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Abstract. The hyperfine structure splitting and the isotope shift in the
X = 266 nm transition of Pt isotopes within the mass range 183 < A < 198
have been determined by Resonance lonization Mass Spectroscopy (RIMS)
in combination with Pulsed-Laser Induced Desorption (PLID). The Pt
isotopes were obtained at the on-line isotope separator ISOLDE-3/CERN
as daughters of the primarily produced Hg isotopes. Magnetic moments,
quadrupole moments, and changes in the mean-square charge radii are
deduced and compared with results of a particle-triaxial rotor model and
" mean field calculations. Good agreement with experimental data (including
nuclear level schemes and transition probabilities) can only be obtained
if triaxial shape is admitted. The calculations yield a smooth transition
in the shape of odd-A Pt nuclei from a slightly deformed, nearly oblate
195p¢ via triaxial 73" ¥’Pt to a strongly deformed nearly prolate 177pt,
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1. Introduction

During the last two decades great effort has been made to determine the nuclear
ground state pi‘operties of long isotopic chains in the region of transitional
nuclei near the proton shell closure at Z = 82. Hyperfine structure and isotope
shift and hence nuclear spins, moments and changes in the mean-squared
nuclear charge radii are known for mercury [1-7] in the mass range 181 s A < 206,
in case of gold [8-11] for 183 < A < 199, and now for platinum [12-14]1 in the
isotopic series 183 < A < 198.

A surprising result was obtained in 1972: Between 183Hg and 187Hg a sudden
drastic change in the isotope shift (IS) and hence in the mean-squared nuclear
charge radius was observed [1] which was explained as due to the near degeneracy
of nuclear states of different shape.

This discovery offered the key for understanding the complicated rotational band
structure observed in the neighbouring even-even Hg nuclei by y-spectroscopy as
due to shape coexistence [15]. Later on, a drastic odd-even staggering of the
nuclear shape was found in the very light Hg isotopes [4,7] and, in case of '®Hg
(6], shape coexistence was observed to be manifested in a strongly deformed
ground state (I = 1/2) and a slightly deformed isomeric state (I = 13/2).
Subsequently systematic studies were also performed in the neighbouring gold
isotopic chain. A break in the IS similar to that observed in Hg was also found in
Au between 87Au and '8®Au, i.e. one neutron number earlier than in Hg. No
shape staggering was observed: The Au nuclei below '®®Au remain strongly
prolate-deformed in their ground states due to the polarization-driving effect
of the why,s intruder configuration.

In this publication, we report on laser spectroscopy experiments in the platinum
isotopic chain for 183 s A < 198. Resonance Tonization Mass Spectroscopy (RIMS)
was applied in combination with Pulsed Laser Induced Desorption (PLID) in
order to achieve high sensitivity and a good signal-to-background ratio [14,161.
Similar experiments have been reported by an Orsay-Montreal Collaboration
[13,171.

After a brief description of the RIMS—PLID technique (Section 2) we present
our results on moments and changes in charge radii and use all IS data
available for a multi-dimensional King plot analysis of the changes in the
nuclear charge radius. Finally, deformation parameters @»Y? are deduced
from this data set by use of the Droplet Model (Section 3).

Section 4 presents a brief description of the Lund particle-triaxial rotor model
[18] and its detailed application to Pt isotopes. Although the full calculation
takes into account not only the present results but also data from numerocus
nuclear spectroscopy and nuclear orientation studies, only ground state electro-
magnetic moments are discussed in this paper (for full calculation and list of
references see [19]).

In Section 5 we describe mean field calculations based on the Strutinsky shell
correction approach [20-22]. For odd-A Pt nuclei (175 < A = 193) this calculation
has been performed for the first time.

In Section 6 we discuss implications of the two independent model calculations
and the experimental data presented in this paper on the shape evolution of
the ground states of odd-A Pt nuclei.

rml



2. Experimental procedure and performance

In the following we briefly describe the method used for the investigation of
neutron-deficient platinum isotopes. Experimental details have recently been
published elsewhere [16]. Figure 1 shows the experimental setup which was
installed at the on-line isotope separator ISOLDE-3 at CERN/Geneva. Since no
target-ion source system is available for direct production of platinum isotopes,
the nuclei were obtained as daughters in the decay of isobaric Hg isotopes.
Mercury nuclei were produced by a spallation reaction with 600 MeV protons
from a molten lead target.

After ionization and mass separation the Hg ion beam was focused onto a
target wheel made of graphite (Fig. 1). When the selected isotope had decayed
via Au into Pt, this wheel was turned by 180° and the implanted atoms were
evaporated by means of PLID [16] using 10 ns light pulses (A = 532 nm) of a
Nd:YAG laser. The atoms desorbed as a short pulse were step-wise resonantly
excited and finally ionized by the light pulses of two dye lasers (A; = 266 nm,
Ao = 452 nm) and by the frequency-doubled output of a second Nd:YAG laser
{A3 = 532 nm) used also for pumping the dye lasers. The laser pulses were
fired with a delay of 10 ps in respect to the desorption laser pulse in order
to obtain maximum temporal overlap of the pulsed thermal atomic beam with
the laser beams for resonance ionization. The ions created in resonance were
detected mass selectively by means of a time-of-flight (TOF) spectrometer,
a 40° ion reflector and a microchannel plate detector. This TOF spectrometer
and several pulsed electrodes and deflectors served for reduction of background
ions due to the desorption process and non-resonant ionization [16].

The overall detection efficiency Eaxp of the RIMS apparatus (which is defined
as the ratio of the number of photo ions detected in resonance to the number
of atoms implanted into the target) was determined in the on-line run to be
of the order of ¢, =35 - 107 for platinum [16]. A background counting rate
of typically omne event per 1000 laser pulses was observed in the on-line
experiments.

3. Data evaluation

The quantities measured by means of the RIMS/PLID method are the hyperfine
structure splitting (HFS) and the IS in the first excitation step (Fig. 2) leading
from the 5d°6s 3D; ground state to the excited 5d°6p state (J = 4). As an
example the ion signals of ”'Pt and %Pt are shown in Fig. 3. In case of
short-lived '®3Pt the measured HFS spectrum was corrected for nuclear decay
during the scan of the laser wavelength. The frequency scale was calibrated
using the simultanously recorded absorption spectrum of molecular iodine.
A Gaussian was fitted to each optical resonance in the RIMS signals
of the radioactive isotope. The superfluorescent laser background was taken
into account by an additional Gaussian with a width of typically Av(FWHM) =
10 GHz. Hence, the fitting parameters were a common center and the widths and
the heights of the two Gaussians. In case of even—A Pt isotopes, the single
resonance observed immediately yields the IS.
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In case of odd-A Pt isotopes, the HFS pattern was fitted by A- and B-factors
of the ground state and the B-factor of the excited 6p-state and the well
known formula for the HFS splitting

] C . 3/4C(CH) - I+DJ(+1) |
E psP = EggQ) + 5 A+ 1000 2J (@)1 B )
with
C = F(F+1) - LI+D) - J+1) , (2)
A = M JIH@ ) 3)
4
and
B=eQ Jlleg O . (4)

