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Diss.

Neutron-deficient 3Pt and 7Pt were studied using heavy-ion fusion-evaporation
reactions. The JUROGAM Ge array and the GREAT spectrometer, in conjunction with
the RITU gas-filled separator, were used for prompt—y-ray and decay spectroscopy, re-
spectively. The prompt 7 rays of 1"™>17Pt were selected using the recoil-gating and
recoil-decay tagging techniques. For both nuclei, the known positive-parity bands were
extended, and negative-parity bands were observed. An i1/, quasineutron alignment
was observed for the positive and negative-parity bands of 3Pt and !"°Pt, based on a
cranked shell-model analysis. Observed low-frequency alignment irregularities of 17°Pt
suggest a change of deformation within the rotational structure. Based on unhindered
a decays of 3Pt and "Pt, and the observation of subsequent M1 transitions in 1690s
and ' Os, respectively, the ground-states of !">17Pt were assigned to have I™ = (7/27).
An isomeric state with a half-life of 9.0(5) us was observed in "3Pt. This isomeric state
was assigned to have I™ = (13/21), based on the observation of coincident M2 and M1

transitions following the decay of the isomeric state.

Keywords: nuclear spectroscopy, gamma-ray spectroscopy, alpha decay, recoil-decay

tagging, neutron-deficient nuclei, cranked shell model
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Chapter 1

Introduction

The atomic nucleus can be characterised in numerous ways. For example the number
of protons Z in the nucleus is used to label different atomic elements together with
their given names. The element platinum refers to an atom with 78 protons in each
nucleus. The isotopes of a given element can be identified by the number of neutrons
N or by the mass number A = Z + N. To date, 39 Pt isotopes have been identified,
ranging from the very-neutron deficient '%’Pt to the neutron rich 2%5Pt,.

Protons are known to have positive electric charge whereas neutrons are electri-
cally neutral. Due to the fact that complex nuclei exist, there must be a strong force
binding the protons and neutrons (nucleons) together to form a nucleus. This force has
to be strong enough to overcome the Coulomb repulsion between the positively charged
protons. Unlike the Coulomb force, the strong force has a short range. This becomes
evident for the heaviest nuclei, which fission spontaneously, as the Coulomb repulsion
overcomes the short-range binding force.

The experimental work presented in this thesis is centred around two isotopes of
platinum, with mass numbers 173 (N = 95) and 175 (N = 97). The short half-lives
of these radioactive isotopes call for the use of experimental facilities, to first create
the nuclei, before they can be investigated experimentally. The closest stable isotope
of platinum has mass number 190, thus these neutron-deficient isotopes are 17 (}"3Pt)
and 15 (}*Pt) neutrons away from '%Pt. Omne of the motivations for this work is
to continue the systematic study of the excited states in this region of nuclei, near
the Z = 82 shell closure. In recent years, it has become possible to perform target-

position v-ray and focal-plane decay spectroscopy in a single experiment, when a recoil
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separator is utilized. The correlations, between the observed signals® from various
detectors in the experimental setup, depend on the properties of the nuclei emitting
them. Thus, it is possible to make observations of nuclear structure by measuring, for
example, electromagnetic radiation from an A = 173 platinum nucleus. Complimentary
information to the ~-ray spectroscopy results can be gained by performing a-decay
spectroscopy.

The Pt isotopes investigated here are situated just below the proton-magic num-
ber 82 of the spherical shell model. In Pb (Z = 82) and Hg (Z = 80) isotopes coexisting
structures having different deformations have been well established [Heyll, GR14a].
The occurrence of these different nuclear shapes at low excitation energy is attributed
to the energetically favourable multi-particle multi-hole (mp-mh) excitations. In this
process the pair excitation lifts nucleons across a closed shell [Heyl1]. These closed
shells are explained by the nuclear shell model. For Pt isotopes similar shape co-
existence, due to intruder mp-mh excitations, is not as well established, as it is for
Hg and Pb isotopes [GR11]. However, for 174,176 Pt jsotopes, coexisting shapes have
been proposed due to observed irregularities in aligned angular-momentum plots at
low rotational frequencies (w) [Dra86, Dra91l, Ced90, Goo04b]. These observations are
supported by total Routhian surface (TRS) calculations, which predict well-defined
prolate deformations at high-w values. At low w, the minimum-deformation value is
not as well defined in "176Pt [Ced90, Goo04b]. A change in deformation was also
suggested to occur in a positive-parity band of 1Pt based on observed low-frequency
irregularities and TRS calculations [Ced90]. However, shape coexistence has not been
observed in ""Pt [Dra90].

The study of odd-A nuclei is important in order to obtain information of the
single-particle orbitals, which are occupied by the odd nucleon. For "'Pt, 1670Os
and '3W [Sch10], as well as for "Hg [0’D09] and '""Hg [Mel03], the observation
of I™ = 13/2% isomeric states have been reported. These relatively long-lived states
are assumed to be based on the 713, unique-parity single-particle orbitals. Transitions
of M2 character originating from these I™ = 13/2" states have been observed to feed
I™ = 9/27 states of an hgs, origin [Sch10, O’D09, Mel03]. Support for the I™ assign-
ments of ground states and excited states can be obtained from the study of a-decay
properties of nuclei [Ras59a, Ras59b, GR11, Hey11]. An unhindered « decay is likely to

be observed between initial and final states of similar nuclear configurations in mother

#For example the amplitude (x energy) and time of detection.



Chapter 1. Introduction 3

and daughter nuclei, respectively. Additionally, a-decay studies compliment the study
of excited states produced in heavy ion-fusion evaporation reactions. The excitation
energy of fusion-evaporation reaction products is released mainly via the yrast states.
In « decay, non-yrast states at low excitation energy can be populated with high prob-
ability. A recent outstanding example of the power of a-decay spectroscopy is the
observation of the a decay from '®°Po. In this work, o decays to three I™ = 07 states
in 186Pb were observed by A. Andreyev et al. [And00]. These 0% states are assumed
to have different deformations, which is supported by the measured reduced widths for
the a-decay branches.

Not all the parameters of interest in platinum isotopes can be measured with a

single experimental setup. Therefore, in this work three main goals were set:
e extend the knowledge of the excited states,
e search for isomeric states, and
e investigate the fine-structure o decay,

in 17317Pt. The results obtained are from two different experiments performed at the
Accelerator Laboratory of the University of Jyvaskyld (JYFL). The experimental setup
consisted of the JUROGAMP array, the RITU separator and the GREAT spectrometer.
The nuclei studied were produced in fusion-evaporation reactions induced by heavy-ion
beams of stable isotopes. Results for excited states in 7Pt and ™Pt are presented
together with results from « decay of these isotopes. The results are interpreted using
the cranked-shell model formalism and comparing the excited states of 1Pt and "> Pt
to N = 95 and N = 97 Os, W and Hf isotones, respectively. An isomeric state
with I™ = (13/2%) was observed in !™Pt, but not in '"™Pt. Additionally, a-decay fine
structure was studied in 1Pt and ">Pt, revealing information on the excited states

in 1690s, 171 Os, respectively.

PThe 5Pt experiment used the JUROGAM I Ge array, whereas the JUROGAM II array was used
in the '"Pt experiment.






Chapter 2
Background

Atoms are known to consist of electrons surrounding a dense nucleus of protons and
neutrons. The radii of atoms are of the order of 10719 m whereas the radius of a nucleus
is of the order of R ~ 1.2 x AY/? fm ~ 10~ m [Gre55, p.7,38], [Eva72, p.30], for the
nuclei studied in the present work. In atoms, electrons can be thought of as moving
inside a central potential almost without interaction with each other. Placing electrons
or nucleons into a confining potential, allows only a discrete set of energy states for
the particles, which is explained by the quantum mechanical model of the system (see
e.g. [Kra88, p.25]). However, within the nucleus the definition of a central potential is
not as obvious as for atoms. The masses of the protons and neutrons are roughly the
same® and their radii are comparable to the radius of the nucleus. Additionally, nuclei
are bound together by a strong force with a short range. From this point-of-view the
nucleons hardly seem like independent particles revolving around a common centre.
Hence shell structure was originally not expected to occur in nuclei. However, there
exists substantial experimental data that points towards certain numbers of Z and NV,
corresponding to nuclei that are observed to be especially stable. Based on these magic

numbers, the picture of a shell structure appears.

2.1 Nuclear shell structure

One example of the aforementioned enhanced stability of magic nuclei, are the two-

nucleon separation energies as a function of Z or N. The nucleon numbers where extra

®The mass of an electron is =~ 511 keV/c?, whereas the proton and neutron masses are m, ~
938.3 MeV /c? and m,, =~ 939.6 MeV/c?, respectively [Moh12].
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stability is seen are 2, 8, 20, 28, 50, 82. These are called the magic numbers. For
neutrons N = 126 is also a magic number. Examples of the evidence for these magic
numbers are given for instance in Refs. [May49, Kra65]. These shell structures can
be explained assuming the nucleons move independently in a spherically symmetric
central potential. In this potential, the allowed energy levels can be characterised by
the orbital angular-momentum quantum number [ of a nucleon. The notation used for
the different [ values is s,p,d, f, g, h,i,...for l = 0,1,2,3,4,5,6,..., respectively. Due
to the spherical symmetry of the potential, the 21 + 1 different angular orientations of [,
the magnetic substates m;, have the same energy. Thus, the different [ orbitals are said
to be degenerate. The ordering and spacing of the orbitals depends on the shape of the
confining potential. However, the magic numbers could only be reproduced by assuming
a strong spin-orbit coupling between the spin s and [ of a particle [May49, Hax49].
Fermions — protons, neutrons and electrons — have s = 1/2, with possible projections
ms = +1/2. When the spin of nucleons is taken into account, the resulting j orbitals
are (2§ + 1) degenerate and j = [ + 5 is called the total angular momentum. This is
the independent-particle model (IPM) or shell model. Assuming that the strong force
favours pairs of identical particles, which couple to zero total angular momentum, the
IPM explains the experimental result I, = 0% for even-Z, even-N nuclei [May50].
An even number of identical nucleons of the same j orbital coupling to zero angular
momentum is called pairing. For odd-A nuclei the IPM, together with pairing, predicts
that the I™ of a nucleus is determined by the last unpaired nucleon. This assumption
is in good agreement with the experimental results for I™ for nuclei near the magic
numbers [May50]. The independence of the single-particle motion in a nucleus is seen as
a result of the Pauli exclusion principle, which prohibits two like fermions occupying the
same quantum state [Bla60, pp.39-43]. On the left-hand side of Figure 2.1 the ordering
of some of the spherical shell model single-particle orbitals for neutrons is shown. The
spin-orbit coupling causes these [ orbitals to be split, and the magic numbers 82 and

126 appear as large energy gaps, created by the splitting of the orbitals.

PThe intrinsic angular momentum s of a particle is called spin. The word spin is often used for the
total angular momentum I of a state, in addition to the intrinsic angular momentum.
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FIGURE 2.1: A schematic drawing of the evolution of the excitation energy of the
neutron single-particle orbitals based on References [Kra88, Nil95]. On the left, the
spherical shell model [-orbitals are split into two by the spin-orbit interaction. The
I quantum numbers are labelled by letters s,p,d, ... corresponding to [ = 0,1,2,....
In the middle the deformation (f2) is increasing while moving from left to right.
The 25 + 1 degeneracy of the spherical potential is broken in the deformed potential
(Nilsson model, Section 2.3) and the resulting orbitals are only 2-fold degenerate
(ms = £1/2). On the right-hand side of the Figure, the deformation is fixed to a
non-zero value while at the same time the angular velocity w increases when moving
to the right. The energy of the single-particle orbitals can be described in this case by
the Cranking model (Section 2.4). Even the 2-fold degeneracy of the Nilsson model
orbitals is broken by the rotation of the system. Only parity (7) and signature («) can
be used to uniquely define the resulting orbitals. Some of the Nilsson model orbitals
are not drawn fully to maintain clarity of the Figure.

2.2 Unique-parity states

In the IPM the spin-orbit coupling divides the degenerate [ orbitals in two. The split
orbitals are labelled by the total angular momentum quantum number j. The splitting
favours the high-j orbitals, while at the same time the low-j orbitals gain excitation
energy. At certain particle numbers, this splitting can push an orbital originating

from an odd-l (even-l) state among orbitals having only even-l (odd-l) values. As the
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parity® of a given orbital is given by (—1)l (see e.g. [EvaT72, p.174-175]), these intruding
orbitals have unique parity compared with the nearby orbitals. These states are also
called intruder states within the shell-model picture. In Figure 2.1 the splitting of
the 17 orbital pushes the ii3/, orbital down in energy making it an intruder state. A
transition between states of different parity, and possibly with a large difference in
angular momentum, is likely to be hindered. The large hindrance causes the half-life
of the initial state to be longer, compared with a transition where a smaller change
in angular momentum occurs. The 413, orbital is chosen as an example, as the region
where 7317Pt are located is known to be influenced by the presence of this unique-
parity orbital [Sch10, O’'D09, Mel03].

2.3 Rotational spectra and deformation

Nuclear deformation was introduced to explain the observed large quadrupole moments
of, for example, 1™176Lu [Tow49, Rai50], which were unexplained by the spherical shell
model. If a nucleus is deformed it can rotate collectively. Alternatively, the collective
motion may consist of vibrations about an equilibrium shape. A description of bound
energy states of individual nucleons in a deformed nucleus was written, for the first
time, by Nilsson [Nil55, Mot55]. The deformations considered in the Nilsson model are
axially symmetric prolate and oblate shapes?. Small deformations can be described by
the quadrupole-deformation parameter 55 [Boh52, Nil69], describing prolate and oblate
shapes when positive and negative, respectively. A prolate deformation corresponding
to P2 &~ AR/R = 0.2 is shown in Figure 2.2. The difference between the two axis of an
ellipsoid AR is taken to be AR = a — b, where a and b are defined as in Figure 2.2.
Furthermore, the average radius R is defined as R ~ % (a + 2b) [Boh73, p.47].

The deformed shape of the potential breaks the 25+ 1 degeneracy of the spherical
shell model leaving only the degeneracy due to the spin s of the nucleons. Furthermore,
the energy states are labelled by the quantum numbers Q" [Nn,A]. In the notation Q2
and A are the projections of the nucleon’s total and orbital angular momenta, respec-
tively, to the symmetry axis as shown in Figure 2.3. N is the total number of oscillator

quanta and n, is the number of nodes in the oscillations perpendicular to the symmetry

“Parity 7 is a reflection symmetry quantum number of the system. A system can possess positive
7 = + or negative m = — parity.

4A sphere stretched from opposite ends like a cigar and a compressed sphere similar to a pancake
describe prolate and oblate shapes, respectively.
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FIGURE 2.2: An ellipsoid (solid line) corresponding to a prolate deformation of 8y ~

AR/r = 0.2. The ellipsoid is compared with a circle (dashed line) of radius R having

the same area as the ellipsoid. The deviation from the spherical symmetry AR is

defined as a — b. The length of the ellipsoid is 2a along the z axis and 2b is the length
along the = axis [Boh73, p.47].

axis [Mot59]. The total length of individual j projections on the nuclear symmetry axis
(€;), for a multi-particle state, is denoted as K =) . §2;. The splitting of the spherical
shell model orbitals in the deformed potential is shown in the middle of Figure 2.1,
where 35 is increasing while moving to the right.

If the intrinsic motion of the individual nucleons can be separated from the col-
lective motion of all the nucleons, the total angular momentum I consists of the angular
momentum R of the rotating core and the angular momentum J of the independent
nucleons. Then a fixed axially symmetric deformation of an even-even nucleus allows
collective rotation perpendicular to the nuclear symmetry axis. The energy of the
rotation for an even-even nucleus is then given as

72

Erot:ﬁl(l+1)a I:O,2,4,... (21)

where J is the moment of inertia of the nucleus and K = 0 [Boh53b, Boh53c, Boh53a].
The energy of the single-particle state determines the absolute position of the band
head of the collective rotational structure. Experimentally Equation (2.1) is seen as a
regular pattern of peaks in the measured radiation energy spectrum, where AFE,, =
Buor(I) — Feot (I — 2).

