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G–factor of the first 2+ state in 180Pt
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Abstract. The g–factor of the 2+
1 state in 180Pt has been measured by means of an implantation-decay

technique in conjunction with the γ-ray detector array GASP, thereby extending the g(2+
1 ) systematics

for Pt isotopes across the upper part of the valence neutron shell, beginning below mid-shell. Despite the
variation in the number of valence neutron holes from 6 to 22, the g-factors remain nearly constant and
near 0.7Z/A.

PACS. 21.10.Ky Electromagnetic moments – 23.20.En Angular distribution and correlations measure-
ments – 27.70.+q 150 ≤ A ≤ 189

The low-excitation spectroscopy of the even platinum iso-
topes, 174Pt through 198Pt, provides one of the most stud-
ied, yet intriguing, cases of shape transition and shape
coexistence phenomena [1] in atomic nuclei. While the
stable isotopes (A ≥ 190) are oblate [2,3], there is a
transition to prolate shapes at about N = 110 (188Pt).
The nuclei 180−184Pt, near mid-shell (N = 104), have
rotational-like ground-state bands associated with prolate
deformation [3], while the lighter isotopes have irregular
level sequences indicative of coexisting deformed and near
spherical shapes (see [4,1] and references therein). Semi-
empirical band-mixing calculations [4] reproduce the level
structures and imply relatively large mixing between the
strongly and weakly deformed states. Electric quadrupole
transition rates in 184Pt are consistent with this picture
[5]. To understand shape mixing and the shape transition
in the light transitional Pt isotopes at a more fundamen-
tal level, it is important to seek information concerning
the underlying configurations of the coexisting structures.
Measurements of g–factors may provide this information
as the different shapes are believed to correspond to very
different configurations [3].

The g–factors of the first 2+ states in the even-even
stable Pt isotopes have been accurately measured both
at Australian National University (ANU) and at Legnaro
National Laboratories (LNL) [6–8]. The values are quite
constant as function of the number of neutrons, in con-
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tradistinction with Os stable isotopes, where a marked
increase with the neutron number has been observed. In-
teracting boson model (IBM-2) calculations with a fixed
number of bosons reproduce the systematics only for the
Os isotopes [6], so that F–spin mixing has to be intro-
duced [8,9] for the Pt isotopes. Pairing-plus-quadrupole
model (PPQM) calculations predicted nearly constant g–
factors for the stable isotopes of platinum and osmium,
and decreasing g-factors for the neutron-deficient isotopes,
in qualitative agreement with IBM-2 expectations [10].

A systematic study has been performed at the ANU, to
extend the g–factor systematics to the unstable neutron-
deficient Pt isotopes. Specifically, the g–factors of the 2+

states in 184Pt, 186Pt and 188Pt were measured relative
to 192Pt [11] and these were found to continue the near
constant trend. The technique consisted in measuring the
precession of γ-γ angular correlations for the cascades
0+
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1 → 0+

1 , 3+
1 → 2+

1 → 0+
1 , 4+

1 → 2+
1 → 0+

1 and
2+

2 → 2+
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1 in the nuclei of interest which were popu-
lated by β+–decay of Au isotopes. The β+-emitters were
produced with a suitable heavy-ion fusion reactions using
a chopped beam and the delayed γ–γ coincidences were
observed in off-beam condition using a seven Ge detector
array.

It is interesting to extend the measurements toward
more neutron-deficient nuclei around N = 100 and to ap-
ply the technique with a larger multidetector array. In this
work we report an investigation of the N = 102 nucleus
180Pt. The measurement is more difficult than the pre-
vious ones owing to a lower fusion-reaction cross section
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Fig. 1. Background subtracted coincidence γ–ray
spectrum of 180Pt gated on the 2+ → 0+ transition
of 153 keV for all detector combinations for one
field direction

and less favourable β-decay branching. Our study was un-
dertaken at LNL with the GASP array composed of 40
Compton suppressed HPGe detectors of about 80% rela-
tive efficiency. The reaction 149Sm(35Cl,4n)180Au was used
at 168 MeV with an average beam current of 7 pnA and
for about 2.5 days beam time. The target, kept at liquid
nitrogen temperature, consisted of 1.2 mg/cm2 of 149Sm
on a 4 mg/cm2 Gd foil, and with a backing of 0.1 mm
Au. To polarize the annealed Gd foil an external field of
0.045 T was produced by two NdFeB permanent magnets
which were interchanged every 12 hours to reverse the field
direction. The two magnets had a cylindrical shape and
obscured two germanium detectors along a symmetry axis
of the GASP array. Technical difficulties concerning the
implementation of a rabbit system, as made in Ref. [11],
in the GASP array for the short 180Au lifetime (8.2 s) sug-
gested the use of Gd as the ferromagnetic medium, which,
in virtue of the higher Coulomb barrier, avoids the high
γ-ray background that would come from fusion reactions
on an iron layer.

