Pt120, spanning the upper half of the valence neutron
shell. Despite the prolate-to-oblate shape transition dear 190, they remain remarkably constant.
The g(21) values for!8+!86.188pt gre consistent with shape-coexistence models in which the deformed
configuration has a larger effective number of valence protons than the less-deformed configuration.

PACS numbers: 21.10.Ky, 23.20.En, 27.70.+q

Magnetic moments have played an important role inplanted into iron hosts as usual; however, the implanted
the elucidation of nuclear structure. The magnetic dipolenuclei are not those of direct interest, but rather their
properties of a collective nucleus are sensitive to differ-3-decay parents. After sufficient activity is built up, a
ences in the behavior of the proton and neutron “fluids,"multidetector array is used out of beam to measure per-
while the electric quadrupole properties depend on theiturbed y-y angular correlations in the daughter nuclei.
average behavior. As such, magnetic moments provid&his method is new in that it combines the conventional
a perspective on nuclear structure which may comple®implantation” and “radioactivity” techniques [1] with the
ment other measurements and discriminate between diensitivity of a multidetector array.
ferent theoretical approaches. The relative difficulty of In the present study, measurements were performed for
measuring the magnetic moment, however, often limiteach of the nuclei84186:188190.192pt ysing beams from
experimental studies to favorable cases. In heamgta- the ANU 14UD Pelletron accelerator. Experimental de-
ble nuclei very few measurements have been made faiails are summarized in Table I. The measurement on
short-lived excited states (i.e., states with subnanosecorttle naturally occurring nuclidé®’Pt provided both a
lifetimes). To address this problem we have developea¢heck of the experimental technique and a calibration of
an experimental technique that will enable more comprethe effective hyperfine magnetic field strength. (THe
hensive studies of magnetic moment systematics for lowstateg factor and lifetime have been measured previously
excitation states in heavy, neutron-deficient nuclei. Thig2,3].) The!°°Pt experiment was discontinued once it was
Letter reports the first measurements of 2fiestateg fac-  established that a more precise result would be obtained
tors in the neutron-deficient nucl&/Pt, ¢Pt, and!®®Pt.  using the transient field technique with a target enriched to
The new data extend the magnetic moment systematict in '°°Pt [3].
for the even platinum isotopes across the upper half of the The Fe-backed targets were irradiated at a distance of
valence neutron shell, frod¥*Pt to ' Pt. about 3 m from they-ray detector array Caesar [4], con-

Magnetic moment measurements of short-lived stateBgured with seven Compton-suppressed, ¥5my detec-

(7 < 1 ns)in heavy, unstable nuclei present an experimentors in a (vertical) plane. The seven detectors and their
tal challenge for several reasons: (i) Because of the shodngular placements give 21 two-detector combinations for
state lifetimes, a measurable precession may be obtainedy coincidences which may be grouped into six effec-
only if the integral perturbed angular correlation and distri-tive detector-detector angles: °184°, 49°, 63°, 70°, and
bution (IPAC/D) technique [1] is employed in conjunction 83°. After an appropriate irradiation period, the implanted
with the intense hyperfine fields100 T present at dilute
impurities implanted into ferromagnetic hosts. (ii) The

. . ; K TABLE I. Experimental particulars.
heavy-ion beams, required to create the nuclei and implagat P P

them during recoil into a ferromagnetic host placed be- Eveam®  Teye®  Trn®
hind a target foil, also interact with the ferromagnetic hostNuclide Reaction (Mev) (h)  (d)
producing background radiation which often obscures the 192py 18174160, 5,,)127(8+) 100 2 6
y-ray decays of interest. (iii) If the reaction leads to the 0pt  170g[25Mg, 51)'°Hg(B+) 128 1 1
population of many levels in cascade, the observed preces!®#pt  '9Tm(**Mg, 57)'8TI(8*) 128 0.33 6
sions may reflect the complex feeding paths rather than the'®Pt  'Yb(*F, 6n)"*Au(B*) 112 033 4
precession of an individual level. Pt '%Ho(**Mg,57)'%Au(g*) 128  0.06 7