When rotational states in a deformed odd-A nucleus are considered, there are
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FIGURE 2.3: In the Nilsson model the projection of the orbital angular momentum

[ to the nuclear symmetry axis z is A. The projection of the particle’s total angular

momentum j to the symmetry axis is denoted by Q. The total angular momentum I

of the system is composed of j and the rotation of the core R. The projection of I to
the axis of rotation x is I,.

different possibilities for the coupling between the rotating core and the odd nucleon.
If the nucleus has a large deformation, the nucleon motion can be strongly coupled
to the deformed core. In this strong-coupling model the projection of the nucleon’s
angular momentum to the symmetry axis (£2) is a good quantum number [Boh51].
Equation (2.1) for the odd-A case in the strong-coupling limit is written as
h? 1

Erot:ﬁ[l(l"i'l)_K(K—i_l)]a K#ia I=0,12,..., (22)

by taking into account the K value of the odd nucleon [Boh53a]. For K = %, the

Coriolis force has a large effect on the rotational energy, which can be described by

K2 1 1
Eoot = — I(I+1)+a(1)f+5<1+2)5K1], K:§, I1=0,1,2,..., (2.3)

27 2
where a is the decoupling parameter [Boh73, pp.31-34].
As the rotation of the core increases the influence of the Coriolis force becomes
more significant. At high enough angular momentum it is to be expected that the
coupling of the nucleon motion to the core rotation will overcome the tendency of

the nucleons to align themselves along the axis of nuclear deformation. This rotation
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coupling essentially decouples the motion of the nucleon from the core deformation,
aligning the nucleon angular momentum along the rotational axis. Thus, the rotational
spectrum in the decoupled limit should resemble the spectrum of the neighbouring even-
A nucleus [Ste72, Ste75]. This decoupling can arise even in the low-I region when the
Fermi surface® is near the low-{2 states of a given j orbital. Especially favourable
candidates are orbitals originating from the spherical shell model intruder states, as
the Coriolis energy can be estimated as
72

EES ~ 27 217, (2.4)
where [ is the total angular momentum of the system and j is the angular momentum
of the nucleon [Ste75]. For example, the i13/, state has different parity and the highest
7 value compared to other states within the major shell that is located between magic
numbers 50 and 82.

The deformed shell model has been successful in explaining the observed spins
and parities in the regions where Z and N are in between magic numbers. If the
deformation of the odd-A nucleus under study is known, the Nilsson model gives a
prediction for the I™ of the ground state by the placement of the last nucleon onto an
available single-particle orbital. On the other hand, the model of collective rotation
explains the occurrence of rotational spectra whenever nuclei are deformed. Different
coupling models can be used to gain information on nuclear deformation and single-
particle orbitals involved.

In addition to the axially symmetric deformations, axially-asymmetric (triax-
ial) nuclear shapes are also possible. The magnitude of the axial asymmetry can be
described by the 7-deformation parameter (see e.g. [Nil95, p.126]). When [y and ~
parameters are used together for the description of a triaxial shape, 82 can be taken to
be a positive number. Then v = 0° and v = —60° describe prolate and oblate axially
symmetric shapes, respectively, for collective rotations. Values of « that are in between
0° and —60°, describe triaxial deformations [Nil95, p.126].

®The Fermi surface defines a boundary of occupied and unoccupied energy states of the system.
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2.4 Cranking model

Equations (2.1) and (2.2) are good first approximations for deformed nuclei. However,
when plotting the moment of inertia J against w?, a backbending of the moment-of-
inertia curve was observed for certain nuclei [Joh71]. These pronounced effects in the
moment of inertia have been attributed either to the breaking of a nucleon pair or a
crossing of two rotational structures with different moments of inertia [Ste75].

A cranking-model description of the moment of inertia assumes an external ro-
tation of the intrinsic coordinate system of the nucleons [Ing54]. The total Hamil-
tonian of a nucleus then has an additional term —hAwl,, where w is the fixed angu-
lar velocity of the deformed potential about the z axis' and I, is the component of
the total angular momentum operator along the x axis [Ing54, Ben79b]. Including
also the pairing interaction, a good description of the experimentally observed mo-
ments of inertia can be obtained from the cranking model. The pairing interaction
between nucleons was described by Belyaev using the independent quasi-particle for-
malism [Bel59], which has also been used in the cranked shell model of Bengtsson and
Frauendorf [Ben79a, Ben79b, Ben86a|. The rotation of the deformed nuclear potential
breaks the two-fold degeneracy of the orbitals and thus only parity 7 and signature®
a are used for labelling the resulting states [Ben79b]. For nuclei with an odd particle
number, « is either +% or —%. The favoured signature of a j orbital is given by ay = j
mod 2. The right side of Figure 2.1 shows the breaking of the 2-fold degeneracy of the
deformed nuclear potential as w # 0.

The idea of the Bengtsson and Frauendorf model is to take the measured tran-
sition energies E(I) and transform them into the rotating system E (w). In addition,

energy e (w) is defined as the energy with respect to a reference configuration E..(w)
e (w)=F (w)— E,(w). (2.5)

The experimental rotational frequency is defined as

E(I+1)—E(I-1)

U= 0x) - Lu=1) (26)

fThe 2 axis is the axis of the rotation of the system, the symmetry axis of the system being the z
axis.
&Signature « is a quantum number describing the rotation of the system about the x axis [Ben79b].
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where [ is the so called intermediate angular momentum between two excited states

and I, is the projection of I to the z-axis [Ben79b]. The projection I, is given as

L=+ - K2 (2.7

by the Pythagorean theorem and the energy in the rotating system, the Routhian,
is [Ben79b)

/ 1
E(I)= B [E(I+1)+E(I—-1)] —w(I)I,(I). (2.8)
The experimental E/(I ) values define a discrete set of points which are plotted with

respect to the experimental rotational frequencies w([/). Furthermore it is now possible

to define aligned angular momentum i(w)
i(w) = Ip(w) = Ly (W), (2.9)

where I, is the angular momentum of the reference configuration [Ben79b]. According
to this definition, changes in the rotational structure will be highlighted clearly when-
ever the I, configuration is different from the configuration crossing the reference
configuration at given angular momentum.

The reference configuration describing the rotating core, can be taken to be for
example the ground-state band of the neighbouring even-even nucleus. Due to the
crossing of the reference band by the higher-lying band, the angular momentum I,
of the reference configuration is extrapolated using the Harris parametrization of the
angular momentum [Har65]

Lir = w (Jo + J1w?) . (2.10)
Extrapolation of the reference energy is defined as [Ben79b]

, 1 1 172
E. = —§w270 - Zw4\71 + 870 (2.11)

2.5 Nuclear decay

The decay of a nuclear state can be described by the radioactive-decay law, where the

decay constant \ is defined by the rate of decay

1 dN

A= ——— 2.12
Ndr (2.12)
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where N is the number of nuclei in the decaying sample (see e.g. [Eva72, p.470-473]).
By integration of Equation (2.12) the decay of the radioactive sample can be described
as

N = Noe M, (2.13)

where Ny is the number of decaying nuclei at t = 0. Furthermore, the time when half

of the nuclei in a given sample have decayed, is called the half-life
= — (2.14)

for the nuclei in the sample. If energetically possible, the nuclear decay is very likely
to proceed via particle emission. Only if particle emission is hindered, for example due
to a repulsive barrier, or when there is not enough energy available, is electromagnetic
(EM) radiation able to compete with particle emission. The probability of the transition
depends on the energy available for the decay, the conservation of angular momentum,
parity and charge [Eva72, Bla60]. When the half-life of a state is long compared with

the half-lives of other excited states in a nucleus, it is called an isomeric state.

2.6 Electromagnetic transitions and internal conversion

Electromagnetic radiation can be classified by angular momentum, carried by the emit-
ted photons () and the z-component of the angular momentum (m.,). For photons [
is always greater than zero. The type of radiation can be either electric or magnetic

for each value of [, and the parity of the radiation with [, is obtained by [Bla60]

electric:  m, = (—=1)",
! (2.15)
magnetic:  m, = —(—1)".

Conservation of the total angular momentum in a transition between states I] and I}r
restricts [, to values
’Ii—ff‘ <lIly <L+ 1Iy. (2.16)

Often I, = |I; — Iy|, due to the fact that the y-ray emission probability is proportional
to (R/X)?" [Eva72, Bla60]. Considering a y-ray energy of 1 MeV (X~ 107'% m) and
R ~ 107 m, it becomes apparent that the probability of EM radiation decreases

rapidly as [, increases. If there is a change in parity between the initial and final
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states, Iy is odd (even) for electric (magnetic) transitions, as parity is conserved in
the process. When the parity is unchanged, [, is even (odd) for electric (magnetic)
transitions. For the same multipole order, a magnetic transition compared with an
electric transition is slower by a factor ¢ [Bla60, p.623], where v is the velocity of the
nucleons. Thus, only if the electric transition for a given [, is forbidden by parity
conservation, is a magnetic transition of the same multipole order expected to compete
with an electric transition. Transitions from a state based on a high-j unique-parity
orbital are often hindered, as they not only include a change in parity, but also may
involve a large change in angular momenta between the initial and final states.

Useful estimates for the transition probabilities T' of the EM transitions can be
obtained assuming that the emitted radiation to is due to a transition of a single
proton in the nucleus [Wei51]. These Weisskopf estimates can be used to normalize the
experimental transition probabilities (%P = In2 / tT), to give a reduced transition
probability ’

B(ol) = T°/TW, (2.17)

where o distinguishes between electric (E) and magnetic (M) transitions, and TW is
the Weisskopf estimate for the transition probability. These estimates are to be taken
as order of magnitude estimates for the transition rates [Wei51]. If B(ol) > 1 the
transition cannot be solely due to a single proton, hence a collective behaviour can be
assumed.

Alternatively to photon emission the excitation energy can also be transferred to
a bound electron of the atom. The electron in this internal conversion process is then

ejected from the atom with an energy
E.=(F;—Ey)-B=FE,—-B, (2.18)

where B is the binding energy of the electron, and E; and Ey are the excitation en-
ergies of the initial and final states, respectively. The total decay constant of Equa-
tion (2.12) is the sum of the partial decay constants: A = A, + A.. The ratio of these
partial decay constants is the total conversion coefficient a = A./A,. Furthermore,
« is the sum of all partial conversion coefficients a,ar,anr... [Eva72]. The letters
K,L,M,...correspond to the atomic electron orbitals, starting with the orbital having

the lowest energy.
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2.7 Alpha decay

In o decay an « particle (a 3He nucleus) is emitted from the mother nucleus (éX N).
The resulting daughter nucleus can be denoted as Z X N_o- An a particle has zero
intrinsic angular momentum and 7, = +. The conservation of the total angular mo-
mentum demands that

|I; = If| <lo < I;i + Iy, (2.19)

where [, is the angular momentum carried away by the « particle. Only even [, are
allowed when there is no change in parity between IT and I}r. If m; # mp, only odd
values of [, are possible, due to parity conservation.

In addition to angular momentum and parity, the o particle has an electric charge,
go. = 2e. Consequently an « particle experiences a Coulomb potential barrier due to the
electric charge ¢ = (Z — 2)e of the daughter nucleus. According to classical physics an
« particle, confined within a potential, would never be able to penetrate this potential
barrier. The quantum-mechanical tunnelling through the Coulomb potential was orig-
inally considered by Gamow [Gam28| and separately by Gurney and Condon [Gur28|.

The decay constant A in « decay can be defined as
A= fP, (2.20)

where f is the collision rate of the a particle with the barrier [Per57]. P denotes the

barrier-penetration factor, which can be evaluated as

Ro V2 \/ 212262 h2

+ 2mr?

P =~ exp [ 2 lo(la +1) — E dr|, (2.21)
where M is the reduced mass®. Proton numbers of the « particle and the daughter nu-
cleus are Z; and Zs, respectively. The energy F of an « particle in Equation 2.21 takes
into account the decrease of the observed a-particle energy due to electron screening.
The nuclear potential V' (r) and the Coulomb and centrifugal terms form the total po-
tential experienced by the « particle. The integral is evaluated numerically within the
classical inner and outer turning radii R; and R, of the « particle, respectively [Ras59a].
The energy E available for the a particle inside the nucleus depends on the difference

of the masses of the initial and final systems. This energy difference is also called the

hThe reduced mass is mamX// (ma + me).
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Q) value of the decay, defined as
Q = (mx — my —ma)c?, (2.22)

where mx, my/ and m, are the atomic masses of mother and daughter nuclei and the
« particle, respectively.
To compare different measured decay rates, A, it is usual to define the reduced

width, 62, by [Per57]
hA

2 _ A
P rhf=7, (2.23)

where the rates are scaled by the barrier-penetration factor P. Decay rates in o decay
can be compared using the reduced hindrance factors F'. The reference value for the
decay rate is taken to be the ground-state to ground-state a decay of an even-even

nucleus [Rasb9%, Rasbh9b]. For an even-even nucleus F' can be defined as [Ras59a]

2
— 5gs

F=-

(2.24)

where 5§S is the reduced width of the ground-state to ground-state « decay. For an
odd-A nucleus an average value of nearest even-even isotopes is used as a reference.

The hindrance factor can then be described as [Ras59b]

F:%+%
2(scz)dd ’

(2.25)

where 6% and 62 are the reduced widths of the (A—1) and (A+1) isotopes, respectively.
Reduced hindrance-factor values less than 4 (favoured decay) are usually taken to
represent « decays between initial and final states of similar configurations. Values

larger than four are associated with unfavoured « decays.

2.8 Systematics of platinum isotopes

An appreciable amount of research has been carried out on the excited states of neutron-
deficient platinum isotopes. In the odd-A Pt isotopes between A = 187 — 194, the
observed decoupled bands can be explained by assuming an oblate deformation. For
oblate deformation, the Fermi surface for these nuclei is close to the low-{2 Nilsson

orbitals of viis/, origin [Pii75]. For even-A '¥2-186Pt isotopes, a prolate ground-state
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deformation was suggested [Bur67, Bes76]. The perturbed low-I structures of 176178Pt
were assumed to be due to shape-coexistence [Dra86, Ben86b, Ben87, Ced90]. Most
recently, the results reported for the very-neutron deficient Pt isotopes of A = 167—172
reveal a change towards a vibrational character of the low-lying excited states [Ced98,
Jos05, GHO09].

Comparing the excited states of the odd and even-mass Pt isotopes provides an
insight in to the coupling of the odd neutron to the even-A Pt core. The systematics of
yrast states of A = 168 — 194 Pt isotopes is shown in Figure 2.4. Around the neutron
mid shell (N = 104) the addition an odd neutron has an effect on the excitation energy,
when compared with the even-A isotopes. This is a consequence of the deformation of
Pt nuclei around N = 104, thus making it possible for the odd neutron to be strongly
coupled to the deformed core. However, the odd-even staggering of the excitation
energy presented in Figure 2.4, can also be attributed to a difference in deformation
between the odd-A and even-A nuclei. When moving away from the neutron mid shell,
the odd neutron is seen to become decoupled from the deformed core. This is seen in
Figure 2.4 as the odd-A Pt isotopes’ excitation energies become similar to the excitation
energies observed in the even-A Pt isotopes (moving to the left from N = 97 and to
the right from N = 109).

A more direct observation of the ground-state properties of nuclei is provided by
laser spectroscopy. Results for the ¥3~198P¢ [Hil192] and 178~ 183Pt isotopes [Le Blanc99)
agree with the assumptions made about the ground-state deformations based on ~y-
ray spectroscopy. The results from laser spectroscopy highlight the general trend of
increasing prolate deformation below A = 188. Information on the deformation of
low-lying configurations can also be obtained through lifetime measurements. The
B(FE2) values reported for the low-lying states in even-A 176:180-186p¢ jsotopes are
all significantly larger than the corresponding single-particle estimates [Dra86, Gar86,
Wil06, Wall2, Glal2]. These values signify the collective character of the observed
rotational structures. For these nuclei, the B (E2,4T — 2) values were observed to
increase significantly, compared with the B (E2,27 — 0%) values. This increase was
interpreted as a sign of configuration mixing due to coexisting deformed configurations.
For '™Pt, the B (E2,17/2 — 13/2%) and B (E2,21/2t — 17/2%) values of 88.5(5) W.u.
and 290(5) W.u., respectively, were reported [Watll]. A change in the deformation
in 5Pt was assumed to take place in the rotational band that is based on the 113/

configuration by Watkins [Wat11].
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FIGURE 2.4: Systematics of yrast states in A = 168 — 194 Pt isotopes as a function of
the neutron number N. The even-A isotopes (open symbols) are plotted with respect
to the 07 ground state. Positive-signature states of odd-A isotopes (filled symbols) are
plotted taking the 13/2% state as a reference. Vertical dashed lines highlight N = 95,97
of 17175Pt respectively. Around the neutron mid shell (N = 104) the excitation
energies of these yrast states have a pronounced staggering between the odd-A and
even-A nuclei. When moving away from the neutron mid shell, the motion of the odd
neutron is seen to become weakly coupled to the core deformation. This is seen from
the similarity of the excitation energy between even and odd-A Pt isotopes at N < 97
and N > 109. Data are taken from [Pii75, Jan88, Bes76, Nyb90, Bur67, De Voigt90,
Bag09, Dra86, Dra90, Dra91, Ced98, Jos05, GH09].
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Experimental techniques

3.1 Production of Pt nuclei

All experiments of the present work were performed at the Accelerator Laboratory of
the Department of Physics, University of Jyviiskyld (JYFL). Both ™3Pt and '"™Pt nu-
clei were produced in fusion-evaporation reactions induced by heavy-ion beams. Here,
the fusion of two stable nuclei was accomplished by producing an ion beam from a cho-
sen isotope. The ion beams were provided by an electron-cyclotron resonance (ECR)
type ion source. This ion beam was then accelerated, using the K130 cyclotron, to an
energy required for a fusion-evaporation reaction to occur. After the cyclotron, the ions
were guided into the RITU cave, where the beam impinged on a thin target. Table 3.1
lists the reactions, beam energies, target thicknesses and beam intensities used in the
experiments. In addition, the estimated cross section (o) for each reaction is given in
Table 3.1.