The ratio of the A-factors of the ground and the excited 6p-state was fixed
to the value of the isotope 195pt by
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where the unknown HFS splitting of the 6p-state was determined with the
help of a reference atomic beam apparatus to be

A(5d%6p 7,,1%°Pt) = 1.508(5) GHz . (6)
The sign of the A-factor of the ground state of the I = 1/2 isotopes 185Mpy,
and 183pt was determined from the intensity ratio of the two HFS components.
In case of 183Pt, for example, the experimental intensity ratio of the two
components (Fig. 2) is Vexp= 1.4(5). Theoretically one obtains Vipoo(A >0} =
1.3 and VipeolA<0) = 0.77. Hence, the A-factor (and by this the magnetic
moment ;) is positive with high probability.
The experimental isotope shifts are compiled in Table 1 and compared with
results of Duong et al. [13]. The agreement is very good. In case of 185pt,
Duong et al. determined the I = 9/2 ground state, while the isomer 185mp¢ (1 = 1/2)
was investigated in the present work.
The A-factor of the ground state and the B-factors of the ground state and
excited state are compiled in Table 2. The only stable Pt nucleus with 1 # O,
namely 195py (1 = 1/2), was chosen as reference isotope for the determination
of the magnetic moments of the unstable isotopes. From the precisely known
values [23,241 of the magnetic moment and the A-factor of the **°Pt ground
state (g.s.) one calculates

up (XPt) = 0.214(2) - Ag ¢ (XPt) - 1(PY) | (7N

where the error assignment of 1 % accounts for the uncertainty of the hyperfine
anomaly. The magnetic moments are compiled in Table 3 and compared to
independently determined values [13,25-27].

The B-factor of the *Dj-ground state is related to the spectroscopic quadrupole
moment by (see Appendix 1)

Q_ = -0.685 b/GHz - B(*Dj;) (8)
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The results are compiled in Table 4 and compared with the data of other
measurements by laser spectroscopy [131 and nuclear orientation [25,261].
The spectroscopic quadrupole moment has to be corrected for core polarization
by

Q:c’rr Q. / (1 -R) (9)

with a Sternheimer shielding factor R. An antishielding of Rsg = - 0.3(1) is
estimated by R.M. Sternheimer [28] based on a calculation for praseodynium [29]
and an estimate of Rgy for rare earth elements [30,31]. At the same time
Sternheimer points to a systematic investigation by Childs and Cheng [32] of
R as a function of filling the Sd-shell. A value of Rg4(Pt, ®D,) = -0.1 is obtained
from these systematics. This value is used in Table 4 for correcting the
spectroscopic quadrupole moments.
The data compiled in Tables 3 and 4 are generally in good agreement except
for some minor inconsistencies in case of ‘8?Pt. Note that the data of Duong et al.
were taken from Table 1 of Ref. [13].
The experimental isotope shift SvA’A. between two isotopes with mass number
A and A’ in an optical transition i of frequency v, is the sum of the nuclear volume
effect (Swf ld) and the mass shift (SvA: ) glven by [331

S = A L A )
The mass shift is the sum of the normal mass shift (NMS) and the specific
mass shift. The NMS is given by [331
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W ms © 1836 AA

, A > A (11a)

For the transition 5d°6s°D; to 5d”6p 7, (A = 266 nm) in Pt, the usual estimate
of the SMS in s —> p transitions can be used [33]

AN + A A
Vo © (0.3 £ 0.9) BV MS . (11b)
The contribution of the mass shift to the isotope shift is small in case of
heavy elements like Pt and ranges between 8\)19:‘::5 = =21(1S) MHz and
sv17+1832 247(171) MHz.

The field shift is connected by [33]

AA _ Loy AVA
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to the nuclear radius parameter
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with tabulated coefficients C [341 and the electronic factor F,. In order to be
consistent with the data treatment in case of mercury [7] and gold [9-11],
we use the multi-configuration Dirac-Fock value by Fricke [33]1 for the
X = 266 nm transition



Foey = -20.78 GHz/fm> . (14)

A discussion of this parameter is given in Appendix 2. The resulting
A-parameters and the changes in mean-squared charge radii are compiled
in Table 1.

3.1 Multi-Dimensional King Plot Analysis

Isotope shifts are now known in the A = 266 nm transition for both the stable
and neutron-deficient isotopes (this work and Ref. [12,13]) In addition, numerous
IS investigations have been performed on stable isotopes in different optical
transitions [36-401. In order to base the following interpretation on an improved
and consistent data set, a multi-dimensional King plot analysis [41] was
performed. Good consistency was found, indicated by a reduced ¥z = 0.85.
The results are given in Table 5. As can be seen from a comparison with Table 1,
the errors are reduced in all cases, where more than one measurement was per-
formed.

3.2 Determination of deformation parameters

It should be noted that the data of Tables 1 to 5 are nuclear model independent.
In the following, the Droplet model [42]1 will be used to extract information
on the model-dependent quadrupole deformation parameter <Bz> from the
measured isotope shifts. The procedure is described by Ahmad et al. [431: The
change in the mean-square charge radii can be decomposed into one contribution
accounting for the change in nuclear volume f{at constant deformation) and a
second describing the change in deformation (at constant nuclear volume)

5 s = s s satiy (15)
Corrections due to higher radial moments (<rts, <r®>, ..) are taken into
account [43). The spherical part of (15) is calculated with the help of the
Droplet model [42], i. e. s<r?> sph” §<r? >bro plet’ Therefore, the experimentally
determined changes in the mean—squared charge radii (Table 1 resp. Table 5)
allow calculation of the change in <r?> due to a change in deformation between

the isotopes A and A by
scp3A [-5— <r?
4w

where only quadrupole deformation By is considered. The values obtained from
the data of the multi-dimensional King plot analysis are given in Table 6.
If triaxial shape is included, the a® value is given by [44,45]

-1
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17}
with the asymmetry parameter y. For ¥ = 30°, the <B2> contribution disappears



and eq. (17) reduces to the corresponding equation for axially symmetric
nuclei . For B, = 0.2, the <B§’> term contributes only 6 % to the deformation
part of eq. (17) dominated by <B2>. This shows that the isotope shift is very
insensitive to triaxial shape. As a consequence, the triaxial degree of freedom
is usually neglected in the analysis of isotope shifts.

Absolute deformation parameters <B2>!’2 can be obtained via the relation

g2 = BN+ 8([322}‘&"* (18)

by use of the precisely known B(E2, 2'—> 0%) value of ?*Pt [46]. The results
derived from the IS's are given in column 3 of Table 6. They are compared with
B{E2) values known for the even-A Pt isotopes [47]. The agreement is very good.
If the Droplet parametrization of Berdichevsky and Tondeur [48] is used instead
of that of Myers and Schmidt [42], the resulting deformation parameters <{322>
are about 10 ¥ lower (larger) for A > 194 (A < 194) than given in Table 6. There
is a tendency that the parametrization of Berdichevsky and Tondeur is slightly
better (see also Ref. [49]).