Our implantation-decay technique avoids these difficul2Beam energyEy..m; cycle time (half irradiation, half count-
ties. The products of heavy-ion reactions are recoil iming), T.,.; run duration,T,,,.
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Fe foil was transported to the center of the array using a 2.5 AR T T
“rabbit” [5]. The foil was polarized perpendicular to the 2.0 |-
detection plane using small, permanent, NdFeB magnets 1.5
and the perturbegt-y angular correlations were measured. 1.0
Irradiation and counting cycles were repeated until suffi- g 0.5
cient statistical precision was achieved. To reduce possi- <
ble systematic errors, the direction of the polarizing field = 20
was reversed at least once during each experiment. 1.5
For eachy-y cascade we have four independent mea- 1.0 W
sures of the perturbed angular correlatidié, B). Two 05 T
arise from reversing the direction of the magnetic field 0 30 60 9 30 60 90 30 60 90 30 60 90
(%= B) and two from interchanging the-ray transitions ex- 0 [degrees]

amined in each detector of the pair{): FIG. 1. Measured and fitted perturb8f — 2 — 0{ angu-
by codk(=0 F A6y)] lar correlations. The unperturbed angular correlations (dotted
lines) are also shown.

W(:@,:B)=k:02’2,4 NrGot 1)

wherew = —g(uy/h)B, tankAf;) = ko, and the co- be published elsewhere. The hyperfine field strength was
efficientsb, have specified values [1]. The four angular found from the!®2Pt measurement to 1§82 + 8)% of that
correlations were fitted simultaneously to determine theobtained in radioactivity and spin-echo measurements,
precession angle r, an overall normalization parameter, —123 = 3 T [2,9]. To interpret such diminutions, it is
and a factor reflecting the ratio of counting times for “field conventional to assume a two-site model in which a frac-
up” to “field down.” For graphical presentation it is conve- tion of the implanted nuclei reside on zero-field sites. Itis
nient to combine the data using the fact th&t+ 6, +B) =  likely, however, that the nuclei on interstitial or damaged
W(—6,—B) and W(+6,—B) = W(—6,+B). The two sites have a reduced but nonzero field [10]. We have ana-
resultant angular correlations may then be referred to dgzed our data with the two-site model, considering
field up and field down, witl® always positive. several alternative assumptions about the fractions of
Figure 1 shows the data and fits for the — 2 — 07 nuclei at partial- and full-field sites, subject to the con-
cascades. The measured precession anglesnd the straint that the effective field is 92% of the full value.
deducedg factors are given in Table Il. Further details The differences in the extracted precession angles were
of the experiments, results, and analysis procedures willlways small compared with other sources of uncertainty.

TABLE Il. Measured precession angles andactors.

EQ2)) ;2 E,? wT(2)) T(2))° g(2)
Nuclide (keV) (keV) (mrad) (ps)
192pt 316.5 05 878.7 104 = 12

25 296.0 113 £9
37 604.4 120 = 30

110 £ 7°¢ 62 £ 2 0.30 + 0.01¢

188pg 265.6 05 533.4 155 = 11
25 340.0 189 + 22
37 670.8 123 = 42

160 = 10°¢ 93 + 7 0.29 + 0.04

186pt 191.6 05 279.7 624 * 53
af 298.6 590 * 64
25 607.2 522 + 98
37 765.4 628 + 105

601 = 35° 375 £ 14 0.27 = 0.03

184pg 163.0 05 329.0 1005 =+ 83
af 273.0 804 + 81
6, 362.5 917 + 138

904 * 53¢ 543 £ 13 0.28 = 0.03

Anitial level, I;, andy-ray energy.E,, of transition in coincidence with they — 0; transi-
tion.

bLifetimes from Refs. [6—8].

“‘Weighted average.