The kinetic energy needed for the fusion of a beam particle with a target nucleus
to be possible is determined by the repulsive Coulomb force between the two nuclei.
Additionally, the reaction () value effects the excitation energy of the fused system. For
the reactions used in the present work, the ) values are negative. In the fusion process
the nuclei are assumed to form a semi-stable compound nucleus with no memory of its
past state [Boh36]. The compound nucleus is in a highly excited state and it decays
mainly via particle emission within (107 —1071) s [Fr596]. After particle emission
the excitation energy of the system is released by the emission of statistical v rays —

mainly of dipole character. Finally, the excitation energy of the residual nucleus reaches

21
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TABLE 3.1: The isotopes of the target and beam materials used in the experiments are

listed together with the particle-evaporation channels leading to 73'7°Pt. The beam

energy E})ab, target thickness d, average beam intensity I;'®, beam on target time

and the estimated cross section (o) for the corresponding reaction channels are also

provided. All the Mo targets used were self supporting and their isotopic enrichment

was more than 97 %. The targets were combined together with a (40-50)-ug/cm?
carbon reset foil, which was placed downstream from the target.

Reaction Elb, d, I, Beam time, o,
MeV  mg/cm?  particle-nA h 10727 cm?
(pnA) (mbarn)
92Mo (86Sr, 2pn) Pt 403 0.60 8 168 4
92Mo (84St 2pn) PPt 392 0.60 6 140 0.3
400 0.60 6 145 0.3
2Mo (#Kr,3n) Pt 362 0.55 4 36 0.5

the yrast line, from where it decays towards the ground state. Typically half-lives of
the states in the yrast cascade are in the picosecond range [Ste72]. An important aspect
of heavy-ion induced fusion reactions is the possibility to transfer a large amount of
angular momentum, | = 7 x p, to the compound system. The emitted particles and
statistical v rays carry mainly excitation energy away from the compound system,

hence the yrast levels can be populated in this way at high angular momentum [Ste72].

3.2 The JUROGAM I and II Ge-detector arrays

The residual nuclei following the reactions given in Table 3.1 still have high velocities
(% ~ 4 %) after penetrating the remaining part of the thin target material. However,
due to the short half-lives of the excited states, the v rays are typically emitted within
a 1 mm distance from the point of the fusion reaction. For this reason, information
about the excited states can be gained by observing ~ rays emitted by the reaction
products at the target position. The residual nucleus formed in the fusion-evaporation
reaction is called hereafter a recoil.

The measured v-ray energies need to be corrected for the Doppler shift. The
Doppler-shifted ~-ray energy E; is

’ v
E -E, (1+Ecos¢9), (3.1)
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where E, is the unshifted energy, v is the velocity of the recoils and the angle of emission
0 is measured with respect to the beam direction. The angle 6 is rather well defined for
the v rays emitted by the recoils, since for the reactions used, the recoil distribution is
forward focused.

Good energy resolution is generally required to separate the observed 7-ray en-
ergies. Also, as many of the emitted photons as possible should be absorbed by the
detector material, for high detection efficiency. The interaction of the electromagnetic
radiation with matter is a statistical process, showing an exponential decay of the orig-
inal intensity when passing through matter [Eva72]. The main interaction processes
with matter, considering the X-ray and ~-ray energies of this work, are the photoelec-
tric effect, Compton scattering and pair production. In pair production a high energy®
photon is absorbed and an electron-positron pair is created. Also in the photoelectric
effect the total photon energy in absorbed, now by an atomic electron. This electron
is then ejected from the atom. In the Compton-scattering process, the photon scatters
from a nearly free atomic electron. The outcome of the scattering is a photon of lower
energy and a scattered electron.

Currently the best compromise in detection efficiency and energy resolution, for
the detection of 7 rays, is achieved by the use of high-purity germanium (HPGe) de-
tectors. Although the proton number of Ge is low (Z = 32), making the photoelectric
absorption probability small, the excellent energy resolution compensates for this short-
coming. In the JUROGAM I array 43 GASP [Ros93] and EUROGAM Phase 1 [Bea92]
type HPGe detectors were placed into 6 rings around the target position. Additionally
the Ge detectors were surrounded by anti-Compton bismuth germanate (BGO) shields.
Vetoing events that are simultaneous in the Ge and scintillator detectors improves the
peak-to-background ratio of the measured ~-ray energy spectra.

Before the 3Pt experiment, the JUROGAM I array was replaced by the JU-
ROGAM II array consisting of 15 GASP and Phase 1 type Ge detectors together with
24 clover-type [Duc99] Ge detectors. The detectors in JUROGAM II form 4 rings sur-
rounding the target position. Each of the clover detectors houses four separate Ge crys-
tals. Signals from each crystal can be added-back to reconstruct the scattered events
between the crystals of a single detector. With the add-back method high photon-
detection efficiencies can be achieved [Duc99]. Unfortunately ring 1 of JUROGAM II,

2F, > 2mec® = 1.022 MeV
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which holds 5 Ge detectors at an angle § = 157.6°, was not in place in the ™3Pt exper-
iment. Additionally, one clover detector was not used in the ™3Pt experiment because
of inferior energy resolution.

The Ge detectors were energy and efficiency calibrated using '3*Ba and »?Eu
radiation sources [Fir96]. The absolute ~y-ray detection efficiencies, €, extracted for
the 1.33-MeV 7-ray energy using a °Co radiation source, were 4.2 % and 3.9 %, for
JUROGAM I and II, respectively.

Angular distributions of the EM radiation can be measured after the heavy-ion
fusion reactions due to the well-defined beam direction and the large angular momentum
of the recoils [Dia66, New67]. From the angular distributions it is possible to determine
the multipole order of EM radiation [Bla60, p.594]. The angular distributions were
fitted as [New67]

W (0) = Ag + APy (cos @) + Ay Py (cos ), (3.2)

where P (cosf) = cosf and Py (cos) = % (cos?6 — 1) are the Legendre polynomi-
als [Boa83, p.487,766]. Stretched AI = 2 transitions have positive values for As/Ay,
whereas a negative value suggests a pure stretched AI = 1 transition [Dia66]. For
weaker prompt transitions at higher I, only the ratio of the anisotropy could be ex-
tracted from the data for ">Pt, defined as

I,(157.60°)

Ry = 3.3
M 1(94.16°) + 1,(85.84°) (3:3)

where I, is the efficiency-corrected y-ray intensity measured at a given angle. The
notation Rj; refers to the JUROGAM I array.

Analysis of the extracted yy-matrix and ~y7y-cube data was performed using
the programs ESCL8R and LEVITSR, respectively, from the Radware software pack-
age [Rad95a, Rad95b]. The time-coincidence condition was set to 100 ns between ~y-ray

events accepted into a matrix or cube.

3.3 The RITU separator

Both Ge-detector arrays were used in conjunction with the gas-filled recoil separator
RITU [Lei95], which is located downstream from the target position. The RITU sepa-
rator consists of a quadrupole, a dipole and two further quadrupole magnets. The first

quadrupole focuses the recoils vertically for better acceptance of the recoils into the
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dipole chamber [Lei95]. The magnetic field B of the dipole bends particles according
to their average magnetic rigidity, which for a gas-filled separator is independent of the
initial charge states and velocities of the particles [Lei95]. As the beam ions have a
smaller magnetic rigidity compared with the recoils, separation of beam from the recoils
is accomplished in the dipole field. During operation RITU was filled with helium gas
at about 1 mbar pressure. Recoils colliding with the He atoms attain a well-defined
average charge state, which leads to a smaller recoil image size at the focal plane of

RITU. Thus, the recoil transmission of the separator is increased [Lei97].

3.4 The GREAT spectrometer

At the focal plane of RITU is the Gamma Recoil Electron Alpha Tagging (GREAT)
spectrometer [Pag03]. As recoils leave RITU, they fly through an isobutane-filled multi-
wire proportional counter (MWPC) where the energy-loss and time of the recoils are
recorded. Downstream from the MWPC, recoils are implanted into a double-sided
silicon strip detector (DSSD). There are two adjacent DSSDs consisting of 1 mm strips,
each detector forming an active area of (60x40) mm? [Pag03]. Combined, the 60 vertical
strips and the 40 horizontal strips in each detector define a total of 4800 pixels. The
time and energy signals from the DSSD strips are recorded for the recoil-hit events.
Possible subsequent radioactive decays (e.g. « and 3 decays) after a recoil implantation
can also be detected by the DSSDs. The probability of the « particle escaping the DSSD
is estimated in this work to be 50 %, based on the geometry of the implantation. The
implantation depth of the recoils is ~ (1 — 10) pm [Pag03], giving the « particle a high
probability of escape into the upstream direction. The DSSDs used in the experiments
were 300-um thick.

Upstream from the DSSDs are 28 Si PIN-type detectors (PINs) for the detection
of escaping a particles or conversion electrons. The 500-um thick detectors form a
box around the DSSDs as shown in Figure 3.1. Downstream behind the DSSDs is a
double-sided planar-Ge detector for v and X-ray detection. The planar-Ge detector
is segmented with 24 vertical strips facing the DSSDs and 12 horizontal strips on
the rear face of the detector. The segmentation makes it possible to perform ~y~y-
coincidence analysis using only the planar detector. Facing the DSSDs is a 500-um
thick beryllium window of the planar detector, allowing low-energy - rays to pass

through with minimum attenuation. Directly above the DSSDs, outside the vacuum
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FIGURE 3.1: A schematic top-view diagram of recoils entering the GREAT spectrom-
eter downstream from the RITU separator. The recoils leave energy in the MWPC
after which they are implanted into the DSSD. Subsequent decays of the recoils are
detected by the DSSD, PIN, planar and clover detectors, depending on the type of
emitted radiation. The GREAT clover-Ge detector is located outside the vacuum
chamber directly above the DSSDs. See Section 3.4 for a more detailed description.

chamber, is a segmented clover-Ge detector with a BGO-suppression shield, for high-
energy ~-ray detection [Pag03]. Relative positions of the GREAT detectors are shown
in Figure 3.1.

The calibration of the GREAT DSSD strips was first performed using 23°Pu,
24 Am and ?**Cm a-decay sources. Furthermore, the DSSD strips were calibrated off
line using known a-particle energies emitted by the recoils produced in the reactions
used. In the off-line calibration the « decay occurs within the active detector material
and the recoil energy of the daughter nucleus is also accounted for. The planar and
clover-Ge detectors were calibrated using the known 7-ray energies from '3*Ba and
152Eu calibration sources [Fir96]. The calibration of the PIN diodes was performed
by using conversion electrons from an open '33Ba source [Fir96]. The efficiencies of
the Ge detectors and the PIN diodes were based on the results of a Monte-Carlo
simulation [And04], as the available point-like radiation source does not represent the

distribution of the implanted recoils in the DSSD.
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3.5 Data acquisition

Collecting and storing the data from all the channels for every registered event in
the JUROGAM-GREAT setup is a major undertaking. The data acquisition (DAQ)
system would commonly be setup with adjustable time-delay and time-coincidence
condition units. In this way the well-defined flight time of the recoils through RITU
into the DSSDs can be accounted for. Similarly, for the observation of decay events after
the recoil implantation, coincidence-time units would be needed. A common trigger
condition for all the DAQ channels introduces a collective dead time for all the data
channels in the system. The total data readout (TDR) method, used in the present
work, eliminates the need for a common dead-time condition by recording all data from
all individual channels at an accuracy of 10 ns [Laz01]. This accuracy is achieved using
a 100-MHz metronome. What remains are the dead times of the single channel analog-
to-digital converters (ADC). The single-channel data were time ordered on line into a
single data stream, first by collate units and finally by the merge PC. Before writing
the data to storage, a software prefiltering was applied taking a 5-us slice of the data
from all channels preceding any focal-plane event.

For the JUROGAM array an upgrade of the signal-processing chain was carried
out when the JUROGAM II array was built. The analogue signal-processing units
for the energy and time signals were replaced by digital Lyrtech-ADC cards. Each
Lyrtech unit has 16 input channels and the detector preamplifier signals are digitized
by 100-MHz flash ADCs. The preamplifier signal shaping in the Lyrtech ADCs results
in a trapezoidal signal for the amplitude measurement. The flat top of the trapezoidal-
shaped signal is more tolerant, than a Gaussian shape, against the preamplifier signal
rise-time fluctuations. These fluctuations arise due to the large Ge-crystal size [Rad72].
The signal-shaping times used in the Lyrtech ADCs reduce the single-detector dead
time for JUROGAM II on average by 40 %, compared with the semi-Gaussian shaping
used for JUROGAM 1.
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3.6 Recoil-decay tagging method

The coupled system of JUROGAM, RITU and GREAT allows the collection of prompt
target-position events and delayed events” observed at the RITU focal plane. As all
observed focal-plane events are stored together with selected prompt JUROGAM data,
the data can be sorted later by demanding an observation of certain logical chains of
events. In the recoil-decay tagging (RDT) method [Sch86, Sim86] a chain of prompt-
recoil-a events is searched for from the data. The recoil at the focal plane is selected
by its energy loss in the MWPC and the flight time between the MWPC and the DSSD
pixel. An a-decay event is searched for in the same DSSD pixel after the recoil has
been selected. The search-time for an a-decay event was set to be 3 x ¢t 1 where ¢ 1
is the half-life of the state in question. This search-time is defined separately for each
different decay branch that is being searched for. With this condition the probability
of not observing the o decay due to a finite search time is less than 13 %. In addition,
there should not be a simultaneous MWPC event observed, if the recoil is observed to
« decay inside the DSSD. If a correlated pair of recoil-hit and a-decay events is found,
then the prompt v rays, time correlated with the recoil-implantation events, can be
selected from the data. Naturally the logic presented here can also be modified. For
example, it is possible to correlate the recoils with v rays originating from a decay of
an isomeric state and detected by the planar-Ge or clover detector. If the condition of
a correlated recoil-alpha event pair is removed, recoil-gated (RG) prompt v rays can be
selected by the recoil-prompt-v time-coincidence condition. The recoil time-of-flight,
from the target position to the focal plane of RITU, determines the delay between
the prompt ~-ray events and the subsequent recoil-implantation event. For the ™3Pt
and 7Pt experiments time-of-flight values of ~ 0.3 us and 0.4 us were measured,
respectively. Sorting the data for the RG, RDT and decay spectroscopy methods was
performed using the Grain software package [Rah08].

PA delayed event is a detected event delayed with respect to the formation of the recoil at the
target position. The word event includes the observation of both the time and energy of a decay or
implantation event.
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3.7 Decay spectroscopy

In addition to the RDT method, decay spectroscopy was performed for the o decays
of 1"3175Pt, The a-particle energies were determined for @ decays in correlated recoil-
alpha chains. The search-time for an a-decay event was set to 3 x ¢ 1. If the a-particle
energy was known, the time-differences between a recoil-implantation event and an «-
decay event could be measured. Only those a-event candidates that passed the defined
a-particle energy condition, were accepted for the time-difference measurement. The
maximum allowed time between a recoil event and an a-decay event during the half-life
measurement was 80 s. When waiting for a new event it is possible that a random event,
resembling the recoil-implantation event or the decay-of-interest, is observed. These
random coincidences can be seen in the time-difference plots as a second exponentially
decaying component. The event rate in an experiment should be chosen in such a way
that the probability of a random correlation is not too high (see also Section 4.1). The
a-decay half-lives were extracted from two-component fits using the method proposed
by Karl-Heinz Schmidt et al. [Sch84].