Nevertheless we use the results of the Droplet model of Myers and Schmidt in
order to be consistent with the procedure applied in case of Hg [7] and
Au {10,111,

The last column of Table 6 shows the deformation parameters calculated
from the spectroscopic quadrupole moments under the assumption of strong
coupling of the valence neutron by

I(21 - 1)
QS = (I * 1)(21 + 3) QO (19)
and
3
QW = 7= Z R <Bp> (1 + %1/%_ Bp) . (20)

Assuming axially symmetric nuclei the deformation parameters calculated from
the IS and from the spectroscopic quadrupole moments agree very well. Detailed
theoretical investigation leads instead to triaxial ground state shapes for most
of the Pt-isotopes as will be discussed in the following sections.

The changes in charge radii and the deformation parameters calculated from
the IS under assumption of axial symmetry are shown in Fig. 4 and S5 for
platinum, gold and mercury.

4. Particle-triaxial rotor calculation.

The model has been described in detail in several papers [see e.g. 18,50,51l.
The single-particle Hamiltonian used has the form [50]

H

T 2_-12
sp. Hh_o_(ez,'r) - x(N)fiwg (2I's + p(N)(1°-<1 >N} (21)
where H is the deformed harmonic oscillator Hamiltonian, and all the other
symbols in (21) have their usual meaning. Diagonalization of the Hamiltonian (21)
in the IN1jQ> basis and inclusion of pairing effects gives adiabatic quasi-particle
energies and wavefunctions written as
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and their conjugate states
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X, = Z G ein Onij-o 23
N1

where v is the sequential number of a wavefunction X,
The core Hamiltonian is defined as
= 2 T _72 L=
H_ .= O, (E/20)-]) L1 = 1,23 for xy.z (24)

where 1 is the total nuclear spin and -i. is the spin of the odd particle. E-)i is
the hydrodynamical moment of inertia calculated from

® =4B 2 sin®(y + 2in/3) (25)
using Grodzin's empirical relation
h2/B = 1000/A7/3 (MeV). (26)

Hcm_‘e is exactly diagonalized in the strong-coupling basis

I(v) _ 291/2 N (V) I S S
yi = [@21 /1607 NZQC Dl ®rnjar * D™ Doy Pryaaf
J

MK N1 M-K ~NLj-Q
(27)
yielding energy levels and total wavefunctions
I(v) _ (V) I{v)
¢)M - Z ap ‘FMK' (28)

K,v

In all cases five single-particle orbitals above the Fermi level and five below
were included into the diagonalization. The positive and negative parity systems
were treated separately.

This choice of Hamiltonian implies that the core is approximated as a body of
fixed shape, in principle not including vibrations or effects like v-softness etc.
Nevertheless, Larsson et al. [181 pointed out that there is some shape vibration
amplitude present in the model within uncertainities of the core quadrupole
components Qgo and Qgy, which can contribute a sizeable fraction of the total
deformation in transitional nuclei.

Our calculation is dependent on up to five free parameters [19] which were
changed from isotope to isotope. However, well-defined constraints on almost
all of the free parameters exist which must be satisfied to ensure the fitted
parameters have a physical meaning.

As can be seen in Table 8, there is full experimental information about the value
of quadrupole deformation B, as extracted from both B(E2) values and ground



and isomeric state mean-square charge radii. However, one should take these
values with caution as they have been extracted from experiment assuming rigid
axially symmetrical nuclei. Furthermore, there is no exact analytical relation
between ¢, and B, for non-axially symmetrical shapes, and we can only estimate
g9 & 0.85 - 0.95 B, at deformations around 0.2 [52]. Despite these uncertainties,
data shown in Table 8 serve as a useful guide to the dependence of deformation
upon neutron number.

On the other hand, there is very little guidance concerning y-deformation and
this parameter is not open to direct measurement. The only data available is
signature splitting in rotational bands, but this may not be directly relevant to
the shape of the nuclear ground state. Theoretical calculation of Pt deformation
parameters including v have been made for even-even nuclei [53-58 and Refs.
therein] and odd-A by Wyss [22].

Standard BCS procedure was used for calculating pairing parameters A and A,
with G = 19.2 MeV and G = 7.4 MeV [52]. )‘B s and A as Wwere varied
within a narrow interval around the calculated values (see ref [19]). Deviation
of Xf . and A, from the BCS values led to improved fits for all isotopes except
183p¢ and 195Pt While the differences between lﬁt and )\BCS were very small,
deviations from BCS values were found for Beie for neutron numbers 107 < N =< 111,
The behaviour of Afit can be understood as caused by the existence of a subshell
closure at N = 108. This closure has been identified before in Pt isotopes [53,59]
and its effect on the pairing energy discussed theoretically. We have investi-
gated the single-particle level spectrum in the vy-plane (0°< v < 60° for
0.15 < g5 < 0.25 and the presence of the subshell gap at N = 108 is clearly seen.

It is well known that agreement between particle-rotor calculations and experi-
ment is generally improved if a Coriolis attenuation parameter is introduced.
There are two ways of doing this, (i) using a factor E, multiplying all single-
particle matrix elements [18] and/or (ii) using a factor of the form (uyv; + uyv,)”
to be attached to each single-particle matrix element [60]. In our calculation
of negative parity states the Coriolis attenuation factors £ and n were not
required (E = 1 = 1.0) apart from 7Pt (see ref. [191). An attenuation of up
to 30 % [191 was needed in the calculation of positive parity bands based on a
high-j ij3,5-orbital (£ > 0.7, n = 1). Coriolis attenuations of this magnitude are
commonly used in particle rotor calculations.

There are three more parameters of the model which were set and kept constant
for most of the nuclei. These are the strengths of the 18 and 12 terms in the
modified oscillator potential, i.e. ¥ and ¢, and the constant B in expression (26)
for the moment of inertia.

Parameters x and p are generally dependent on the main oscillator quantum
number N. We initially took » = 0.062 (both N = 5§ and 6) and ¢ = 0.43 (N = 5)
and p = 0.34 (N=6) following Bengtsson and Ragnarsson [56] in their calculation
of high spin states in the rare earth region. However, we found that a better
overall fit was achieved for » = 0.0636 (N = 5 and 6), ¢t = 0.40 (N = 5,
A = 177-185, and N = 6, all A) and ¢ = 0.39 (N = 5, A = 187-193). This choice
changed the relative energies of the negative parity spherical fy,9, ps/e, f5,2 and
pis2 States and the positive parity ij3,, state. We note that Nilsson et al. [52]
used neutron parameters x = 0.0636 and ¢ = 0.393 in the mass region around
A = 187 while x = 0.062 and ¢ = 0.40 were adopted by Bacelar et al. [61]1 for
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N = 6 neutron states in their calculation of 167,169 y4, both these sets are well
in line with those used here. The constant B has been calculated from Grodzin's
formula (26).