dCalibration value adopted from [3].
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The results presented in Table Il are for the case where nguadrupole interaction. Thejy factors, shown in Fig. 2,
field acts on 8% of the implants. At most, the alternativewere calculated in the cranking formalism. KB predicted
assumptions increasg(2{) in '$*Pt by ~4%. If the that the transition from prolate to oblate deformations in
192pt measurement were ignored and the hyperfine fielthe Pt isotopes lies betweéffPt and'*°Pt in agreement
from the literature [2,9] adopted, thefactors would all ~ with the more recent work of Bengtssenal. [16]. It is
decrease by 8%. evident from Fig. 2 that the work of KB, the IBM-2 esti-
We will discuss theg factors of the Pt isotopes in mates, and the global experimental trends all suggest that
relation to (i) global experimental trends, (ii) previous theg factors of the Pt isotopes might decrease toward mid-
theoretical work, (iii) shape coexistence, and (iv) theshell Vv = 104). Instead, they remain almost constant,
interacting boson model. agreeing withg ~ 0.7Z/A (although the mass variation is
Figure 2 shows the experimentgl;’) values for nuclei  in the opposite sense).
between'>2Gd and!'*®Pt, which haves0 = Z = 82 and Sprunget al.[17] have calculateqg factors for se-
82 = N = 126. Comparisons are made with benchmarklected Pt isotopes, also using the cranking formalism, but
estimates of the geometrical model (GM) [11] and thewith density-dependent Hartree-Fock wave functions. The
proton-neutron interacting boson model (IBM-2) [12]. In g factors in'¥*Pt and!3®Pt were calculated for both pro-
the GMggm ~ Z/A, while in theF-spin symmetric limit  late and oblate shapes. As shown in Fig. 3, ghfactors
of IBM-2 of KB for (prolate) 1%~ 18Pt do not agree with those for
_ prolate shapes calculated by Sprugigal. As g factors
gim = 87 Nx /Ny + goNu/Ny. () Calculated in the cranking approach can be very sensitive
whereN(,) is the number of proton (neutron) bosons andto the pairing parameters and the adopted single-particle
N, = N, + N,. Since the bosor factors areg, ~ 1  spectra, which in turn are affected by the nuclear shape, it
and g, ~ 0, gism ~ N/N,. In the upper half of a would be timely to reexamine these calculations in light of
valence neutron shell, where the bosons laokes, these the new data.
two models initially predict the opposite mass dependence The neutron-deficient Pt isotopes have low-excitation
for theg factors in a sequence of collective isotopes. Atthdevel structures that are indicative of shape coexistence
next level of sophistication, the inclusion of pair correla-[16,18,19]. Along with the ground band, there is an-
tions in the GM tends to reducggym to about0.7Z/A  otherK™ = 0" band built on a low-lyingd* state. The
[13], while the bosorg factors may be treated as empirical observed states can be interpreted in terms of the inter-
parameters (typical valugs. = 0.65, g, = 0.05, cf. [14]).  action between two coexisting configurations, one prolate
Kumar and Baranger (KB) [15] performed an extensivedeformed and the other oblate but near spherical. As the
theoretical study of rare-earth and transitional nuclei inenergies of th®, states are known, the degree of mixing
which they calculated the parameters of the geometrical

model Hamiltonian microscopically using the pairing-plus- Mass number
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in '8-19pt: (a) Kumar and Baranger [15]. (b) Density-
dependent Hartree Fock calculations for prola?® &nd oblate
(0) shapes [17]. The solid line indicates the present two-band
mixing results (see text). (c) IBM-2 in th&-spin symmetry
limit for the “normal,” N, = 2 (same as the upper dashed
curve in Fig. 2) and “deformed, N, = 4 configurations. The
Previous experimental data areolid lines areF-spin mixed calculations fol’°~'%8pt [3], and

the present band-mixing results f6¢~'88pt.

neutron number

FIG. 2. Systematics oR; state g factors in nuclei with
50 = Z =82 and82 = N = 126. The dashed lines are IBM-
2 estimates [Eq. (2)] witlg»,) = 1(0) andg«) = 0.65(0.05).
The dotted lines show /A and0.7Z/A. Solid lines are from
Kumar and Baranger [15].
tabulated in Refs. [3,25].
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between the coexisting structures can be determined fromxtended across a long chain of isotopes that includes
the level scheme. Once the unperturbed ground state eneutron-deficient nuclei far from stability. In the tran-
ergy has been found by fitting the high-spin states in thesitional Pt nuclei the measured?2;) values remain re-
ground band, the interaction strength may be extractetharkably constant, contrary to expectations that they might
[18], and, assuming it is spin independent, the wave funcdecrease markedly near the middle of the valence neutron
tions determined for the excited states. Obse®2dran- shell. Theg factors are consistent with shape-coexistence
sition rates [7,18] andZ0 transitions in'84Pt [20] are in  models in which the deformed configuration has an in-
accord with such empirical wave functions. Recently, acreased number of active protons.

series of decay measurements on the spectroscopies ofWe are grateful to our colleagues T. Kib’edi, P.H.
178,180.182pt has been interpreted using three-band mixindRegan, A. M. Baxter, P. M. Walker, and B. Fabricius for
(a quasiy band is included) [21]. To estimate tlgefac-  assistance with the experiments. One of us (A.E.S.) is
tors, however, we will use the simpler two-band approactsupported by the Australian Research Council.

[18]. From fits to the level schemes we find that the
deformed configuration dominates the wave functions of
the 2| states in'$27183pt, i.e., ~70% to 80% amplitude
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