Fine-structure « decay® and the possible subsequent decay of an excited state
were also investigated. In addition to the correlated recoil-a pair, a 150-ns time con-
dition was demanded between the observed « decay and the detection of radiation
in either the focal-plane Ge detectors or the PIN-diode detectors. This 150-ns time

condition was applied in software during the off-line analysis.

“The term a-decay fine structure is often used to describe o decay from a single initial state to
different final states of the daughter nucleus.
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Results

4.1 Event-rate considerations for RDT

In this section the average event rates for the reactions of Table 3.1 are considered. For
this discussion an event is defined as any signal® spatially and temporally correlated
in a certain pixel of the DSSDs. If the average event frequency in an RDT experiment
is high, compared with A of the nucleus of interest, the probability of correlating a
recoil-implantation event with the subsequent correct a-decay event is low.

For the reactions employing 8Sr and 3*Kr beams, for the production of 1™3Pt, the
average event rates (favg) per pixel were 0.3 Hz and 0.6 Hz, respectively. On the other
hand, an average event rate defines an average time T' = fa}lg between two consecutive
events in a DSSD pixel. The probability P of observing an a-decay event after the

recoil-implantation within time 7" is

1 —exp (— h;(f) T>

As the half-life of 1Pt is 382(2) ms [Bag08], estimates for the a-decay probabilities
within time 7" can be determined. Probabilities 99.8 % and 95.1 % for the 34Sr and 34Kr

beam parts of the experiment, respectively, are obtained. Only the Sr-beam reaction

P=

% 100%. (4.1)

data were used for the isomeric-state and a-decay measurements. For the prompt y-ray
spectroscopy, data from both reactions were combined for the analysis to maximize the

number of observed v-ray events.

#For example a recoil-implantation event, an a-decay event or a S-decay event.

31
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In the Pt experiment the average event-rate per pixel was 0.5 Hz. This event
rate was chosen for the production of !"Hg (t% ~ 11 ms) [0’D09]. Using the known
175P¢ half-life of 2.53(6) s [Bas04] a value of P = 42 % was obtained, which is not an
optimal value for !"Pt recoil-o correlations. However, the peripheral y strips of the
DSSDs had noticeably lower event rates compared with the y strips in the middle of the
DSSDs. These y strips were selected in software and used for the recoil-a correlations
in the present work. This technique was first reported by Joss et al. for the study of
167,168s [Jos01]. The distribution of events as a function of the y-strip number is shown
in Figure 4.1 together with the excluded region. The average event-rate per pixel, using
only the outer y strips defined in Figure 4.1, was 0.13 Hz, yielding P = 88 %. The
half-lives from the !">Pt experiment data, reported in the present work, were obtained
using only the peripheral y strips for recoil-a correlations. All y strips were used for
the RG and RDT in-beam ~-ray spectroscopy with the JUROGAM I array.

[«107]

2.5

N
o

=
<))

Counts/strip
=

o
3]

% 5 10 15 20 25 30" 35
Horizontal DSSD-strip number

FIGURE 4.1: The histogram represents the distribution of events with respect to the
horizontal y strips of the DSSDs from the 7Pt experiment. The peripheral y strips
outside the hashed-out area, that is marked by the horizontal dot-dash lines, were
used for recoil-a correlations where indicated in the text. The figure is from [Peul4].
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4.2 Previous experimental studies on '"17Pt

Alpha-particle energies of ™3Pt and Pt a decays were reported, for the first time, by
Siivola to be E, = 6.19(2) MeV and 5.95(1) MeV, respectively [Sii66]. Siivola reported
also a half-life of 2.1(2) s for the '™Pt o decay. These E, values were later confirmed
by Gauvin et al. [Gau73], who also reported a value oft% (175Pt) = 2.52(8) s. For 1Pt
Hansen et al. reported the total Pt a-branching ratio B, to be 75(15) % [HanT1].
The total a-branching ratios B, = 84(6) % and B, = 64.5(52) % were reported in 1979
by Hagberg et al. for '™Pt and " Pt, respectively [Hag79]. All these B, values were
obtained from the ratio of the parent (Hg) and daughter (Pt) intensities in a singles
a-particle-energy spectrum [Han71, Hag79].

The Pt half-life was reported first by Della Negra et al. to be 325(20) ms
[Della Negra81]. A year later Enge et al. reported the value t1 = 360(20) ms for
173py [Eng82]. The 173Pt a-decay properties have more recently been reported by Page
et al. [Pag96], Rowe et al. [Row02] and Goon [Goo04a]. Weighted averages of the re-
ported values are: ty = 382(2) ms, B, = 6211(6) keV and B, = 86(4) % [Bag08]. Goon
also reported fine-structure a decays with E, = 6067 keV, 6100 keV and 6133 keVP.
The E, = 6067-keV and 6100-keV a-decay branches were presented to be in coincidence
with subsequent E, = 171.2-keV and 136.2-keV transitions, respectively [Goo04a]. The
observation of excited states in "3Pt was reported for the first time by Joss et al. in
an RDT study [Jos05, Jos06]. The observed yrast states were assigned to be based on
an I™ = (13/2%) band head. The band structure feeding the band head was observed
up to I™ = (41/27) [Jos05, Jos06].

The observation of a-decay fine structure in Pt was reported, for the first
time, by Hagberg et al. [Hag79]. They reported the observation of a-particle energies
of 5831(10) keV (b, = 4.7(10) %), 5964(5) keV (b, = 55(5) %) and 6038(10) keV
(ba = 4.8(8) %). The partial a-decay branching ratios b, were given, normalized
to the decay of the Pt ground state®. The E, = 5964 keV a-decay branch was
observed in coincidence with a 7-ray transition of £, = 76.4(10) keV. Transitions with
E, =134.4(10) keV and 211.8(10) keV were furthermore observed in coincidence with
an a-decay branch of E, = 5831 keV. Reports on a-particle energies and branching

ratios for 1Pt were also published by Keller et al. [Kel86] and Page et al. [Pag96].

PE, = 6133 keV a-decay branch was reported as a tentative assignment [Goo04a].
“The percentages of individual a-decay branches from a state (bg) sum up to the total a-decay
branch (Ba =, by) of the state.
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Excited states in 1Pt were reported, for the first time, by Cederwall et al. [Ced90] in
a yy-coincidence analysis combining a recoil separator and a Ge detector array. Band
structures feeding an I™ = (13/2%) band head were reported up to I™ = (45/2%) by

Cederwall et al..

4.3 18Pt

4.3.1 Decay of an isomeric state

Due to the 413/, unique-parity orbital, isomeric states with 1™ = 13/27 are known to exist
in many even-Z odd-A nuclei close to '"Pt. Scholey et al. reported the observation
of an I™ = (13/2%) isomeric state in 1"'Pt, 670Os and '3W [Sch10]. Furthermore, in
15Hg [0’D09] and in ""Hg [Mel03] an isomeric state with I™ = (13/2T) exists. All
these reported isomeric states have half-lives in the microsecond range.

If a nucleus has an isomeric state, with a half-life comparable to or greater than
the flight time through a separator, the decay of the isomeric state can be observed
at the focal plane of the separator. The time-of-flight through the separator sets the
lower limit on the observable half-life. This lower limit depends also on the intensity
of the transitions depopulating the isomeric state. Observation of + rays or conversion
electrons originating from an approximately 1-us isomeric state in '">Pt was possible,
as the flight time of the '"Pt recoils was measured to be less than 0.5 ys.

A search for v rays following the decay of an isomeric state within Pt was
conducted. In this case, the time window between a y-ray event in the planar-Ge
detector and a recoil-implantation event in a DSSD pixel (At, ) was set to (0—70) pus.
In addition, the recoil-implantation event was demanded to be followed by an ™3Pt
a-decay event of E, = 6200 keV within 1 s (At, ) from the implantation of a recoil.
Two v rays, with energies of 103.5(2) keV and 145.0(2) keV, were observed to follow
the recoil events with a half-life of ¢ 1= 9.0(5) s, as shown in Figure 4.2. These 7 rays
were observed to be coincident within 100 ns in a vy matrix? of the planar-Ge x-strip
events. The time-difference (At, ) data and the result of the single-exponential fit of
Equation (2.13), are shown in the inset of Figure 4.2. The planar-Ge detector ~-ray
events, for the inset of Figure 4.2, were accepted only if the 103.5-keV and 145.0-keV

transitions were observed in coincidence in the planar-Ge detector x strips.

dUnless otherwise stated, when referring to the planar-Ge v coincidences, the 100-ns time-
coincidence condition was always required.
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FIGURE 4.2: The '"™Pt v rays emitted after recoil implantation and detected by
the planar-Ge detector within 70 us of a recoil event. The inset shows the time-
difference At, . spectrum of the detected vy events together with the result of the
single-exponential fit to the data. The time-difference was defined between the time
of the coincident 103.5-keV and 145.0-keV ~ rays and the time of recoil-implantation
event. The time-coincidence condition for the « rays was 100 ns. A randomly corre-
lated 123-keV ~ ray from the '"20s 31-decay chain is marked with a star.

exp

The K-conversion coeflicient (a K ) for both transitions following the decay of

the 9.0-us isomeric state was determined from

aexp _ IX (Koc) + IX (Kﬁ)

4.2
K o (42)

where the intensities Ix (K4 ), Ix (Kp) and I, were corrected for the planar-Ge detector
efficiency at the given energy. This ratio was obtained using the ~+ matrix of y-ray
events detected in the x strips of the planar-Ge detector. When the energy condition
in the vy matrix was set on the 145.0-keV transition, o} (103.5 keV) = 4.6(4) was
obtained. Similarly when the energy condition was set on the 103.5-keV transition
a value of a77" (145.0 keV) = 9.6(8) was obtained. These aj* values are compared

with the theoretical ax values obtained from the Brlcc v2.3S conversion-coefficient
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TABLE 4.1: The calculated [Kib08] ay values for different electric and magnetic
multipolarities for the 103.5-keV and 145.0-keV transitions in '">Pt. These values are
compared to the a%;"” values obtained from the experiment. The last column gives the

deduced assignment for the transition type.

a%?lc deduced
E, (keV) a? E1 M1 E2 M2 E3 M3 ol
103.5 4.6(4) 0.301 4.97 0.684 34.4 1.14 98.8 M1
145.0 9.6(8) 0.129 1.90 0.368 10.5 0.930 35.7 M2

calculator [Kib08] in Table 4.1. Based on this comparison the 103.5-keV and the 145.0-
keV transitions were assigned an M1 and an M2 character, respectively.
The single-particle estimates of transition probabilities T' (see Section 2.6) for

M1-type and M2-type y-ray transitions are [Kra88, p.332]

1
T(M1)=56x 10" x E? -,
S

. ) (4.3)

T(M2) =35 x 10" x A3 x ES —,
S

where the transition energies F, are given in units of MeV and A is the mass number.
Taking into account the corresponding total-conversion coefficients « [Kib08], estimates

for the total half-lives are obtained as

In2 In2

£, (M1;103.5 keV) = - ~ 1.6

L (ML V)= T x A+ a)] [T x (15 6.00)] b 44
In2 In 2 '

£, (M2;145.0 keV) = 2 - - ~ 0.6 ps.

[T(M2) x (1+a)]  [T(M2)x (1+ 14.73)]

N

It is unlikely that a 103.5-keV M 1-type transition could be so strongly hindered com-
pared with the Weisskopf estimate, that it would de-excite the t 1= 9.0-us state. There-
fore the 145.0-keV M2 transition is assigned to de-excite the isomeric state. Based on
the o decay of 1Pt (see Section 4.3.2), the ground state of 7Pt is assigned to have
I™ = (7/27). As the isomeric state feeds the ground state via the coincident M1 and
M2 transitions, the isomeric state is assigned to have I™ = (13/2%). Hence, in 7P,
a (9/27) state is fed by the observed M2 transition, and the 103.5-keV transition is

assigned to de-excite the I™ = (9/27) state.
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4.3.2 Alpha decay

Based on the known a-decay half-life of 382(2) ms of the 1Pt ground state [Bag08],
the time-coincidence condition between the recoil-implantation events and the a-decay
events was set to At o, < 1.0s. The resulting total a-particle energy spectrum is shown
in Figure 4.3(a), revealing many different a-decaying nuclei produced in the experiment.
A good selectivity for the ™3Pt a-decay events was obtained by demanding the recoil
events to be followed by the decay of the 9.0-us isomeric state. Gamma rays originating
from the decay of the isomeric state were observed by the planar-Ge detector within
a 30-us search time. Figure 4.3(b) displays the a-particle energies observed for these
recoil-y-a chains. A large reduction of the observed a-decaying nuclei is achieved.
When v rays subsequent to these a decays were searched for in the planar-Ge detector,
the (Eq, Ey)-matrix of Figure 4.3(c) was obtained. The a-v time-coincidence condition
was 150 ns for events shown in Figure 4.3(c). Three ~-ray energies at 35.0 keV, 135.7
keV and 170.8 keV are observed together with Os X rays. The 35.0-keV transition was

6 200
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> | 150 ]
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10! : . . 0 : : : ’
5000 5500 6000 6500 7000 5200 5600 6000 6400 6300
a-particle energy (keV) a-particle energy (keV)

FIGURE 4.3: Total a-particle energy spectrum (a) obtained from the 92M0(84Sr,x)
reaction with At,, < 1.0 s. In (b) only recoil-implantation events, followed by the
103.5-keV or the 145.0-keV transition in the planar-Ge detector within At, , = 30 us,
are accepted. Alpha-decay events of (b) are furthermore seen to be in coincidence
with v rays detected by the planar-Ge detector (¢) within a 150-ns time condition.
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FIGURE 4.4: The Os v rays and X rays observed with the planar-Ge detector following

173Pt a-decay events. The a-particle energy conditions were set on the 6201 keV and

6063 keV peaks for Figures (a) and (b), respectively. A time condition of 150 ns was

demanded between the DSSD a-decay events and the ~-ray events detected by the

planar-Ge detector. The Os K-X rays in (a) are in coincidence with the E, = 6201-keV

transition due to summing of the internal-conversion electron energies of the 35.0-keV
and 135.7-keV transitions to the a-particle energy (see Figure 4.3(c)).

seen in coincidence with the E, = 6201(8)-keV a-decay branch (Figure 4.4(a)). All
three y-ray transitions are observed to be in coincidence with the E, = 6063(8)-keV
a-decay branch (Figure 4.4(b)).

A v matrix of the planar x-strip events, following the ™3Pt a decays, showed
the 35.0(2)-keV and 135.7(2)-keV transitions to be in coincidence with each other.
The sum of these energies (170.7(3) keV) is the same, within errors, as the energy
of the 170.8(2)-keV transition. Hence, the two transitions were assumed to follow a

decay path parallel to the 170.8-keV transition. An internal conversion coefficient of
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a7 P(135.7 keV) = 1.9(6) was obtained by setting the energy condition on the 35.0-
keV transition in the 77y matrix. This value compares well with the calculated value
ar(M1) =1.951 [Kib08§].

The decay energy of the 35.0-keV transition is well below the Os K-electron
binding energy of 73.9 keV, which forbids the decay to proceed via internal K conver-
sion. In addition, the Os L-X rays have energies of ~ 10 keV, which was below the
energy threshold of the planar-Ge detector. Thus, it was not possible to obtain an a7
value for the 35.0-keV transition. However, oy values are 1.32 and 21.2 for 35.0-keV
E1- and M 1-type transitions, respectively [Kib08]. The a-particle energies observed
in this experiment were always ~ 20 keV above E, = 6201 keV, if the 35.0-keV ~
ray was not in coincidence with the a-decay events. If the 35.0-keV transition would
have a aior ~ 1, there should have been two a-particle energies detected for ™3Pt
(Figure 4.3(b)). This is due to conversion-electron energy summing to the a-particle
energy inside the DSSD [Kel86]. The summing of conversion electrons to the observed
a-particle energies is seen in Figure 4.3(c). The 135.7-keV ~ ray should be in coin-
cidence with the same FE, as the 170.8-keV transition. Instead, the observed FE, is
shifted up in energy as the conversion-electron energy, originating from the 35.0-keV
state decay, sums up with E,. Hence, the 35.0-keV transition was assumed to be of
M1 type.