Finally we note that we did not use any of the other options included in the
present model — namely, using a variable moment of inertia or taking the Ej+()
and Ey+(g) experimental energies as input data for calculation of moment of inertia.
Also, we treated the recoil term in the Hamiltonian (24) as a one-body operator.
The calculation has been done for each nucleus starting from an axially sym-
metrical shape (prolate for 177-185p;  oblate for '3771%°pt). The fit was then
improved by varying the deformation parameter y. For each nucleus the number
of experimental data fitted was never less than twenty, including energy levels
of both parities up to I < 21/2, and multipole branching and mixing ratios of
inter- and intra-band electromagnetic transitions. Unless there was a clear basis
in the physics, smooth variation of all parameters with neutron number was
required. Full details of the calculation have been published elsewhere [19]. Here
we show only results for deformation parameters of the ground states and
corresponding magnetic dipole and electric quadrupole moments.

We illustrate in Fig. 6 the quality of the fit obtained using 187p¢ as an example.
The magnetic (a) and quadrupole (b) moments of the lowest-lying 3/2° state
and its energy (c) are shown as a function of v for three different values of
the deformation parameter gy, 0.15 and 0.22, representing lower and upper limit
and 0.169, the best fitted value. Clearly, a 3/2° state becomes the ground state
only for v = 30°. This limits the possible values of gamma to 300 < y < 60°.
The quadrupole moment calculation allows all values of vy with &5 between
016 - 0.21 . The magnetic moment restricts deformation parameters to
20° < v < 40° for 0.15 s g5 < 0.22, The experimental limits on ¢, yielded by the
mean square radii is 0.15 < g, < 0.19 (using the relationship between e, and (B,
given above and table 8). Overlap of all the conditions narrows the limits to
0.165 < g5 < 0.19 and 30° < v < 60° The final values, quoted in Table 7 have
been chosen from the best fit to the lowest excited states in 187pt (see 119D).
We stress that all available experimental data had to be employed to choose
the best overall fit values of deformation parameters.

5. Mean fleld total routhian surface (TRS) calculations

Mean field calculations based on the Strutinsky shell correction approach [20]
have been performed for nuclei in the mass A=180 region [22]. The calculations
employ a deformed Woods-Saxon potential with a universal set of parameters
described in [211. The macroscopic part of the energy is determined by the
liquid drop energy, E which in the present calculations is taken from ref. [62].
The microscopic contribution to the energy, SEsheu. derives from the shell effect.
The total energy of the nucleus, E(Z, N, B), is obtained as

i =
E@Z N, B) = E (Z N, §) + Dl -Eg, (@ N, B =

E(Z N B) +3E ,,(Z N, (29)

where f = Bz, B4 and v and elp are the single particle energies given by the
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Woods-Saxon potential. The calculations are performed on a rectangular grid
where the total energy is minimized at each gridpoint with respect to the
hexadecapole deformation parameter B,. The B, parameterization of the nuclear
potential is described in more detail in ref. [21]. In the present calculation, the
deformation points on the grid are chosen as

Bocos(y + 30° = 0.05(0.05)0.40 {30a)

Bgsin(y + 30° = -0.20(0.05)0.30 (30b)
and

B4 = -0.08(0.04)0.04 + Id (30c)

where Id stands for the (,-value which minimizes the liquid drop energy at
each chosen vy and (8; and the values in parenthesis give the steplength between
each calculated point.

The residual particle-particle interaction is approximated with a monopole pairing
force using the BCS approach., At each deformation point, the BCS equations
are solved self-consistently and the pairing energy SEpair is added to the total
energy.

Early calculations of Potential Energy surfaces (PES) of even-even nuclei in this
mass region have successfully described the prolate/oblate energy difference in
Hg and Pt nuclei (see ref. [631). The present calculations are extended to include
odd proton and neutron numbers and different quasi-particle configurations.
The calculations also treat the change of the nuclear shape as a function of
the rotational frequency hw . This is accomplished by adding the cranking
term -wj to the Hamiltonian, resulting in a set of Total Routhian Surfaces
(TRS) [22], where Routhian stands for the energy in the rotating frame {(for
more details see [64]), Each TRS has a specified parity and signature, but no
other quantum numbers are preserved. Configurations are allowed to change
adiabatically over a surface, This implies that at each y and B, value, the
energetically most favoured configuration is determined. However, this configu-
ration will not be the same over the entire surface. Since the present work is
focused on ground state properties of the Pt isotopes, only the TRS of the
lowest calculated frequency is considered, that is for hw = 0.05 MeV. At this
frequency, the cranking term in the Hamiltonian is very small and the TRS
becomes essentially identical to the PES.

Selected results from the TRS calculations are given in Table 7. Fig., 7 displays
the shape evolution of odd Pt-isotopes with negative parity and signature
o = -1/2 as a function of neutron number N. The signature is determined as
I=a mod?2,ie «=-1/2 corresponds to a spin sequence of I = 3/2, 7/2, 11/2 etc.
The TR surfaces of positive parity correspond to the occupation of the
ijas2 neutron unique parity orbital. The calculated deformations of the ij3,» orbital
follow a similar shape change from prolate to oblate as the negative parity
orbitals, although differences are present due to different polarization properties.
In the TRS calculations the deformation of each configuration is a dynamical
variable which is changing with spin. The ij3,, configuration in '®3Pt, which is
the ground state, is calculated to be essentially prolate, but to become more
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triaxial with increasing spin. We have chosen to display the energy surfaces of
the negative parity states, since they form the ground state for most of the
odd Pt isotopes.

6. Discussion

Previous theoretical investigations have mainly concerned even-even neutron-
deficient Pt nuclei. Potential energy surfaces (PES) calculations [54,55,58,63]
have predicted a complex shape development from light prolate (with 176p¢ close
to triaxial) to heavier oblate via y-soft nuclei around N = 108. Experimental
ground state band E,*/E;* energy ratios in Y78°19%pt are mostly close to 2.5
(see Table 8) indicating a y-soft shape for the ground state of these nuclel.
Also, the moment of inertia dependence on (hw)? of the ground state band shows
deviations from a straight line even at lowest frequencies, pointing again
towards y-softness and shape coexistence [65-67]. The main question then
arises - what will be the shape of an odd-A nucleus, where the odd neutron is
coupled to a y-soft core?

There have been attempts to use the particle-rotor model for some of the
nuclei of interest (negative parity states in 185-187py 68,691, 187-191p¢  43],
positive and negative parity states in 187p¢ [701, positive parity in 189-193py 71,721
and negative parity states in 195p¢ [73,741). Apart from a successful calculation
of the ij3,2 system in heavier Pt, showing clearly its non-axial character, other
calculations were too limited in scope to offer general conclusions.

The present particle-triaxial rotor calculation has been performed consistently
for the whole chain of 177 < A < 195 Pt isotopes with the aim of following the
development of model parameters as a function of neutron number. Parameters
chosen to calculate ground and isomeric state electromagnetic moments were
in addition required to fit excited energy levels and transition probabilities.
In this way all relevant spectroscopic data were incorporated, assuring maximal
internal consistency of the calculation.

Results of the calculation of electromagnetic moments are given in Table 9.
Previous calculations by Duong et al. [13]1 and results for axially symmetrical
shapes in the present calculation are shown for comparison. The present
calculation yields in all cases magnetic moments with correct sign and magnitude,
in contrast to the calculation by Duong et al. Turning to electric quadrupole
moments we reproduce the change in sign (and magnitude) of the quadrupole
moment of 85Pt ground state as compared to 187-19p¢ without invoking a sudden
prolate-oblate [26,75] or prolate-triaxial [13,76] shape change.