A chopped beam with period T=52 µs and a duty cycle
of about 75% was used. The γ–γ coincidences were accu-
mulated only in off–beam conditions. The angular corre-
lation was analysed in each of the 1406 useful detector
combinations, by extracting the number of coincidences
for gates on peak–peak, peak–background, background–
peak and background–background, respectively. In this
way 4 matrices (40×40) for the 0+

2 → 2+
1 → 0+

1
(324 keV → 153 keV) cascade were created from the list
mode data, for each field direction. From these matrices
the experimental angular correlation information has been
condensed into a background subtracted peak–peak ma-
trix, in the following referred as the angular correlation
data, and one containing the propagated statistical error.

The acquired background subtracted peak–peak coinci-
dences in all detector combinations were about 1.2×104

for each field direction. As seen in Fig. 1, the cascades
fed by the 3+

1 → 2+
1 , 4+

1 → 2+
1 , and 2+

2 → 2+
1 transitions

do have a similar number of counts, but they were not
useful for the present g–factor determination because the
angular correlations have small slopes.

The hyperfine static field for Pt in Gd has been
recently measured to be –38(5) T [12] from an in-
tegral IMPAC measurement following Coulomb excita-
tion of 194,196,198Pt. (Only a rather old determination of
−78(12)T [13] was previously reported in a similar exper-
iment; however the data for 196Pt (and most likely 198Pt)
have since proved incorrect [12].) The hyperfine field for
Pt in Gd is therefore considerably smaller than that for
Pt in Fe, namely 113(9) T, obtained in the implantation-
decay measurement on 192Pt [15,11]. The smaller field
for Gd hosts is not a real drawback since the long life-
time of the 2+ state, τ= 540(50) ps [14], implies that the
higher field value would give rise to a strong attenuation
of the angular correlation. Of more concern is the fact that
all of the implanted nuclei may not experience the same
hyperfine field strength, as will be discussed later.

The unperturbed angular correlation observed for the
2+

1 → 0+
1 transition in the detector with index i in coin-

cidence with the 0+
2 → 2+

1 transition observed in another
detector with index j can be described as:

Nij = A0 +A2P2(θij) +A4P4(θij), (1)

where θij is the angle between the detector directions.
Assuming that all implanted Pt nuclei experience the

same static magnetic field B and referring the direction
of the observed γ–rays to the direction of B, the Pl terms
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Fig. 2. Experimental effects ε (full circles) compared with
calculated effects (open circles), after averaging in 7 groups of
detector pair combinations, as explained in the text

for the perturbed angular correlation are given by:

Pl(θij) = Pl(θi)Pl(θj) + 2
∑
m>0

(l −m)!
(l +m)!

Pml (θi)Pml (θj)

(2)

× 1√
1 + (mωLτ)2

cosm[(ϕi − ϕj)±
arctan(mωLτ)

m
]

The Larmor frequency is defined as:

ωLτ = −gµN
h̄

Bτ

where the symbol ± refers to the alternate field directions
‘up’ (↑) or ‘down’ (↓). In the following, the effect εij for
each detector pair combination is defined from

εij =
N↑ij −N

↓
ij

N↑ij +N↓ij

where the coefficients Nij are the angular correlation rates
and indices i and j run from 1 to 40 with i 6= j and
excluding the indices of the two obscured detectors. It is
stressed that the experimental effects do not depend on
the γ–ray efficiency correction.

In order to obtain a good fit for all εij effects simulta-
neously, it was found necessary to adopt a two-site model,
as in [11], where a fraction of the implanted nuclei experi-
ence a low field (approximated as zero). In a first analysis
the theoretical angular correlation coefficients, corrected
for the attenuation caused by the finite solid angle of
the γ–ray detectors, A2/A0=0.35 and A4/A0=1.06, were
adopted. The best fit for the experimental data was ob-
tained with ωLτ = 0.40(3) and a 0-field fraction of 30(5)%
with a normalized χ2 close to one. The good fit obtained
points to the absence of systematic errors, as also illus-
trated in Fig. 2 where it is shown that experimental and
the calculated effects agree very well. For a more conve-
nient representation the 1406 experimental effects were
plotted after averaging in 7 groups according to intervals
of calculated effects: in fact, the calculated effects tend to
cluster around 7 main average values due to the GASP ge-

ometry. One notes that the abscissa identifies the 7 groups
of detector pairs according to these calculated average val-
ues, which also appear in the ordinate, so that they lie
along a straight line.