With the 135.7-keV transition assumed to have M1 character, an estimate for
the a;”(170.8 keV) = 0.1(2) was obtained, based on the y-ray energy spectrum shown
in Figure 4.4(b). Taking into account the Os K-X rays emitted after the internal K
conversion of the 135.7-keV transition, an estimate for the K-X ray intensity from
the K conversion of the 170.8-keV transition was obtained. The Brlcc values in best
agreement with this estimate are ax(F1) = 0.081 and ax(F2) = 0.254. An E2
character was assigned for the 170.8-keV transition as it does not require a change in
parity between the initial and final states. This is supported also by the parallel M1
transitions.

The results of Pt a-decay spectroscopy are presented in Table 4.2 and in
Figure 4.5. The a-decay half-life was obtained from a two-component fit to the data
plotted according to the K.-H. Schmidt method [Sch84]. Separate fits were carried
out for each of the '™Pt a-particle energy and '%°Os -ray combinations, resulting in
the half-lives given in Table 4.2. The weighted average of these individual half-lives is
366(7) ms, in agreement with the previously reported values [Bag08]. The result of the
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TABLE 4.2: Decay spectroscopy data from the 2Mo (84Sr, 2pn) reaction. For the '"3Pt
ground-state half-life the weighted-average value of the fitted half-lives is 366(7) ms.
The half-lives were fitted to the recoil-a time-difference spectra where the a-decay
event was demanded to be followed by a y-ray event within 150 ns. The v-ray energy
conditions used are given in the table (see also Figure 4.5). The reduced widths 62 and
the hindrance factors F' were obtained using Equations (2.23) and (2.25), respectively.
The 63, = % (6 4 63) = 108(10) keV was obtained from the 62 values for the nearest
even-even neighbours 172174Pt,

Nucleus E, t1 ba 6 F I7 E, ay’
(keV) (s) (%) (keV) (keV)

TPt 6063(8)  0.36(2)*  2.0(2) 10.1(9)  11(2)  (927) 170.8(2)  0.1(2)

173y 0.36(2)P 135.7(2)  1.9(6)

T3pg 6201(8)  0.368(7)°  81(8)  65(5)  17(2) (727)  35.0(2)

“E, = 170.8 keV in coincidence with F, = 6063 keV required.
bEW = 135.7 keV in coincidence with E, = 6063 keV required.
‘Ey = 35.0 keV in coincidence with E, = 6201 keV required.

("/27) 3Pt 366(7) ms

135.7(2)
170.8(2)

(°27)

170.8(2)

N

E,=6063(8) keV [2.0(2)%]

35.0(2)

(727)
) |

35.0(2)

N

E,=6201(8) keV [81(8)%]

1 g.s.
1690S

FIGURE 4.5: The !"3Pt a-particle energies are presented together with the transitions
depopulating the excited states in 1°Os. The values in brackets following E,, indicate
the a-decay branching ratios b,. In this work the total a-decay branch B, of the !73Pt
ground-state was measured to be 83(7) %. The total angular momenta and parities of
the states are based on the systematics of the Os and Pt isotopes, a-decay hindrance

factors and the deduced v-ray transition types from the a%" values.
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FIGURE 4.6: The plot of time-differences between the recoil-implantation event and

the 6201-keV 7Pt a-decay event. Additionally a 35.0-keV ~-ray event in the planar-

Ge detector, within 150 ns after the a-decay event, was demanded. The time dif-

ferences on the x axis are plotted taking the natural logarithm of the observed time

difference At,. ., (in ms units) [Sch84]. The result of the two-component fit to the data
is shown by the solid line.

fit to the time-difference data, where E, = 6201 keV and E, = 35.0 keV were required,
is shown in Figure 4.6. The total a-decay branch of '"3Pt, B, = 83(7) %, was obtained
from the comparison of the intensities of the recoil-gated and a-tagged 103.5-keV and
145.0-keV transitions detected by the planar-Ge detector. This value is in agreement
with the values reported earlier [Bag08]. The partial a-decay branching ratios from
the present work are b, (6063 keV) = 2.0(2) % and b,(6201 keV) = 81(8) %. These by,
values are based on the total intensities of transitions in %°Os that follow the 7Pt
E, = 6063 keV or 6201 keV a-decay events. A ground-state to ground-state a-decay

branch was not observed for 173Pt.

4.3.3 Prompt ~-ray spectroscopy

The level scheme for '"Pt from this work is shown in Figure 4.7. Measured 7-ray
energies and intensities together with the level energies are given in Table 4.3. Temporal
correlations between the v rays were established using an RDT-v+ matrix. The ~vy
matrix consisted of 4.9 x 10% events. Additionally, it was possible to confirm the

coincidences, between the observed 7 rays in bands 1 and 2, using an RDT-yy~y cube
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FIGURE 4.7: The proposed level scheme for 7Pt. The width of the arrows shows
the relative intensity of the transitions. The transition energies (normal font) and
level energies (italics) are given in units of keV. The I™ assignments are based on the
measured intensities, as well as a-decay and ground-state properties of 17"Hg, 7Pt
and '%°Os. For the states with only I values in brackets the transition-multipolarity
estimate is based on systematics in this region of nuclei. The unobserved (83)-keV
transition is drawn only to highlight the observed coincidence between the 1304.4-keV
and 145.7-keV transitions.

with 5.9 x 10% events®. A 100-ns time-coincidence condition was demanded for the
~y-ray events in the yvy matrix and the vy~ cube.

With only three @ angles in JUROGAM II available in this experiment!, it was not
possible to measure angular distributions for the y-ray transitions in '"*Pt. However,
for 173Pt, angular-distribution-intensity ratios R were given by Joss et al. also for
some transitions which were not placed in the published level scheme [Jos06, Table

III]. Based on the similar energies and intensities measured in the present work, and

°The RDT cube was created with the Pt a-particle-energy condition including also escape-a
events (Eq =~ 1 — 2 MeV). Hence the vy cube has more events than the vy matrix.

fThe JUROGAM II clovers form two rings, fc1 = 104.5° and fc2 = 75.5°, which are symmetric
about 0 = 90° after the add-back of the scattered events is performed.
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TABLE 4.3: Gamma-ray transition energies, intensities and level energies
for 173Pt obtained in this work. Assignments for I™ are given based on
angular-distribution measurements of Joss et al. [Jos06], for the marked
transitions, and systematics in this region of nuclei. The transition intensities

are normalized to the (1—27+) — (1—23+) 400.0-keV transition.

Ery (keV) Elevel (keV) I,y Izr I}r
104.0(4) 104.0(4) 4.2(4) (9/27) (7/27)
145.7(4) 2180(1) 2.8(2) (23/2) (21/2)
149.5(4) 2034.8(9) 2.3(2) (21/2) (19/2)
188.4(4) 2602(2) 2.8(3) (27/2) (25/2)
233.5(4) 2414(2) 6.1(3) (25/2) (23/2)
286.8(4) 2889(2) 3.6(3) (29/2) (27/2)
310.8(4) 2767(1) 3.8(4) (31/2) (27/2)
400.0(4)° 648.5(5) 100(6) (17/2%) (13/2™)
404.9(5) 3172(2) 2.0(4) (35/2) (31/2)
455.3(4) 5(1)

466.1(4)* 2656(1) 10(1) (27/2) (23/2)
494.2(4)¢ 598.2(6) 21(2) (13/27) (9/27)
503.2(4) 8(1)

511.1(4) 2935(1) 5.3(4) (29/27) (25/27)
527.7(4) 3463(2) 3(1) (33/27) (29/27)
530.3(4)"¢ 2423.8(9) 9(1) (25/27) (21/27)
530.4(4)° 2456.3(9) 9.7(4) (27/2) (23/2)
545.1(5) 2506(2) 2.3(3) (27/2) (23/2)
571.6(4)° 1220.1(7) 77(5) (21/2%) (17/2%)
593.3(5) 1961.4(8) 3.9(6) (23/2) (19/2)
598.6(4) 2431.8(9) 26.1(9) (29/2™) (25/27)
604.0(4) 3036(1) 13.7(7) (33/2T) (29/21)
613.1(4)° 1833.1(8) 41.6(9) (25/21) (21/21)
632.1(4)° 3668(2) 6.6(3) (37/2%) (33/2T)
633.7(4) 1231.9(7) 14(1) (17/27) (13/27)
660.9(4) 4329(2) 3.8(4) (41/2%) (37/21)
661.6(4) 1893.5(8) 9.2(4) (21/27) (17/27)
685.8(6) 5014(2) 1.8(3) (45/27%) (41/2%)
705.8(4) 1925.9(8) 4.5(5) (23/2) (21/2™)
719.5(4) 1368.0(7) 7.0(6) (19/2) (17/2%)
742.1(5) 1962.2(8) 2.7(5) (23/2) (21/21)
837.0(6) 4(1)

853.9(5) 2.0(3)

959.5(6) 2179.6(9) 3.5(7) (23/2) (21/21)
969.5(6) 2189.6(9) 3.7(6) (23/2) (21/2%)
1037.6(4) 4.8(7)

1236.7(6) 1885.2(8) 5.3(7) (19/2) (17/2%)
1304.4(7) 1952.9(9) 3.6(6) (19/2) (17/2%)

“Non-coincident doublets, only one of which is placed in the level scheme.
¥Self-coincident doublet.
°Angular distribution measurement by Joss et al. [Jos06].
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on the published R-ratio values of Joss et al., these transitions in bands 1 and 2 were
assigned to be of E2 character. For other transitions in bands 1 and 2 the transition-
type assumption is based on the systematics in this region of nuclei. For all other
transitions in Figure 4.7 either dipole or quadrupole character was assumed. The I™
assignments for the (7/27), (9/27) and (13/27) states are based on the observed a-decay
and the 9.0-us isomeric-state decay properties of 1"3Pt.

The total y-ray energy spectra of ™3Pt are shown in Figures 4.8(a) and 4.8(b).
The energy spectrum of Figure 4.8(a) was obtained from an RDT analysis, where the
recoil-implantation events were followed by 3Pt a-decay events with E, = 6201 keV.
In Figure 4.8(b) the recoils are tagged with the v rays emitted after the decay of the
(13/21) isomeric state. The 103.5-keV or 145.0-keV transitions emitted after the decay
of the isomeric state were observed by the planar-Ge detector within 30 us from the
recoil events. The time-difference condition between the recoil and a-decay events was
0 < At, o < 1.0 s for both figures. The most notable difference between these figures
is the reduction of the observed ~-ray transition intensity at certain ~-ray energies
in Figure 4.8(b) compared with Figure 4.8(a). The positions of the vy-ray energies
whose intensity has decreased the most are marked by arrows in Figure 4.8(b). These
transitions belong to a negative-parity band, which feeds the ground state of 73Pt.
They are not observed in Figure 4.8(b), which indicates that the feeding from this
negative-parity band to the positive-parity band is weak.

In Figure 4.9(a) «y rays from the v+ matrix in temporal coincidence with the 400.0-
keV transition of band 1 are shown. When the y-ray energy condition is placed on the
604.0-keV transition in band 1, coincidences with only the members of band 1 are seen
in Figure 4.9(b). The results obtained in the present work agree with assignments of
Joss et al. [Jos06] for the positive-parity band in '"Pt. Joss et al. assigned the observed
prompt band structure to a I™ = (13/2%) band head. The results from the delayed -
ray spectroscopy, in the present work confirm the previously made assignments. The
positive parity band is extended up to I™ = (45/2%) from I™ = (41/27).

In Figure 4.9(c) the vy-ray energies of the transitions in band 2 are shown in
coincidence with the 494.2-keV transition. Observation of the 494.2-keV transition
was already reported by Joss et al.. Also the 633.7-keV, 661.6-keV and 530.3-keV
transitions were reported, as the transitions in the positive-parity band with similar

energies were marked as doublets. However, these transitions were not placed in the
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FIGURE 4.8: (a) Prompt 7 rays in coincidence with recoil-implantation events tagged
with the ™3Pt E, = 6201-keV « decays. In (b), the recoil events are accepted only if
they are followed by a decay of the 9.0-us (13/27) state. The decays from the isomeric
state (103.5-keV or 145.0-keV transitions) were observed in the planar-Ge detector
within 30 ps from the recoils. Transition energies written in square brackets in (a) are
observed in coincidence with '"Pt « rays, but it was not possible to place them in the
level scheme. The positions of transitions in band 2, which were not in coincidence
with the decay of the isomeric state, are highlighted with arrows in (b). The time-
coincidence condition between the recoil-implantation and a-decay events was set to
0 < At o <1s, for (a) and (b).
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level scheme of 173Pt [Jos06]. In Figure 4.9(c) coincidences are also seen with a 233.5-
keV and an 853.9-keV transition. These transitions were observed in coincidence only
with the 494.2-keV transition. It is possible that there is another transition in ™3Pt
with an energy similar to the 494.2-keV transition. The strongest transitions in '"Pt
(400.0-keV and 571.6-keV) are seen to be coincident with the 494.2-keV transition in
Figure 4.9(c) due to coincidences with Compton-scattering events.

Bands B and C (see Figure 4.7) resemble structures observed in '7'Os, where
similar structures were tentatively assigned to 8 and - vibrations coupled to an 713,
neutron [Bar99a, Fig. 1. Bands 9-10]. The I = (23/2) state at 1368 keV (band A)
could be the band head of the negative-signature structure of a viis;, band [Bar99a,
Fig. 1. Band 8]. Band D is similar to the dipole bands observed in "'Ir [Bar99b].
Bark et al. suggested that these bands in '"'Ir are created by the tilted-axis cranking
of a mhiy, X m'%g/z configuration. Band D in '™Pt, could be based on a neutron 3-
quasiparticle configuration, involving a pair of aligned 413, neutrons. More information
on these weak structures, and the high-energy transitions in '™®Pt feeding band 1, is

needed before specific assignments can be made.

4.4 1Pt

4.4.1 Alpha decay

The total energy spectrum of o particles emitted by recoils produced in the 92Mo (8681", x)
reaction is shown in Figure 4.10(a). It was not possible to select the "> Pt recoil events
using the decay of an isomeric state (as performed for '™3Pt). Also, the known a-
particle energy of 6038(4) keV for ™Pt [Bag02] overlaps with E, = 6038(10) keV of
175pt reported by Hagberg et al.[Hag79]. However, it was possible to use the prompt
328.6-keV, 423.2-keV and 436.4-keV 7Pt ~ rays observed by the JUROGAM I-Ge
detectors to tag the 7Pt recoils. Figure 4.10(b) shows the a-particle energy spec-
trum observed, when the recoils have been selected using the aforementioned prompt

f 172,173,174,176pt and 175 Au a-particle peaks

~ rays. A clear reduction in the intensity o
is achieved. An a-particle energy of 6021(4) keV was obtained for the ground-state
to ground-state a-decay of '™Pt. The half-life for this decay was determined to be
2.39(6) s. These values were obtained by tagging the recoils with the above mentioned

three ~ rays.
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FIGURE 4.10: (a) Alpha-particle energies emitted by the recoils produced in the

reaction 92M0(86Sr, :L‘) Time-difference condition set to 0 < At, o, < 7.5 s. (b) The

recoil-implantation events in the correlated recoil-a chains are demanded to be in

coincidence with the prompt 328.6-keV, 423.2-keV or 436.4-keV ~ rays observed at

the target position. The dashed line marks the position of E, = 6038-keV a-decay

branch of 1™Pt [Bag02]. Only the peripheral y strips of the DSSDs were used to look
for recoil-av correlations. The figure is from [Peul4].

Demanding an observation of v rays by the planar-Ge detector after an a-decay
event, highlighted a decays leading to excited states in the daughter nuclei. Fig-
ure 4.11(a) shows ~ rays in "*Os in coincidence with the E,, = 5814-keV and 5819-keV
a-decay branches of ™Pt. In Figure 4.11(b) the a-particle energy condition was set to
E, = 5948 keV. The search time between the recoil-implantation and a-decay events
was set to 7.5 s, to obtain the events presented in Figures 4.11(a)-(b). A strong 161.6-
keV transition, shown in Figure 4.11(a), is correlated with an « decay of E, = 5817(4)
keV and with a a-decay half-life of 1.81(4) s. These values are in agreement with the

values published for '"Ir [Bag10], which was produced via the 3p evaporation channel.
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FIGURE 4.11: Gamma rays from '"'Os observed by the planar-Ge detector within
150 ns after ">Pt a-decay events. In (a), the a-particle energy condition was set on
the decay branch corresponding to F, = 5814/5819 keV, whereas in (b) the a-particle
energy condition was set to E, = 5948 keV (see Figure 4.13). All the y strips of the
DSSD were used for the a-particle detection. The figure is from [Peul4].

The 91.7-keV transition shown in Figure 4.11(b) is correlated with E, = 5919(4) keV.
The half-life determined for this a decay is 1.14(5) s. These values agree with the
published values of "'Ir [Bag00].