The excellent agreement of the calculation with experiment shows in particular,
that two deformation parameters g, and ¥y are fully adequate to describe the
shape evolution of the odd-A Pt ground states indicating a gradual transition
between the oblate and prolate axial symmetries over a range of neutron number
(see table 7). Table 8 shows that the calculated g3 reproduces very closely the
quadrupole deformation values extracted from mean square charge
radii.

Comparison of the first 2* state energies and the ground-state band E,*/Es*
ratios in the cores used in the present calculations and experimental data on
even-even Pt nuclei (see Table 8) shows that, as a common feature, the calculated
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cores are more deformed and show less evidence for y-softness. It seems feasible
to connect this phenomenon with a polarizing effect of the odd neutron, coupled
to an otherwise very soft even-even nucleus. As a result, the core achieves a
certain stable deformed shape, most likely dependent upon the particular odd-
neutron orbital. This would imply shape coexistence for different single particle
excitations within the same nucleus. The results of fitting positive and negative
parity states in 8571%5p¢ [19] give evidence for such coexistence. From this point
of view the change in sign of the quadrupole moment between A = 185 and
A = 187 is simply a consequence of different configurations involved in 18Pt
(I™= 9/2" of i;3,5 spherical origin) and ¥"Pt (I"= 3/2 consisting of components
of fs5;5, pas» and py,» spherical parentage) ground states.

A similar conclusion was drawn by Ragnarsson and Semmes [511 for %5Au
(an odd proton coupled to even-even Pt core). Their total-energy-surface cal-
culation gives clearly different minima for configurations of different spherical
origin. However, the particle-triaxial rotor model in its present form cannot
self-consistently include different configurations with individual deformations
in one nucleus. Difficulties in such a calculation concern the absolute energy
scale and the treatment of configuration mixing.

The results of the mean field calculation are shown in Fig. 7 and Table 7.
This calculation, performed for odd-A Pt isotopes for the first time,
shows several distinctive features. The two lightest isotopes Y *'7Pt show
a pronounced softness in By The minimum at smaller deformation in 737177p¢
also shows y-softness. The shape coexistence of the light Pt nuclei has been
discussed in several papers [65,67,77]. The main difference between the two
shapes is believed to be related to the occupation of the whg,; intruder
configuration. The Pt isotopes with 101 < N < 105 show prolate shapes with
large deformation, implying that the hg,; proton orbital is almost fully occupied.
With increasing neutron number, the neutrons favour less deformed shapes and
at N = 107 (**5Pt) the nuclear shape starts to develop y-softness, which is
increasing with N. We calculate a predominantly prolate (although triaxial) shape
and a coexisting minimum at oblate shape for 187pt (Fig. 7). A mixing between
the oblate and triaxial configurations which is beyond the present model and
which is expected to occur especially in a y-soft nucleus, may lead to a different
effective shape and . In 189pt the calculation predicts a completely y-unstable
shape, which develops into more stable triaxial deformation in !*'Pt and almost
oblate shape in '*3Pt (see Fig.7).

Experimentally, the measured quadrupole moments of 187-191p, ground states are
negative. It has been shown in the particle-triaxial rotor model calculation that
a mixing of different quasi-particle configurations at triaxial shape can produce
a negative quadrupole moment (see [19] and Fig. 6). Certain configurations have
a negative spectroscopic quadrupole moment even at prolate shapes. Therefore
calculated shapes in the mean field model for 187-191p¢ do not disagree with
experiment. In addition, the single particle levels are not accurate to more than
a few hundred keV and minor changes will effect the oblate/prolate energy
difference.

It follows from the above that in the present mean field approach it is difficult
to predict the exact neutron number at which the change to negative quadrupole
moments occurs, although the general trend from prolate to triaxial-oblate is
nicely reproduced. We stress that both models yleld a smooth change in ¥ with
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N and no sudden shifts in vy are predicted. It is interesting to compare defor-
mation parameters from TRS calculation and from particle-triaxial rotor model.
As is shown in Table 7, parameters Bz, corresponding to the TRS lowest minimum,
show a striking agreement with 8, extracted from mean-square charge radii and
g, fitted in the particle-triaxial rotor calculations. The parameter vy shows similar
development in the heavier isotopes in both models, but there is some discre-
pancy below 8%pt.

There might be several reasons for this disagreement. In the particle rotor model,
the extracted vy value for lower N isotopes is based on a detailed analysis of
properties of the ground state bands and the relative positions of excited band
heads. As shown in [19], the sensitivity of these observables to ¥y is rather
limited in this region, in the absence of the ground state electromagnetic
moments. Furthermore, in the TRS calculations, the y-value is a dynamical
variable, which is changing with spin and different for different quasi-particle
configurations. In the particle-triaxial rotor calculation, the y-value represents
an average value obtained from a fit to all observed energy levels close to Fermi
surface and their electromagnetic properties. A possible mixing of coexisting
shapes (for example in 77Pt) cannot be described either in the mean field or the
particle-triaxial rotor model. Another difference between the two calculations
origins from the hexadecapole degree of freedom, which has not been used in
the particle-triaxial rotor model. It would be interesting to investigate the
influence of the &, parameter, using the values predicted by the TRS calculations.
It would also be desirable for the lightest Pt isotopes to have experimental data
on electromagnetic moments and mean square radii, which are predicted to drop
significantly around N = 95 - 97.

7. Conclusiona

Hyperfine structure splitting and isotope shifts have been determined for the Pt
isotopes in the range 183 < A < 198 by means of Resonance lonization Mass
Spectrometry (RIMS) in combination with Pulsed Laser Induced Desorption (PLID).
Hence, on-line laser spectroscopy could be extended to refractory elements.
Mean-square charge radii and the electromagnetic moments of the nuclear ground
state are evaluated from the experimental data. Information on nuclear ground
state properties is now available down to neutron number N = 101 for Hg, Au
and Pt.

Two independent model calculations have been performed to interpret ground
state properties of odd-A Pt isotopes. Both calculations predict a very gradual
change in shape over a wide range of neutron number, through over a variety
of triaxial shapes in sharp contrast to previous suggestions of a sudden prolate-
oblate shape change between 3Pt and 187pt. The situation in Pt is very different
from the Hg isotopes, where the presence of the large Z = 80 gap at oblate
shape favours distinct oblate configurations. The lack of any specific shell
structure at Z = 78 in the Pt isotopes for oblate deformation may be the reason
for the gradual shape development.
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Appendix 1

Derivation of the electric field gradient: The only stable platinum isotope
with hyperfine structure (¥*3Pt) has a nuclear spin I = 1/2. Hence no information
exists from stable isotopes on spectroscopic quadrupole moments and electric
field gradients. In order to derive Qs of the unstable isotopes from the measured
B-factor in the 5d°6s3D; ground state, the electric field gradient has to be
calculated. In case of the Pt ground state this gradient is related to the Sdg,o-
hole by [78]

Copyl0>= - & T DR A1 Z) (A1)
R_is a relativistic correction tabulated in [78] with the effective charge
Z = Z- 11. For a d-hole, R (1=2, j=5/2, Z,=67) = 1.0833. The expectation value
<r %> can be calculated from the fine structure splitting sW(3D,-3D,) =
10131.887 cm™ [791 with a relativistic correction Hr(l=2, Z.=67) = 10328
tabulated in [781. The results are

{r 3y = 67.63873 (A.2)

{p,;(0)> = 6.79 - 1022 V/m? (A.3)
and yield

B(°D3) = - 1.46 GHz/b - Q_ (A.4)

by use of (4).