The zero-field fraction is bigger than for Pt in Fe
(about 10% [11]). One has to note that in the previ-
ous analysis the zero-field fraction strongly depends, as to
some extent also the ωLτ , on the assumption of unrelaxed
angular coefficients, since the parameters are correlated
in the analysis of effect data. In view of this and in order
to get some more precise information about the zero-field
fraction, it has been attempted to determine the experi-
mental A2 and A4 coefficients directly from the angular
correlation data Nij , where much less parameter corre-
lation is expected. However, in this case it proved diffi-
cult to obtain a sufficiently accurate efficiency correction
and the normalized χ2 was about three. A simultaneous
fit of the effects and of the angular correlation for the
1406 detector combinations gives somewhat reduced co-
efficients, A2/A0=0.32(3) and A4/A0=0.80(9), which can
be attributed to relaxation in the rather long lived state.
With these fitted values of A2 and A4, ωLτ =0.38(3) and a
0-field fraction of 20(10)% were obtained. It may be noted
that a higher 0-field component could be associated with
a higher fraction of interstitial Pt nuclei due to the large
atomic radius of Gd.

We have measured the precession ωLτ with a statisti-
cal precision of ∼ 8%, however the determination of the
g factor from ωLτ requires further consideration. If one
assumes that the average static field measured in [12]
corresponds to a similar 0-field fraction of 20%, the static
hyperfine field value to be considered when extracting the
g–factor from ωLτ must also be increased appropriately.
One should underline the need for caution, however, since
in [12] the data were taken with the beam on, while in
the present case they were delayed by several µs. On this
longer time scale, some recovery of damage may occur, ac-
companied by a decrease in the 0-field fraction. Unfortu-
nately, detailed information on this is not available for Pt
in Gd. For Pt in Fe, the field observed in the implantation-
decay measurement on 192Pt is about 20% higher than
that found for Pt in Fe from IMPAC measurements fol-
lowing Coulomb excitation [15,16]. To account for such
effects qualitatively, the uncertainty in the adopted hy-
perfine field value was increased to 20%. In this way we
obtain g = 0.32(6), the final uncertainty being dominated
by the uncertainty in the absolute value of the hyperfine
field.

As shown in Fig. 3, the g–factor is comparable with
those found for 184,186,188Pt [11]. We refer to [11] for de-
tailed discussion of the g–factors in the neutron-deficient
Pt isotopes, but briefly summarize the main points here.
The IBM-2 prediction, with a fixed number of bosons, is
shown in Fig. 3 as a point of reference. PPQM calculations
[10] also predict similarly small g–factors near mid-shell
that are not seen experimentally. Instead, the experimen-
tal results are close to 0.7Z/A, as one would expect for
prolate deformed nuclei in, for example, the Geometrical
Collective Model [17].
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Fig. 3. Experimental g(2+) in even Pt isotopes com-
pared with theoretical predictions using the collec-
tive rotational value gR=Z/A, the Interaction Bo-
son Model (IBM–2) and the Pairing-Plus-Quadrupole
Model (PPQM) [10]. The present experimental value
is indicated as a full triangle

From a microscopic perspective, the deformed bands
near mid-shell in the Pt isotopes are believed to be as-
sociated with an intruder (π h9/2)2 configuration, which
drives the nucleus to a prolate shape and brings addi-
tional proton contributions to the g-factor. From this per-
spective, g–factor values in agreement with experimental
results can obtained within a simple two-band mixing ap-
proach which estimates ≈70% dominance of the prolate
configuration [11]. Essentially the same conclusions are
reached whether the g–factors associated with the pro-
late and oblate shapes are taken from IBM–2 estimates,
in which the deformed configuration has two extra proton
bosons, or from Density-Dependent Hartree Fock calcula-
tions [18], in which the g-factors for weakly oblate shapes
are small due to contributions from the νi13/2 orbital.

In summary, we have measured the g–factor of the first
excited state in 180Pt by employing a novel implantation-
decay technique in a large γ-ray detector array. The g(2+)
values in the even Pt isotopes between 180Pt and 198Pt re-
main almost constant and near 0.7Z/A. In view of changes
in the structures of these nuclei and the contrasting be-
haviour of the g–factors in the neighbouring tungsten and
osmium isotopes with similar neutron number, this is re-
markable. We seem to have a deceptively simple outcome
from subtle underlying microscopics that are still not fully
understood.
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