The observed 76.7-keV, 134.1-keV and 211.2-keV transition energies shown in
Figure 4.11(a) are in accord with the values reported by Hagberg et al. [Hag79]. In
the present, work the 76.7-keV transition was observed to be in coincidence with the
favoured F, = 5948-keV decay branch and with the E, = 5814 and 5819-keV decay

branches of '">Pt. Hagberg et al. reported the 76.7-keV transition to be in coincidence
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only with the favoured decay branch. Observation of the E, = 130.8-keV and 207.9-
keV transitions, in coincidence with a-decay events, was not reported by Hagberg et
al.. However, in an in-beam study of 1"'Os, Bark et al. observed v-ray transitions of
131.1 keV and 208.0 keV [Bar90]. These transitions were assigned to originate from
the I™ = (9/27) state in the 5/2~ [523] ground-state band of 171 Os. In the present work
the (9/27) state in 171Os was observed to be fed in a decay, revealing a newly observed
a-decay branch.

A matrix of the y-ray events following '"Pt a-decay events in the DSSD was
created. The v rays were observed by the planar Ge-detector x strips and the vy
time-difference condition was set to 90 ns. The a-particle energy condition was set
to E, = 5814 keV. All y strips of the DSSDs were used for the recoil-a. correlations
when creating the v+ matrix. The short 150-ns time condition, together with the a-
particle energy condition, makes the observation of y-ray events from random a-decay
events unlikely. Thus a possible false correlation of a recoil-implantation event with the
175Pt a-decay events is not significant for the creation of this 4y matrix. The matrix
shows the 130.8-keV and 134.1-keV transitions to be in coincidence with the 76.7-keV
transition. The total projection of the vy matrix is shown in Figure 4.12(a). Placing an
energy condition on the 76.7-keV transition reveals a coincidence with the 130.8-keV
and 134.1-keV transitions (Figure 4.12(b)). An a}” value of 11.6(9) was obtained for
the 76.7-keV transition (see Equation 4.2). This value is a weighted average of the
deduced ag values, when the energy condition was placed separately on the 130.8-keV
and 134.1-keV transitions in the matrix. By comparing this result to the theoretical
ax(M1) value of 9.85 [Kib08], the 76.7-keV transition was assigned to have an M1
character. For the 130.8-keV and 134.1-keV transitions, only single ax value could be
obtained from the 7 analysis, as both transitions are in coincidence with the 76.7-
keV transition (see Figure 4.12(b)). An ay* value of 2.1(2) was obtained defining
I, = I(130.8) keV + I(134.1) keV in Equation 4.2. Based on the comparison of the
experimental and theoretical values in Table 4.4, both transitions are assigned to have
an M1 character. It was not possible to determine the o} values for the 207.9-keV
and 211.2-keV transitions. These two transitions could not be tagged with coincident
rays, to produce an energy spectrum, free of X rays originating from other transitions
observed in coincidence with the a-decay events.

The results of ”Pt decay spectroscopy are presented in Figure 4.13 and in Ta-
ble 4.5. The fitted a-decay half-lives for ">Pt, given in Table 4.5, agree with the 1Pt
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FIGURE 4.12: (a) A total projection of a 7y matrix of the "'Os v rays detected

by the planar Ge-detector x strips, following the 7Pt a-decay events observed with
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DSSD y strips were used for the a-particle detection. The time-difference condition

between an a-decay event and a v-ray event was 150 ns. Between ~-ray events the
time condition was 90 ns. The figure is from [Peul4].
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TABLE 4.4: The calculated ax values from Brlcc v2.3S [Kib08]. The values are given

for different sums, from combinations of electric and magnetic multipolarities for the

130.8-keV and 134.1-keV transitions in !"'Os. The calculated values are compared

with the a%” value. The experimental value is from the energy spectrum of Fig-

ure 4.12(b) where both transitions and the Os X rays from the internal conversion

of these transitions are present. The notation for the Brlcc values in the Table is
ak (ol; 130.8 keV) + ag (o'l’; 134.1 keV).

Ui

P aK(M1)+aK(M1) O[K(EQ)—FOzK(Ml) aK(M1)+aK(E2) aK(E2)+aK(E2)

2.1(2) 2.04(4) 1.74(3) 0.76(3) 0.46(1)

(7/27) 1Pt 2.38(4) s

(27),(%27) 3 B8 911905 E,=5814(4) keV [4.0(9)%]
<9/2_> . 207_9(5) N Ea:5819(4) keV [07(2)%]
7y S
R 6.7(5) E.=5948(4) keV [55(5)%]
(527) L Ll ogs E,=6021(4) keV [4.8(8)%]
17IOS

FIGURE 4.13: The 5Pt a-particle energies are presented together with the transi-
tions depopulating the excited states in 17'Os. The values in brackets following E,
indicate the a-decay branching ratios b,. The "Pt a-decay branching ratios were
taken from the work by Hagberg et al. [Hag79]; see Table 4.5. The total angular
momenta and parities of the states are based on the systematics of the Os and Pt
isotopes, a-decay hindrance factors and the deduced v-ray transition types from the
exp
o values.

ground-state half-life of 2.53 s [Bas04]. Similarly to 1"3Pt (see Figure 4.6), the a-decay
half-lives were obtained from a two-component fit [Sch84] to the data (see Table 4.5 for

details). The a-decay branching ratios for "> Pt were taken from the work of Hagberg

et al. [Hag79]. These branching ratios could not be extracted from the current data

set, due to uncertainties caused by the conversion-electron summing to the observed
a-particle energies. The b, values for the F, = 5814-keV and E, = 5819-keV decay
branches were obtained taking b, = 4.7 % [Hag79] as the sum of these two decay-branch

intensities. Assuming an M1 character for the 130.8-keV and 134.1-keV transitions,
ba (5814 keV) = 4.0(9) % and b, (5819 keV) = 0.7(2) % were obtained.



Chapter 4. Results 53
TABLE 4.5: Decay spectroscopy data from the 92Mo(%Sr, x) reaction. Only the low
event rate y strips of the DSSDs were used; see Figure 4.1. For the 7Pt ground state
half-life a weighted-average value of the fitted half-lives is 2.38(4) s. The half-lives were
fitted to the recoil-« time-difference spectra where the a-decay event was followed by a
~-ray event within 150 ns. The v-ray energy conditions used are given in the table (see
also Figure 4.13). The reduced widths 62 and the hindrance factors F were obtained
using Equations (2.23) and (2.25), respectively. The 63, = 3 (67 + 03) = 109(12) keV

was obtained from the §2 values for the nearest even-even neighbours 174 176Pt.
Nucleus E, t ba 52 F I7 E, ay?
(keV) (s) (%) (keV) (keV)
17pt 6038(4)*  0.93(3)
My 5919(4) 1.14(5)P 91.7(4)
72Ty 5817(4) 1.81(4)° 161.6(4)
175pt  5814(4)  2.6(3)4 4.0(9)" 17(4),31(7) 6(2),3.5(8) (7/27),(9/27) 211.2(5)
2.34(8)¢ 134.1(4) 2.1(2)!
76.7(3) 11.6(9)
5819(4) 0.7(2)" 6(2) 20(6) (9/27) 207.9(5)
130.8(4) 2.1(2)!
76.7(3) 11.6(9)
175pt 5948(4) 2.39(5)f  55(5)) 66(7) 1.7(2) (7/27) 76.7(3)
175pt  6021(4) 2.39(6)8 4.8(8) 5.1(9) 21(4) (5/27)

“Used for calibration.

bE,Y = 91.7 keV in coincidence with E, = 5919 keV required.
161.6 keV in coincidence with F, = 5817 keV required.
207.9 keV, 211.2 keV in coincidence with E,

! EW = 76.7 keV in coincidence with F, = 5948 keV is demanded.

= 5814 keV, 5819 keV required.
130.8 keV, 134.1 keV in coincidence with F, = 5814 keV, 5189 keV required.

9The prompt E, = 328.6 keV in delayed coincidence with E, = 6021 keV required.
"bo = 4.7 % [Hag79) is divided by the total intensity ratio of the 130.8-keV and 134.1-keV transitions.
“This is the deduced value for both, the 130.8 keV and 134.1 keV, transitions together.
IThe value is from Ref. [Hag79].

4.4.2 Prompt ~-ray spectroscopy

Transition energies, level energies, initial and final angular momenta and parity for

175Pt, from the present work, are listed in Table 4.6. The measured angular distribu-

tions and intensity ratios are given in Table 4.7. The proposed level scheme for '"™Pt

is shown in Figure 4.14. The coincidence analysis for the in-beam ~v-ray transitions

was performed using an RDT-yy matrix and an RG-y+y~ cube.

For both, all DSSD

y strips were used for the RG and RDT methods. Total number of events of 5 x 106
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TABLE 4.6: Gamma-ray transition energies and intensities, level energies
and I™ assignments for !"Pt obtained in this work. The intensities of the
transitions are normalized to the (1—27+) — (13+) 328.6-keV transition.

E, (keV) Fiover (keV) I, Ir I7
122.6(7) 546(2) 0.3(2) (13/27) (11/27)
130.9(6) 130.9(6) 8.2(5) (9/27) (7/27)
138.6(6) X +138.6(6) 2.4(4) (11/2™) (13/2%)
244.1(4) X+382.7(8) 8.7(5) (15/21) (11/2™)
257.1(8) 802(2) 3.5(5) (15/27) (13/27)
291.8(6) 422.7(9) 8(1) (11/27) (9/27)
328.6(4) X +328.6(4) 100(2) (17/2) (13/2%)
362.5(5) X+745.2(9) 24.1(8) (19/21) (15/27)
380.3(4) 803.5(6) 21(2) (15/27) (11/27)
382.2(4) X+382.2(4) 24(4) (15/21) (13/2%)
388.5(4) 1191.9(7) 16.1(8) (19/27) (15/27)
407.8(4) X+1173.1(7) 5.8(4) (23/21) (21/2™)
414.3(5) 545.1(8) 35(2) (13/27) (9/27)
415.8(4) X+744.6(6) 9.0(5) (19/27%) (17/2%)
421.7(4) 1391(1) 22(3) (21/27) (17/27)
423.2(4) 423.2(4) 12(2) (11/27) (7/27)
424.3(4) 969.4(9) 28(3) (17/27) (13/27)
428.6(4) X+1174(1) 17.0(9) (23/2™) (19/2%)
431.4(8) X+1663(1) 5(2) (27/2%) (25/2%)
436.4(4) X+765.3(6) 63(2) (21/2%) (17/2%)
437.3(5) 1629.2(9) 14(2) (23/27) (19/27)
462.3(5) 1853(1) 21(2) (25/27) (21/27)
466.4(4) X4+1231.7(7) 44(2) (25/21) (21/2%)
487.4(6) 2117(1) 9(2) (27/27) (23/27)
490.7(4) X+1664(1) 11.2(5) (27/21) (23/21)
502.6(5) 2356(2) 15(2) (29/27) (25/27)
506.6(4) X +1738.3(8) 30.8(9) (29/21) (25/2%)
530.1(6) 2647(2) 6(2) (31/27) (27/27)
533.0(7) 2889(2) 10(3) (33/27) (29/27)
549.1(5) X +2214(2) 7.1(8) (31/21) (27/2%)
554.1(7) 3201(2) 4(2) (35/27) (31/27)
554.6(4) X +2292.9(9) 19.6(8) (33/21) (29/21)
556.1(7) 3445(2) 7(2) (37/27) (33/27)
587.0(7) 3788(2) 3.6(7) (39/27) (35/27)
587.3(8) 4032(2) 4.4(9) (41/27) (37/27)
603.1(4) X +2896(1) 14.3(5) (37/2%) (33/2™)
604.4(5) X+2818(2) 4.2(6) (35/2%) (31/2%)

609(1) 4642(2) 2.5(7) (45/27) (41/27)
618.6(8) 4406(2) 2.6(5) (43/27) (39/27)
646.2(6) X +3542(2) 4.2(4) (41/2™) (37/2%)
658.8(5) X+3477(2) 1.3(3) (39/2%) (35/2™)
685.5(6) X+4228(2) 1.8(3) (45/21) (41/2%)
701.6(9) X4+4178(2) 0.6(1) (43/21) (39/2™)
720.1(7) X +4948(2) 0.8(2) (49/2™) (45/2™)

734(2) X +4912(2) 0.4(1) (47/2™) (43/27)
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FIGURE 4.14: The proposed level scheme for 1"®Pt. The width of the arrows show
the relative intensity of the transitions. The arrow width consists of the measured
v-ray (black) intensity and of calculated internal-conversion (white) intensity. The
transition energies (normal font) and level energies (italics) are given in units of keV.
The I™ assignments are based on the measured vy and 77y coincidences, intensities
and angular distributions for prompt ~ rays. Furthermore information on a-decay and
ground-state properties of 1"Hg, 1Pt and '"'Os are considered for the assignment
of the I™ = (7/27) for the !™Pt ground state. The figure is from [Peul4].
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TABLE 4.7: Angular distribution coefficients As/Ag, A4/Ag, intensity ratios

Rj1 and the deduced angular momentum [, carried away by the photon for

prompt ~-ray transitions in '"?Pt. The anisotropy ratio Rj; was calculated

according to Equation 3.3. The results for the A4/Ag coefficients were in-

conclusive, and they are only included in the Table to show the complete
results of the fits.

EA, (keV AQ/AO A4/A0 RJl l,\, (ﬁ)
130.9(6)* -0.15(8) 0.0(2) 0.82(6) 1
138.6(6)* 1.3(2) 2
244.1(4)* 0.09(2) -0.05(4) 1.16(8) 2
291.8(6)* -0.13(8) 0.1(2) 0.92(8) 1
328.6(4)* 0.21(1) -0.05(2) 1.31(5) 2
362.5(5)* 0.09(3) -0.03(5) 1.11(5) 2
382.2(4)° 1.0(2) -
388.5(4)* 0.11(2) 0.01(2) 1.13(7) 2
423.2(4)° 0.9(2) -
428.6(4)° 1.1(2) 2
436.4(4)° 0.23(4) -0.03(5) 1.30(8) 2
437.3(5)° 1.3(2) 2
466.4(4)° 0.29(2) 0.02(3) 1.4(1) 2
487.4(6)° 1.0(2) -
506.6(4)" 1.3(2) 2
554.6(4)" 1.4(2) 2

“The data for these v rays were obtained from the a-tagged singles v-ray energy spectra.
’The data for these 7 rays were obtained from the ~-ray energy spectra obtained from
the a-tagged—yy matrix.

and 3 x 107 were collected for the matrix and cube, respectively. A 100-ns—coincidence
condition between ~ rays allowed the use of all DSSD y strips for recoil-a correlations
for this analysis. Nevertheless, the fairly high probability of false recoil-a correlations
permitted also a higher percentage of the prompt ~ rays from other reaction products
into the matrix and the cube. However, these - rays were not correlated with the v rays
originating from the ™Pt band structures. Observation of bands 3 and 4 is reported,
for the first time, in the present work.

Figure 4.15(a) shows the total RDT prompt ~-ray energy spectrum, when E, =
5968 keV was demanded for the a decays. Six other nuclei produced in the reaction
used were still identified from this spectrum, underlining the problem of high event
rates (see section 4.1) in the 7Pt experiment. When only the low event-rate DSSD y
strips were used (see Figure 4.1) for recoil-a correlations, a significant reduction of false
recoil-a correlations was achieved, as shown in Figure 4.15(b). Candidates for newly

observed transitions in 17°Pt are seen in this figure especially at E, = 131,139,292, 389



Chapter 4. Results

o7

[<10%] - o 1757,
I
. Q
3L ( ) (9% T 017205 q
a R
AR AIFFHE R B 4 1710g
> €23 * 174
LO, 2L = 176py |
() v 174p
\ [ — O\ <t [ <o) ]% <H t
- I B
o)
S "

o

—
X
—
(@)

N

[a—

(b)

QW
T
L

Counts/1 keV

—_
; .
Pt X rays

"
0 100 200 300 400 500 600 700 800

v-ray energy (keV)

FIGURE 4.15: (a) The total prompt -ray energy spectrum of 1Pt obtained with the
RDT method using all DSSD y strips. Some of the strongest transitions assigned to
175P¢, are labelled in (a) together with transitions belonging to other reaction products
marked with symbols. In (b) only the peripheral y strips of the DSSD were used for
the recoil-a correlations; see Figure 4.1. Some of the transitions belonging to 7Pt
are marked with vertical dashed lines to highlight the reduction of the intensity of the
other reaction products of Figure (a) in Figure (b). E, = 5968 keV and time-difference
condition At, , < 7.5 s were demanded for the o decays for both Figures.
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and 422 keV. These transitions were not reported earlier by Cederwall et al. [Ced90].