Appendix 2

Derivation of the electronic factor F,.,: The electronic factor F is required in
order to calculate via ({2) the changes of the nuclear charge radii from the
field shift extracted out of the measured isotope shifts in the A = 266 nm
transition. The electronic factor Fy4, is proportional to the change of the
relativistic electron density at the site of the nucleus during the optical
transition. It is given by [80,81]

F, =25 Z ahc A¥(ON? = 3.916-10™ - 4nZaf AI¥(0)® GHz/Fm%  (A.S)

A multi-configuration Dirac Fock (MCDF) calculation yields for the 5d° 6s 3D, -
5d° 6p 7,, A = 266 nm transition a change of the relativistic electron density at
the site of the nucleus of [35]

4w AI¥(0)2 = 680.4 a5 . (A.6)

This results into an electronic factor of

Foee (MCDF) = -20.78 GHz/fm? . (A.7)
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Another possibility to calculate Fyq is to derive the non-relativistic electron
density of the 6s electron at the site of the nucleus by the Fermi-Goudsmit-
Segré formula (78,821 from the fine structure energies or from the measured
magnetic hyperfine structure by a calculation of the magnetic hyperfine field
produced by the 6s electron at the nucleus [78].

Y(0)12 derived according to the Fermi-Goudsmit-Segré formula: The electron
density at the nucleus is given by

2 _ _Z _do
¥(o)- = agng (1 dn) (A.8)

with the effective main quantum number n, = n - ¢ and the quantum defect o.
With 1 - de¢/dn = 1.347 [83] the 6s electron density is given by

mf(onf;S =179 ag ¥ . (A.9)

[w(0)? from the hyperfine structure: The 6s electron density is related to the
A-factor in the "°Pt ground state by

2 - 9 . (8% 2. 35 (i7)(1- Loy gy )1
WO = AGSd" 6s) - (5 heRo?ad F(1Z) (1-8) (1-¢) WB) . (A10)

Wwith A(15Pt) = 5.702647(23) GHz, u,(1*5Pt) = 0.60949(6) u [23,24], the relativistic
correction Fr(j=1/2, 7Z=78) = 2.141 1781, the corrections for the finite size of the
nucleus £ = 0.025 [781 and § = 0.09 [84] the electron density is determined to be

(O = 16.1 ag”. (A.11)

The average value of (A.9) and (A1)
¥ (0)2 = 17.0 ag® ’ (A.12)
will be used in the following.

The electronic factor Fo is related to the change of the electron densities in
the A = 266 nm transition by

F266 = f(Z) . E266 (A.13)
and

T
Egee = - Tag Al'f(0)|265_>6p : (A.14)

f(Z) = 60.23 GHz/fm? is a relativistic correction [85]. The change of the electron
densities in the transition can be traced back to the electron density in the
6s ground state by a screening factor [81]

A2, ¢, = BIONE, - 1¥IONG . (A.15)

The contribution I‘¥(0)I26 of the p electron to the transition density can be
determined according to [86] by



- 21 -_

5T /T, = oZ/(1+0) , o =1~ (aZ)® (A.16)

6pi/2

to be 10 %. Hence, eq. (A.15) reduces to
AI¥(O)% = B+ 0.9 mwonis . (A.17)

The electronic screening factor has been calculated by Aufmuth [87] to be
B = 1.14 under the assumption of pure Russel-Saunders coupling and the assign-
ment of the 7, state as a pure °F, state, This results in an electronic factor

FLo HFS - _42 45 GHz/fm? (A.18)

by use of (A.12), (A.13), (A.14) and (A.17). This value is a factor two larger
than the MCDF result. Generally, the MCDF and semi-empirical values differ
by 10 % to maximum 30 % [81]. The strong deviation in case of platinum
indicates, that the assumption of a pure 3F4 excited state is not justified.
If only the term shift of the 3D; ground state of T(5d° 6s) = 70(8) mK [331]
is considered and analyzed with w(0)® from the A-factor, the electronic
factor of the 3D term shift is determined to

Fo, = -39.60 GHz/fm? (A.19)

and A1°#1%% < 0.053(6) fm2. If this parameter is used to derive Fo(, from the
measured isotope shift, one obtains

Foge = - 27.6 GHz/fm?> (A.20)

The comparison with (A.7) yields a screening factor of § = 0.7. Such a screening
can be explained by an admixture of only 8 % of the 5d% 6s6p configuration
to the 5d° 6p (J=4) state [87]. As a consequence of this not completely clear
situation and in order to be consistent with the analysis of the neighbouring
isotopic chains of gold [10,11] and mercury [7], the MCDF value (14) is used. This
value is also supported by the (preliminary) results of recent muonic experiments
on stable Pt isotopes which are in agreement with the MCDF value [88].
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Table 1: Isotope shifts in the A = 266 nm transition, nuclear parameter A and
changes in the charge radii of platinum isotopes with mass number A and nuclear
half life T,3. The nucleus 194pt is taken as reference isotope. Columns 3-5 give
our results. The isotope shift determined by Duong et al. [13] are given in
column 6. The half-lifes given in column 2 are substituted by the natural

abundances for the stable isotopes.

A Ty | Sviie4 ALt §<ri>BhA | fylinh
[GHz] [fm?] [fim?) [GHz]
Ref. [13]
198 | 7.2% | -2.94(9) | 0.145(7) 0.154(8) —2.97(6)
196 | 25.3% | —1.42(4) | 0.070(3) 0.074(4) —1.42(7)
195 | 33.8% | —0.67(6) | 0.033(4) 0.035(4) —0.92(9)
194 | 32.9% 0.00 0.000 0.000 0.00
193 | 50.0y | 0.89(11) | —0.044(6) | —0.047(7) —
192 | 0.79% | 1.28(17) | —0.064(10) | —0.067(10) 1.23(8)
191 | 2.94d | 2.65(11) | ~0.131(7) | —0.139(8) 2.68(9)
190 | 0.01% | 2.53(10) | ~0.126(8) | —0.132(8) 2.44(7)
180 | 10.9h | 3.45(17) | —0.171(12) | -0.181(13) | 8.50(9)
188 | 10.2d { 3.62(6) | —0.181(7) | —0.190(8) 3.52(7)
187 | 2.35h { 3.35(28) | —0.169(19) | —0.175(20) { 3.47(7)
186 | 2.0 h | 3.88(10) | —0.195(11) | —0.203(12) | 3.97(10)
185g | 70.9 m — — — 1.53(12)
185m | 33.0 m | 3.69(27) | —0.187(20) | —0.193(21) —
184 | 17.3m | 4.42(35) | —0.223(24) | —0.232(26) —
183 | 6.6 m | 3.17(68) | —0.164(41) | —0.166(45) —

Table 2: Hyperfine structure constants of the 3D, ground state and 7, excited
state for the odd platinum isotopes. The A-factor of the 7, excited state is
determined by the ratio A(®Dj)/A(7,)= 3.78(1) of the stable isotope 195pt, The
A-factor of the ground state for 195p¢ js from Ref. [23].