In Figure 4.16(a) a sum of double-energy condition spectra from the RG-yy~ cube
is shown. In this Figure, spectra from double-energy conditions, between transitions in
band 1 up to I™ = (45/27), were summed. Similarly, a sum of double-energy condition
spectra between transitions in band 2 up to I™ = (39/2") is shown in Figure 4.16(b).
The ordering and the energy of the transitions in bands 1 and 2 is in agreement with
the published level scheme of Cederwall et al. [Ced90]. In the present work band 1 was
extended up to I™ = (49/27). Band 2 was extended up to I™ = (47/27). The 138.6-
keV and 244.1-keV transitions in band 2 are not seen in coincidence with the interband
382.2-keV transition. Thus the 138.6-keV and 244.1-keV transitions are placed to follow
a parallel decay path with the 382.2-keV transition originating from the (15/27) state.
Additionally, an inter-band transition with E, = 431.4 keV was observed when setting
energy conditions on the 436.4-keV and 466.4-keV transitions in the vy cube; see
Figure 4.16(c). The E, = 138.6-keV and 431.3-keV transitions were not reported by
Cederwall et al. [Ced90].

The energy spectrum of the  rays in coincidence with the newly observed 130.9-
keV transition in the RDT-y7y matrix is shown in Figure 4.17(a). Based on the measured
angular distribution (see Table 4.7) the 130.9-keV transition is assigned to have M1
character. It is placed to de-excite an I™ = (9/27) state, feeding the ground state of
175Pt, according to total transition intensity and coincidences with the other transitions
in bands 3 and 4. The 291.8-keV transition is seen in coincidence with the 130.9-keV
transition and transitions above I™ = (11/27) state in band 3. The tentatively assigned
122.6-keV transition is very weak and thus the 291.8-keV transition was not seen in
coincidence with transitions in band 4. Figure 4.17(b) shows the v-ray energy spectrum
when the energy condition was set on the 421.7-keV transition in the v matrix. This
Figure highlights the newly observed 7 rays of band 4 up to I™ = (45/27). Similarly, the
newly observed members of band 3 are shown in Figure 4.17(c). The energy condition
was set on 388.5 keV in the vy matrix to obtain the energy spectrum of Figure 4.17(c).
Coincidences with the most intense transitions in Pt are seen in Figures 4.17(a)-
(¢) due to the Compton-scattered events, not vetoed by the anti-Compton shields.
Additionally, the transitions belonging to band 3 are seen in Figure 4.17(b) as the
421.7-keV energy condition (band 4) overlaps partly with the 423.2-keV transition of
band 3.
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FIGURE 4.16: (a) Double-energy conditions for transitions in band 1 in ">Pt were

set up to I™ = (45/27) in the RG-y7yy cube. The energy spectrum in (b) is the result

of double-energy conditions set on transitions in band 2 up to I™ = (39/2%). (c) An

inter-band 431.4-keV transition is seen with the energy conditions set on the 436.4-keV
and 466.4-keV transitions. See Figure 4.14 for the '"®Pt level scheme.
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FIGURE 4.17: (a) Energy spectrum of prompt + rays in "Pt in coincidence with the
130.9-keV transition in the a-tagged-yy matrix. (b) Gamma rays assigned to band
4 in coincidence with the 421.7-keV ~-ray energy. (c¢) The y-ray energy condition
was set on the 388.5-keV transition, highlighting transitions in band 3 and inter-band
transitions between bands 3 and 4. The a-particle energy condition was set to 5948
keV and the recoil-a time-coincidence window was 0 < At, , < 7.5 s. The highlighted
coincidences (stars) in (a)-(c) are due to Compton-scattered events.
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4.4.3 Search for an isomeric state in °Pt

No candidates for transitions originating from a possible isomeric state in 7Pt were
observed in this work. For !™3Pt, the observed I™ = (13/2%) isomeric state was placed at
an excitation energy of 248.5 keV, 145 keV above the (9/27) state (see Section 4.3.1). An
I™ = (13/2™) isomeric state was also observed to feed the (9/27) state in "*Pt [Sch10].
In '"7Pt [Dra90] and '™Pt [Bag09], the 13/2F state, within the positive-parity band, is
observed 68 keV and 162 keV above the 9/27 state of the 5/27 [512] band, respectively.
In Figure 4.18 the level energy of the 13/2" state is compared to that of the 9/2~ state for
ITLIT3ITT179Pt - Based on this systematic behaviour of the 13/2Fstate level energy, this
state was assumed to be at most 200 keV above the 9/2~ state in 17Pt. A Weisskopf
estimate for a < 200-keV M 2-type y-ray transition probability was calculated [Kra88, p.
332]. Taking into account the corresponding total-conversion coefficient a(M2) [Kib08],
at 1 10 s for the 13/27 state is obtained. Already with a transition energy of 100 keV,
this M2 transition would proceed mainly via internal conversion, as the conversion
coefficient would be ~ 60 [Kib08]. However, if this transition would feed the (9/27)

state at an excitation energy of 130.9-keV, the transition from this state would most
171Pt 173Pt 175Pt 177Pt 179Pt
(1327) a3

901(9) ns
AE =323

(13/2) (%27) a1

248
9.0(5) s AFE =162

AFE |: 145 13/2+ 265

323 145 AF — 68

(9/2_)1 90 (9/2_)1 e (027) 1 Y2 197 (927) 256

FIGURE 4.18: The level energy of the 13/2T state is compared to the level energy of

the 9/2~ state for "L 170179t The energy differences between the states (AE)

and the level and transition energies are given in units of keV. In !"1173Pt isotopes an

M?2 transition, originating from the 13/2" state, feeds the 9/2~ state. In the present

work, the 13/2 state was not observed in ">Pt. The data for "'1Pt, 17"Pt and Pt

were taken from [Sch10], [Dra90] and [Bag09], respectively. Data for 1™>Pt and 1Pt
are from the present work.
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likely have been detected by the focal-plane Ge detectors. Correlation times up to
10 ms between recoil-implantation events in the DSSD and ~v-ray events at the focal
plane were used, while a search for a possible decay from an isomeric-state was carried
out. No candidate or a sign of a 130.9-keV transition were found.

It is also possible that the 13/2% state is below the 9/2~ state in ™Pt. In this
case the 13/2% state could decay via an E3 transition to the 7/2~ ground state of 175Pt.
The estimated half-life for this transition (Eex < 130.9-keV) is approximately 50 ms.
The Weisskopf estimate for an E3-type v-ray transition probability [Kra88, p. 332]
and the corresponding total-conversion coefficient [Kib08] were used to estimate the
half-life. No candidates for an E3-type transition were found. The GREAT-detector
setup in this experiment was far less sensitive to detect a highly-converted (ay, > 10)
t 1 50-ms transition than a = 10-us M2-type transition followed by a 130.9-keV M1-
type transition. The conversion-electron detection threshold for the PIN detectors was
(70-90) keV in the experiment. Therefore an E3-type transition of < 100 keV would
not have been detected in the PIN diodes, as the conversion-electron energy after
the internal L conversion would be less than 88 keV. The high conversion coefficient
(ap, = 20 —300) also makes the y-ray transition intensity weak. Due to the long search
time required between a recoil-implantation event and a y-ray event, these weak ~ rays
would not be seen above the y-ray background. Thus, it is likely, that in '”°Pt, the

13/o7 state lies at an excitation energy of < 131 keV.
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Discussion

5.1 Alpha decay

The ground-state Ig; = (7/27) assignments for 173pt and 5Pt are based on the results
obtained from a-decay spectroscopy. For both nuclei, the unhindered « decays (see
Table 4.2 and 4.5) were used for these deduced assignments. The details for these
conclusions are discussed below.

The '™Pt ground-state is observed to a decay mainly to a (7/27) state in 1%9Os.
Hild et al. assigned the '%°Os ground-state I™ to be 5/2~, based on the unhindered
« decay to a 5/27 state in W [Hil95]. The excited state at 35.0 keV in '69Os has
I™ = (7/27), as the 35.0-keV transition was assigned an M1 type in the present work.
Previously [Bag08, Goo04a] an unhindered a-decay branch was assigned to connect
the ground-states of ™3Pt and '?Os. In the present work, the unhindered o decay
to the I™ = (7/27) state is firmly established. The 135.7-keV transition in 690s was
reported earlier to be in coincidence with the E, = 6100-keV decay branch [Goo04a).
In the present work this coincidence between the reported « decay and the subsequent
~-ray transition was not observed. It can be argued that the coincidence observed
by Goon [Goo04a], is due to summing of E, = 6063 keV and conversion electrons
from the 35-keV transition in the DSSD (see Figure 4.3(c)). No sign of the reported
E, = 6133-keV « decay in coincidence with a E, = 101-keV transition [Goo04a] was
observed in the present work. The b, ~ 2 % value of this decay branch, reported by
Goon, is twice as large as the b, values reported for the decays with F, = 6067 keV
and E, = 6100 keV [Goo04a, Bag08]. A 101-keV M1 or E2 transition, following an «

63
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decay of the reported intensity, would have been detected by the Ge detectors in the
GREAT spectrometer. The E, = 6063-keV decay branch is assigned, in the present
work, to feed a I™ = (9/27) state in 1%90Os, based on the M1-type assignment of the
35.0-keV and 135.7-keV transitions.

The unhindered a decay of the Pt ground state was assigned to feed a (7/27)
state in 171O0s. The ™ Os ground state has been assigned to have I™ = (5/27) by Bark
et al.. This assignment was based on the largest calculated contribution to the wave
function originating from the 5/27 [523] Nilsson orbital [Bar90]. As an M1 character
was deduced for the 76.7-keV transition in the present work, it is assigned to originate
from a (7/27) state in 7'Os. Thus, the unhindered « decay connects the I™ = (7/27)
ground state of 1Pt with the (7/27) state in 171 Os. This I™ assignment of the Pt
ground state has already been pointed out by Kondev et al. [Kon02], and is confirmed
here by the measured M1 character of the 76.7-keV transition in "1 Os.

The ground-state I™ assignments for ™3Pt and !">Pt are also supported by the
results published for A = 177 and 179 isotopes of Hg, respectively. For ""Hg, only
one a-decay branch was reported by Hagberg et al. [Hag79]. The large reduced width
of this decay suggests an unhindered decay to '™Pt. In an a-decay study of ¥1Pb
by Andreyev et al., an assignment of I, = (7/27) for '""Hg was made [And09]. Their
assignment is based on an unhindered '8!Pb « decay to a (9/27) excited state in ""Hg
and the observation of a 77.2-keV M1 transition in ""Hg following the a-decay events.
The 77-keV transition was also reported to be in coincidence with a 246-keV M2
transition originating from a I™ = (13/2) state by Melerangi et al. [Mel03].

For 183Pb, the unhindered a decay from a 13/2% state was reported by Jenkins et
al. to be in delayed coincidence with a 111-keV M2 and a 61-keV M1 transitions
in '™Hg [Jen02]. The I, = 7/2~ assignment for '™Hg supports the I, = (7/27)
assignment for !”Pt, as the known a decay from '"Hg is unhindered [Hag79]. To
conclude, the ™3Pt and '"™Pt ground states can be assigned to have Igs = (7/27) based
on their a-decay parent lineage.

The hindered (F > 4) a-decay branches of 173Pt and 7Pt are assumed to take
place between initial and final states having different configurations. The E, = 5819-
keV decay branch observed in this work for 1”>Pt has F' = 20(6). This hindrance factor
agrees with F' = 21(4), for the E, = 6021-keV ground-state to ground-state decay. This
points towards similar configurations for the 9/2~ and 5/2~ states of '"*Os. The « decay

leading to the 211.2-keV state in '"'Os has a considerably smaller hindrance factor F
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of = 4 — 6. The value extracted for F' depends on the assumed final state I™, and thus
on the angular momentum carried away by the « particle. The E, = 6063-keV decay
branch of 1Pt to the I™ = (9/27) state in '%°Os, is also hindered. Based on these
observed hindrance factors of the a decays, it appears that these I™ = (9/27) states
both in 1%0s and 17 Os have a different configuration compared to the I™ = (7/27)

states in both nuclei.

5.2 Isomeric 13/2" state in !™!PPt

A reduced transition probability of B(M2) = 0.070(4) W.u. is extracted for the ob-
served 145.0-keV M?2 transition in !™®Pt. Equation 2.17 was used to obtain the B(M2)
value, together with a total conversion coefficient of o (M2;145.0 keV) = 14.73 [Kib08].
Observation of M2-type transitions depopulating isomeric I™ = 13/2 states have been
reported by Scholey et al. for "'Pt, 167Os and '®3W [Sch10]. The corresponding
B(M?2) values are 0.105(2) W.u., 0.118(2) W.u. and 0.11(4) W.u., respectively. Also
in 1™Hg [0’D09] and '""Hg [Mel03] a 13/2% isomeric state has been observed. For
these two nuclei, B(M2) values of 0.10(2) W.u. and 0.14(2) W.u., respectively, were
calculated. These isomeric states are shown in Figure 5.1 together with B(M2) values,
half-lives and transitions depopulating the 13/2% and 9/2~ states. The B(M2) value,
obtained in the present work for the decay of the 13/2 state in 1"3Pt, is of the same
order of magnitude as the corresponding values for the nuclei mentioned above.

The Weisskopf estimates for the y-ray transition probabilities are only order-of-
magnitude estimates, or upper limits, for the transition probabilities due to a single-
proton transition [Bla60, p.627]. Thus, the observed hindrance is assumed to highlight
the single-particle character of the observed M 2-type transition in "3Pt.

The nonobservation of an isomeric state in Pt points towards the possibility
that in '"Pt, the yrast-13/2F state lies below the 9/2~ state. A trend of decreasing
excitation energy of the 13/2" state compared to the 9/2~ state is observed, when going
from 1"'Pt to 1"™3Pt (see Figure 4.18). Additionally, in 1""Pt the 13/2% state is observed
at excitation energy of only 67.3-keV compared to the 9/27 state (see Section 4.4.3).
These observations support the assumption of the 13/2™ state having a smaller excitation

energy than the 9/2~ state in !™Pt,.
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FIGURE 5.1: The 13/2" and 9/2™ -state excitation energies with respect to the observed
/27 states for 171173Pt, 17517 Hg 16705 and 153W. For the 13/2% states, also the mea-
sured half-lives are given. B(M2) values are given below the transitions that depop-
ulate the isomeric 13/27 states. B(M?2) values were calculated using Equation 2.17.
The total conversion coefficients for the calculations were taken from Brlcc [Kib08].
The dashed line separates the two a-decay chains considered. Data were taken from
[Sch10] (17*Pt, 1670s and 153W), [O’D09] (}"°Hg) and [Mel03] (}1""Hg). The energies
of the transitions and excited states are given in keV units.

5.3 Prompt ~-ray spectroscopy

For 17Pt, the experimental B(M1)/B(E2) ratios of reduced transition probabilities of the
negative-parity band were compared with theoretical predictions of Dénau and Frauen-
dorf [D6n83, Dén87]. Theoretical values were calculated for a negative-parity band of
175Pt, assuming 7/2~ [514] and 7/2~ [503] configurations for the band heads. These con-

figurations originate from the hy/, and fr/, single-particle orbitals, respectively. In the
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equation [Dra90]

B(M1,I»I1-1) 12 K? [ 7 ]2
( )?

B(E2,] —»1—-2) 5 Qcos?(30°+4) | (I—1/2

, 2
K2 4, Ae 1p
. — 1—— — 2+ ) —(gy—gr) 2| ,

(5.1)

a quadrupole moment of Qg = 6 e-b and a -y deformation of —21° were used for the cal-
culations. The 7-deformation value is based on calculations by Cederwall et al. [Ced90,
Fig.11] and Joss [Jos14]. Aligned angular momentum of the strongly coupled neutron
(iq) was taken to be 1 h, based on the observed aligned angular momentum (see Fig-
ure 5.3(d)). A quasiparticle alignment was not assumed to take place at the low w val-
ues considered, thus 4; of the aligned quasiparticles was taken to be zero. The rotating
core g-factor was taken to be gp ~ Z/A = 0.45 [Boh73, p.54]. Additionally, single-
particle g-factors were calculated, within the Schmidt model, to be* g, (l/hg/2) =0.243,
Ja (V f7/2) = —0.383 for neutrons (v) [Bla60, pp.38—-39]. The signature splitting term
Ae’ was taken to be zero.
The experimental ratio can be written as [Dra90]
B(M1,I —1-1) 167 [E,(I —1-2)

= 0.0693 — 7
B(E2,1 — I —2) 5 [E,(I =111+ 62)

(5.2)

where the M1/p2-mixing ratio 6 = 0 is assumed for the Al = 1 transition. The branch-
ing ratio A is defined as LT

A= I:((I:I—l)) (5.3)

Experimental B(M1)/B(E2) ratios are compared with the theoretical predictions

in Figure 5.2. The experimental values at I = 17/2 and I = 19/2 are upper-limits.