A |1 A(Da) B(3Ds) B(74)
(GHz] [GHz] (GHz)
195 | ¥/, | +5.702647(23) — —
193 | }/3 | +5.64(5) — —
191 |3/, | -—1.54(2) | +1.26(16) | +0.42(13)
189 |3/, -1.37(2) | +1.77(31) | +0.34(17)
187 | ¥/, -1.33(6) +1.61(11) | +0.33(14)
185m | }/; |  +5.05(7) — —
183 |/, | +4.87(25) — —

(1 b B i

O



Table 3: Spins and magnetic moments of odd-A platinum isotopes. The magnetic
moments y  are calculated by use of (7) taking a correction for diamagnetism
into account. Data obtained by nuclear orientation [25-27] and laser spectros-

copy [13]1 are given for comparison.

A |1 g (pw) p () pl (pr) | et (pa)
this work | Ref. [13] | Ref. [25,26] | Ref. [27]
195 |1/, | +0.60949(6) — — —
193 |*/3| +0.603(8) — - —
191 |3/, | —0.494(8) | —0.501(5) | 0.500(10) ; 0.492(10)
189 |3/y | —0.440(8) | —0.421(5) | 0.434(9) | 0.427(9)
187 |3/, | —0.427(20) | —0.397(5) | 0.408(8) —
185¢g | %/2 — —0.83(1) | 0.774(14) —
185m | /5 | +0.540(9) — — —
183 |1/, | +0.521(27) — — —

Table 4: Spectroscopic quadrupole moments of odd-A platinum isotopes deduced
from the B(’Dj)-factors (Table 2) by means of equation (8). Data obtained by
laser spectroscopy [13] and nuclear orientation [25,26] are given for comparison.
For Q:orr a Sternheimer antishielding factor of R = -0.1 is applied to the
weighted mean of the two laser measurements.

Al Q] | Qb | Qs[b] | Qg )
this work | Ref. {13] | Ref. [25,26]

191 | —0.86(11) | —0.98(5) | —0.64(26) | —0.87(4)

189 | —1.21(21) | —1.03(5) | —0.65(26) | —0.95(4)

187 | —1.10(8) | —1.13(5) | —0.85(39) | ~1.02(4)

185g | — +4.3(5) | +2.1(9) | +3.91(45)




Table 5: Results of a multi-dimensional King plot analysis. All data on isotope
shifts in several optical transitions are taken into account. This data set is used

for further analysis of the isotope shift.

A 5V:'3:'A A194,A 5 < 1,.3 >191,A
[GHz] [fm?] (fm’]
198 | —2.889(48) | 0.143(5) 0.151(6)
196 | —1.413(29) | 0.070(3) 0.074(4)
195 | —0.675(43) | 0.033(3) 0.035(3)
194 0.000 0.000 0.000
193 | 0.89(11) | —0.044(6) | —0.047(7)
182 | 1.372(30) | —0.068(3) [ -0.072(3)
191 | 2.671(74) | —0.132(6) | —0.140(6)
100 | 2.561(40) | —0.127(5) | —0.134(5)
189 | 3.508(92) | —0.174(8) | —0.184(9)
188 | 3.589(52) | —0.179(7) | —0.188(7)
187 | 3.485(86) | —0.175(9) | —0.183(10)
186 | 3.942(79) | —0.198(10) | —0.207(11)
185g | 1.53(12) | —0.083(12) | —0.080(14)
185m | 3.69(27) | —0.187(20) | —0.193(21)
184 | 4.42(35) | —0.223(24) | —0.232(26)
183 | 3.17(68) | —0.164(41) | —0.166(45)

Table 6: Model-dependent quadrupole deformation parameters SR+ A and

{B2>¥? as calculated by use of (16) and (18) from the isotope shifts (last column
of Table 5). The B(E2)-value of "*Pt [46] served for calculating the absolute
deformation parameters. The known B(E2)-values for the even-even Pt isotopes
[47] are given for comparison. The last column shows the deformation parameters
as calculated from the spectroscopic quadrupole moments after converting them
into intrinsic ones under the assumption of strong coupling for hypothetical

axially symmetric nuclei.

A 5<ﬂ3>194.A | < ﬁzz >1/2 I l < ﬂ:z >1/:t < ﬁz >
(B(E2)) | (Qs)
198 | —0.0050(7) 0.12(1) 0.1130(27) —
196 | —0.0027(3) 0.13(1) 0.1308(19) —
195 | —0.0015(3) 0.14(1) — —
194 0.0000 0.1434(26) | 0.1434(26) —
193 | 0.0005(6) 0.14(1) - —
192 | 0.0033(9) 0.15(1) 0.1549(24) —
191 | 0.0017(7) 0.15(1) —_ —0.15(2)
190 | 0.0068(7T) 0.16(1) 0.149(9) —
189 | 0.0071(11) 0.17(1) — ~0.21(4)
188 | 0.010%(7) 0.18(1) 0.183(17) —
187 | 0.0166(17) 0.19(1) — -0.19(2)
186 | 0.0188(10) 0.20(1) 0.1976(38) —
185m | 0.0238(18) 0.21(1) — —
184 | 0.0250(22) 0.21(1) 0.2292(40) —
183 | 0.0350(38) 0.24(1) — —




Table 7: Particle-triaxial rotor model calculation parameters g, and vy (see
Section 4) and the mean field TRS calculation parameters Bs, B4, and v (see
Section 5). '

A N i Eg Y Ba Bs Y
[deg] [degl

195 117 - 0.120 52.0

193 115 - || 0.150 35.0 0.15 -0.028 52

+ || 0.168 31.0 0.14 -0.025 66

191 113 - 0.150 31.7 0.15 -0.030 36
+ || 0.168 33.0 0.15 -0.027 47

189 1 - 0.155 32.0 0.17 -0.029 26
+ 0.176 32.0 0.15 -0.024 43

187 109 - 0.169 30.0 0.20 -0.046 10
+ 0.180 28.5 0.19 -0.041 13

185 107 - || 0.227 23.0 0.22 -0.036 10
+ || 0.230 22.0 0.22 -0.036 1

183 105 - || 0.240 20.0 0.24 -0.023 0
+ 0.230 21.0 0.23 -0.025 o

181 103 - 0.240 16.0 0.26 -0.008
+ 0.240 17.5 0.24 -0.010 0

(=]

179 ot - 0.25 0.005 0
+ 0.26 0.004 0
177 99 - || 0.207 17.0 0.25 0.016 0

+ || 0.270 16.0 0.19 -0.005 14
0.24 0.013 1




Table 8: Comparison of deformation parameters extracted from different experi-
ments and model calculations. &) ¢, values fitted in the present PTR calculation
for ground states of 177-195py (v = 60° , see Table 7). b) g, values calculated
by Moller and Nix [89] for axially symmetrical shape and g, * O and g, = 0.
©) B, values extracted by Bengtsson et al. [63] from experimental B(E2) values.
To deduce 1By, for 176-188pt prolate shape and B(E2, 8*—> 6", for ¥071%pt oblate
shape and B(E2, 2" —> 0") were used. d) B, obtained as minima in the potential
energy surfaces calculated with the Woods-Saxon potential. See Ref. {361 for
details. e) Results of standard self-consistent HFB using Kumar-Baranger
many-body wave function [89] calculated without hexadecapole deformation with
¢ = 0°, 20.2° and 60° for A=186, 188 and 190-196 resectively. See Refs. [55] and
(571 for details. f) B, values extracted from known 5{r®> using weighted least
squares fit [141. g} Experimental data taken from Refs. [65] (A=176,178),
(661 (A=180), [911(A=184), [92] (182 < A < 192), [931(A=186), [941(186 < A < 194).
Where not specified, current Nucl. Data Sheets were used.

A 82aa) 82l::) IBZ|C) ‘ﬁzld) leIE) |<[322>112|f) E;xpg) Etz:al E4/E§xpg) E4/Ec2:al
[MeV] [MeV]

196 -0.431  0.43(1) 0.2 0.25 0.13(1) 0.356 2.46

195 0.120 -0.144 0.14(1)

194 -0.138 0.44(1) 0.3 0.134 0.1434(206) 0.328  0.327 2.47 2.90

193 0150 -0.144 0.14(1)

192 -0.144 0.16(1) 0.14 0.144 0.15() 0.292  0.272 2.48 2.84

191 0.150 -0.151 0.15(1)

190 -0151 0.17(2) 0.5 0.155 0.16(1) 0.296 0.315 2.49 2.67

189 0.155 0.151 0.17(1)

188 0.158 0.17(2) 0.8 0.170 0.18(1) 0.266  0.301 2.53 2.70

187 0.169  0.192 0.19(1) '

186 0.192 0.18(1) 0.20 0.188 0.20(D 0.192  0.263 2.56 2.66

185 0.230 0.212 0.23(1)

184 0.205 0.23(2) 0.22 0.21(1) 0.163  0.129 2.67 3.00

183 0.240 0.225 0.24(1)

182 0.212 0.23 0.155  0.116 2.71 3.1

181 0.240 0.235

180 0.225 0.24 0.153  0.109 2.68 3.27

179 0.239

178 0171 0.22(1) 0.24 0.170 2.51

177 0.270  0.232

176 0.151 0.20(1) 0.22 0.264  0.093 2.14 3.22




Table 9: Electromagnetic moments of "771%3pt . a) Present work. 8opp = 0T
for model parameters see Table 7. b) Calculation of Duong et al. [13] using
Nilsson model and g_.. = 0.6. lc-‘d) Calculation of Duong et al. [131 using
particle-axially symmetrical rotor model with single-particle wave functions from
HFB calculation; E e = 0.6, the core nucleus is 7Pt for (c) and A*!Pt for (d).
For more details see Ref, [13]. e) Present work, v = 0°. f) Present work, v = 60°.

A Irr Qcala) ucala) u_calb) l.I,'t.:ss:,l ucal
{eb] [n.m.] [n.m.3 (nm.J]  [nm.)
193  1/2° +0.51
+0.479
191 3/2° -0.74 -0.51 +0.39 +0.31 +0.19
-0.76 -0.319
189  3/2- -0.79 -0.44 +0.39 +0.39 +0.31
-0.80° -0.24F
187 3/2° -0.97 -0.36 +0.39 +0.53 +0.39
-0.89F -0.13P
185™ 1/2° +0.46
+0.47%
185  9/2* +3.46 -0.93 -0.45 -0.73 -0.79
+3.93¢ -0.90°%’
183™ 7/2° +3.35 +0.86
+3.68% +0.91¢’
183  1/2° +0.45
+0.47%
181 1/2° +0.45
+0.47¢’
177 172" +0.46
+0.47%
177 5/2° +3.00 -0.31




FIGURE CAPTIONS

Figure 1: Experimental set-up for on-line resonance ionization mass spectroscopy
of radioactive platinum isotopes. Mercury ions which were produced and mass
separated at the on-line mass separator ISOLDE-3 at CERN/Geneva are implanted
with 60 keV into a target wheel made of graphite. After a delay adjusted to
the decay time of the Hg mother isotope to the Pt daughter, the wheel was
turned by 180° and a pulsed thermal atomic beam was formed by laser desorption.
The atoms desorbed are analyzed by RIMS. The ion deflector in the TOF spectro-
meter shields the microchannel plate detector against radioactivity.

Figure 2: Part of the atomic level scheme of platinum. The excitation steps
used in the RIMS/PLID-experiment are indicated.

Figure 3: Resonance signals of laser-desorbed "!Pt (I = 3/2; upper part) and
183py (] = 1/2, Ty,o = 6.5 min; lower part) versus the laser frequency in the first
excitation step as obtained by resonance jonization mass spectroscopy. The solid
lines represent fits to the data points. In. the case of '%°Pt, 3-10° ions of
183Hg were implanted into the target wheel.

Flgure 4: Mean-square charge radli of platinum, gold and mercury isotopes as
function of mass number. The radii of ground states are indicated and connected
by an eye-guiding line. In addition, the charge radii of isomeric states
are given. The errors are smaller than the diameters of the symbols except
for 18%pt and '®*Au. In addition, there is a common scaling uncertainty for
each isotopic chain of the order of 10 %. The < r2>-values for platinum were
calculated from the 8 < rZ > -values given in Table 5. For absolute <rZ> -values,
the mean-squared charge radius of 198ps was calculated by means of the
Droplet model [42]. Quadrupole deformation was taken into account by use of
the B(E2)-value of 1°* Pt [46). Similarly, the data for gold [10,111 and mercury [7]
were derived with **7Au and 204Hg as reference nuclei.

Figure S: Quadrupole deformation parameters <[32>1/2 of platinum, gold, and
mercury isotopes as a function of mass number as calculated from the measured
isotope shifts. The guiding line is connecting the ground states. In addition,
the quadrupole deformation parameters of the isomeric states are given. The
values for platinum are taken from Table 6, those for gold and mercury from
Ref. [7,10,111. '

Figure 6: Calculated magnetic moments (a), quadrupole moments (b) and energies
of the lowest 3/2-states (c} in 187pt for &, = 0.15, 0.169 and 0.22 as a function
of y-deformation (connected by eye-guiding lines). Experimental values of the
quadrupole and magnetic moments are also given.

Flgure 7: Total Routhian Surfaces for 1757193p¢. The surface displays configurations
with negative parity and signature o« = -1/2 at a ratational frequency of
fiw = 0.05 MeV. The energy difference between the contour lines is 100 keV.
Note the smooth transition from prolate to oblate with increasing neutron number.
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