They are based on the estimated maximum intensity the corresponding unobserved

M1 transitions could have had. According to Figure 5.2, the 7/27 [514] configuration,

of hg, single-particle origin, is the favoured configuration for the ground-state band of

175pt. At I = 11/2 the experimental B(M1)/p(E2) ratio is seen to be ~ 3 times larger

than the theoretical prediction for the 7/2~ [514] configuration. Similar behaviour of the

B(M1)/p(E2) ratios has been reported by Bark et al. for 171Os and 173Os [Bar90, Fig.14].

?gs (eff) = 0.7 x gs (free) was assumed [Boh73, p.304].
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FIGURE 5.2: The theoretical B(M1)/p(E2) ratios (open symbols) are compared with the

experimental values (filled circles) for the negative-parity band in 1”°Pt. Experimental

values at I = 17/2 and T = 19/2 are upper-limit estimates for the maximum intensity

of the unobserved M1-type transitions. The theoretical values are connected with the

dotted lines to guide the eye. Experimental values were extracted from the RDT-vy~
matrix.

In Pt the 7/2~ band-head wave function may have a larger component of the 7/2~ [503]

Nilsson configuration, compared with the states at higher angular momentum.

5.3.1 Aligned angular momenta

The aligned angular momenta (see section 2.4) for the N = 95 and N = 97 isotones of
Pt, Os, W and Hf are shown in Figures 5.3(a)-(d). For the N = 95 isotones reference-
configuration parameters, Jy = 13 MeV~'h% and J; = 85 MeV3h*, of 1"10s [Bar90]
were used. The parameters Jy = 35 MeV~'#% and J; = 45 MeV3h* were used
for the N = 97 isotones [Esp94]. Additionally, cranked shell-model calculations for
175Pt were performed, using deformation parameters 5o = 0.18, 84 = 0 and v =
—21° [Ced90, Jos14]. These calculations were performed according to references [Naz85,
Cwi87, Wys88], using a universal Woods-Saxon single-particle potential. The results
of the calculations as quasiparticle Routhians are shown in Figures 5.4(a)-(b). The

labelling used for the neutron and proton quasiparticle orbitals is given in Table 5.1.
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FIGURE 5.3: Aligned angular momenta are plotted for the N = 95 isotones (a &
b) and N = 97 isotones (¢ & d) of Pt, Os, W and Hf. In (a) and (c) i(w) for the
positive-parity bands are plotted, whereas in (b) and (d) i(w) for the negative-parity
bands are plotted. For the N = 95 isotones the data are from [Bar90, Bar99a] (}"1Os),
[Rec85] (19W) and [Cro99] (157Hf). For the N = 97 the data are from [Bar90, Kal91]
(1730s), [Esp94] (1"'W) and [Sch01] (*69Hf).
eters Jy = 13 MeV~!h% J; = 85 MeV 3h* [Bar90] and J, = 35 MeV~!h2
J1 = 45 MeV—3h* [Esp94] were used for N = 95 and N = 97 isotones, respectively.

The reference-configuration param-
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FIGURE 5.4: Calculated energy in the rotating coordinate system (Routhian) of the

single-particle states in ">Pt as a function of fw for neutrons (a) and protons (b). The

crossing frequencies of AB, BC, C'D and EF neutron-quasiparticle configurations are

marked by arrows in (a). The calculation was performed using S = 0.18, §4 = 0 and

v = —21°. The quasiparticle labelling used in (a) and (b) is explained in Table 5.1.
(Figure and corresponding calculations by D.T. Joss [Jos14]).
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TABLE 5.1: The labelling of neutron (v) and proton ()

quasiparticle orbitals in this work. The index number-

ing for (m,«), orders the orbitals according to excitation

energy, separately for positive and negative-parity. Fur-

thermore, the index numbering is separate for neutrons
and protons.

Label Parity, Signature Main shell-model
() component

A v(+,+3h t13/2

B v(+,—ih t13/2

C v(+,+3)2 i13/2

D v(+,—3)2 /o

E v(=—3h hoya/ fr/2

F v(—, 4+ hoya/ fr/2

e m(—, —%)1 hoys/hass
(=, +3)1 hoya/hi1ys

In 1Pt, the (m,a) = (+,+3)" band structure gains at least 10 % of alignment
at hw =~ 0.30 MeV (Figure 5.3(a)). A similar alignment for the positive-parity bands
is seen in all the N = 95 isotones of Figure 5.3(a). In "'Os this has been attributed
to the BC neutron alignment with an estimated 9 & contribution to the aligned angu-
lar momentum [Bar90, Bar99a]. The rotational alignment of the second and third 415/,
neutrons is attributed to this BC' crossing. The BC neutron alignment was assumed to
be responsible for the observed alignment gain also in W [Rec85] and 67Hf [Cro99)].
Based on these similarities, the alignment in the (4, —I—%) band of ™3Pt is attributed to
a BC alignment. The calculated neutron BC-crossing frequency hw ~ 0.28 MeV (Fig-
ure 5.4(a)) for 1Pt also agrees with the frequency of the observed alignment in '73Pt.
The neutron-AB alignment is seen to occur before the BC' alignment in Figure 5.4(a).
However, this AB alignment is blocked for the i1s, v(+, +%) and v(+, —%) bands as a
neutron already occupies either the A or B orbital.

In the (—,—i—%) band of 1"Pt, an alignment shown in Figure 5.3(b) is seen to
occur at a somewhat lower frequency compared with the (+, +%) band. This frequency
(hw =~ 0.25 MeV) is comparable to the observed frequencies for the lighter N = 95

isotones. For the negative-parity bands, the neutron-AB alignment is not blocked,

PLater on in this section a shorthand notation is used, where the symbols (m, ) for parity and
signature are not repeated.
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making it a likely candidate for the observed alignment. In the N = 95 isotones of Os,
W and Hf, the AB alignment is assumed to take place in the negative-parity bands,
with a Ai &~ 9 h gain in the alignment [Bar99a, Rec85, Cro99]. In '"3Pt the negative-
parity band is not observed to high enough angular momentum to determine the total
gain (Ai) to the initial alignment. However, based on the similar alignment frequency,
which is lower than the observed frequency for the BC' alignment, an AB neutron
alignment is assigned to occur also in the '"™Pt (—,+3) band.

The picture of the observed alignments for the # = 4+ bands in the N = 97 iso-
tones is similar to the N = 95 isotones discussed above. In 89Hf [Sch01], 1'W [Esp94]
and '30s [Bar90] the observed alignments in the i13/, bands have been attributed to
the A - ABC and B — BAD alignments. The '™Pt (+,+1) and (+,—3) bands
in Figure 5.3(c) can be seen to gain at least 6 A of alignment at Aiw =~ 0.30 MeV. A
corresponding alignment gain is observed also for the lighter N = 97 isotones. The
calculated neutron BC' and AD alignment frequencies of fiw ~ 0.28 MeV shown in
Figure 5.4(a) agree with the observed alignments. Hence the picture of i13, BC and
AD neutron alignments is seen to prevail also in 1"Pt.

When compared with each other, the negative-parity bands of the N = 97 iso-
tones show much the same alignment frequency (fiw ~ 0.25 MeV, Figure 5.3(d)). The
calculations shown in Figure 5.4(a) predict this alignment to occur at hiw ~ 0.21 MeV,
which is in reasonable agreement with the observations. These alignments have been
attributed to the neutron-AB alignment in all three mentioned N = 97 isotones lighter
than Pt [Sch01, Esp94, Bar90]. Based on the CSM-calculation results and on the ob-
servations in the lighter isotones, an AB neutron alignment is assumed to take place
in the negative-parity band of '">Pt.

In the N = 95 isotones the alignments are seen to be more sudden, compared
with the more gradual alignments observed for the N = 97 isotones (see Figure 5.3).
This signifies a stronger interaction between the 1-quasiparticle (1-qp) and 3-qp band
structures in the N = 97 isotones compared to those in the N = 95 isotones [Ste75].
A proton-quasiparticle alignment below fiw = 0.4 MeV is not probable according to
CSM-calculation results presented in Figure 5.4(b). This has been discussed earlier by
McGowan et al. [McG91, pp.501-504] along with similar results obtained for the calcu-
lated proton-quasiparticle Routhians for 09Hf [Sch01], 1"*W [Esp94] and !73Os [Bar90].

It should be noted that in the present work, the CSM reference-configuration
parameters Jo and J; used for the N = 97 isotones in Figures 5.3(c)-(d) differ from the



Chapter 5. Discussion 73

parameters used by Peura et al. [Peuld]. This difference in the reference parameters
is due to the choice to compare the N = 95 and N = 97 isotones with the same
parameters for each isotone group. However, this does not change the interpretation of
the frequency of alignment in !”Pt. The choice of neighbouring reference configuration
for 1717Pt is not obvious as !™Pt [Dra91, Goo04b] and '"5Pt [Dra86, Ced90] have

been interpreted to have shapes of different deformation at low excitation energy.

5.4 Deformation considerations

The observation of rotational bands can be taken as a fingerprint for deformation in
both nuclei studied in this work. Additionally, the nonobservation of negative-signature
bands in '7Pt, points toward a decreasing B2 deformation compared with '°Pt. As the
nuclear deformation decreases, the Coriolis force can readily align nucleons along the
rotational axis. Especially when the Fermi surface is located near the low-{2 deformed
shell-model orbitals, the rotational alignment is predicted to be possible even at low
rotational frequencies [Ste75]. The effect of the rotational alignment of a single-particle
is manifest in increased signature splitting. For '"3Pt the Fermi surface lies low in the
i13, orbital. Additionally, the ground state of 173Pt is predicted to have a positive 3o
deformation value [GR14b]. This situation is similar to the example given by Stephens
for a single-particle state based on an hiij, orbital, where the decoupled band is pre-
dicted for a prolate nucleus (see [Ste75, Fig.12]). Compared with the rotational bands
observed in '7Pt, the signature splitting in '®Pt causes the unfavoured-signature band
to be weakly populated. Thus, in the region of the nuclear chart where 7317Pt lie, the
strong coupling of single-particle motion competes with weak-coupling and rotation-
decoupling modes as the neutron number decreases.

For '""Pt the spectroscopic results can be explained assuming the nucleus to
be a well-deformed rotor with 53 ~ 0.2 [Dra90]. As the low-lying excited states in
I7L172p¢ are already seen to be predominantly vibrational in character [Ced98], it is
reasonable to assume that 1Pt and Pt could have shapes of different deformation
coexisting at low excitation energies. Total Routhian surface (TRS) calculations for
174,176p¢ show that both nuclei are soft along the axis of v deformation (vy soft) when
hw =0 MeV [Ced90, Fig.6(a)]. When the TRS calculation is performed above the i3,
neutron-crossing frequency of 0.33 MeV, both nuclei are seen to have a well-deformed

minimum at v = 0°, 82 =~ 0.2 [Ced90, Fig.6(b)]. More recent theoretical calculations



Chapter 5. Discussion 74

predict the prolate ground-state deformations of B ~ 0.17 — 0.3 for 172174176p¢ to
coexist with a ~-soft triaxial shape [GR14b]. A TRS calculation for odd-mass Pt
isotopes predicts the Pt ground state to be 7 soft with By ~ 0.15 — 0.2 [Hil92], in
agreement with the results obtained for the even-A Pt isotopes. The irregularities at
hiw ~ 0.2 MeV in the i (w) plots for 1Pt (Figures 5.3(c)-(d)) can be taken as a sign
of a changing deformation, as the rotational frequency increases. These low-frequency
alignments (hw < 0.2 MeV) of the observed negative-parity bands in '"™Pt could be
due to a deformed configuration, which is different from the configuration (E or F; see
Table 5.1) where the assumed neutron-AB alignment takes place.

In Hg and Pb isotopes these low-lying deformed structures are assigned to be
based on intruding multi-particle multi-hole (mp-mh) excitations. These excitations
are across the Z = 82 energy gap between major shells [Heyll]. Also for neutron-
deficient Os and Re isotopes, this proton mp-mh excitation has been suggested to be
the cause of the observed low-frequency alignment changes [Bar91]. The irregularities in
the positive- and negative-parity bands in Pt occur at similar rotational frequencies.
This could be taken as a sign of a mp-mh excitation.

B(E?2) values, obtained from lifetime measurements of the low-lying excited states
in 173175P¢ | could provide more direct information on the deformation in these nuclei.
B(E2) values for the 17/o% — 13/2% and 21/27 — 17/2% transitions in Pt have been
reported by Watkins [Watll1]. The increase of the B(E2) values, when the angular
momentum increases, was attributed to a change in the deformation of '™Pt. Both
173pt and 7Pt have many y-ray transition energies that are doublets. For this rea-
son, the lifetime measurements would need to be performed using ~+ matrices. Thus,
although the cross sections for producing these Pt isotopes are relatively large, the
~7-coincidence requirement makes these experiments challenging.

Coulomb-excitation studies can be utilized to yield information on the low-lying
excited state configurations [Hey11, p.1502]. However, Coulomb-excitation experiments
are currently not feasible for "317Pt, as studying these nuclei would require a ra-
dioactive 1™3Pt ion beam with high intensity. Moreover, experiments employing laser
spectroscopy would be desirable for the determination of the ground-state angular mo-

mentum and parity for Pt isotopes below A = 178.
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Summary

Transitions de-exciting the negative-parity states at Fox = 35-keV and 171-keV in
1690s have been observed in coincidence with the a decay of '™Pt. These states
are assigned to have I™ = (7/27) and I™ = (9/27), respectively. The ground-state
I™ = (7/27) for ™3Pt was established, based on the a-decay fine structure of !"3Pt.
Also for '™Pt, the fine-structure a-decay results presented, confirm the ground-state
I™ = (7/27) assignment. In addition, a newly observed a-decay branch in ™Pt, with
E, = 5819 keV, was established. This decay feeds an I™ = (7/27) excited state at 207.9-
keV in 1" Os, which has been observed before only in an in-beam v-ray study [Bar90].

In !™Pt, an I™ = (13/27) isomeric state was observed with t1 = 9.0(5) ps. The
extracted value for the reduced transition probability for the 145.0-keV M2 transition,
depopulating the isomeric state, is B(M2) = 0.070(4) W.u. This is similar to the
corresponding values obtained in this region of nuclei. The hindered B(M2) value is
assumed to be a sign of a single-particle type transition between states based on the
i13/, and hgy, shell-model orbitals. In 175Pt this isomeric state was not observed, and
it is assumed to lie below the 9/2~ state in ">Pt. This assumption is based on the
systematic behaviour of the 13/2T-state excitation energy with respect to the 9/2~ state
in the neighbouring Pt isotopes, together with the capabilities of the experimental setup
in the present work.

For both ™3Pt and Pt the previously reported [Ced90, Jos06] positive-parity
band structures were confirmed and extended. Negative-parity bands were observed
for both nuclei, in the present work. The differences in band structures, observed

between 175Pt and 3Pt (for both 7 = + and 7 = — bands), were assumed to arise due

75
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to decreasing (2 deformation as the neutron number decreases. The aligned angular
momenta for 1Pt and Pt display similar alignment frequencies compared with the
N = 95 and N = 97 isotones of Os, W and Hf, respectively. Quasiparticle neutron-
AB alignment for the negative-parity bands in Pt and 7Pt is assumed. For the
positive-parity bands BC' and AD neutron alignments are taken to be responsible for
the observed alignments in the favoured (a = +3) and unfavoured (o = —3) signature
bands, respectively.

It would be very interesting to see lifetime measurements of the low-lying excited
states in 1"317Pt in the future. Especially in Pt at fuw ~ 0.20 MeV there is a
clear discontinuity observed in the aligned angular momenta (Figures 5.3(c)-(d)). The
intruding deformed configuration, based on mp-mh excitations across the Z = 82 shell
gap, is a likely cause of the observed irregularities. Lifetime measurements would
provide valuable information on the possible change of the £y deformation of 17317Pt
at low excitation energies.

The combination of the in-beam ~-ray spectroscopy results and the results ob-
tained from the decay spectroscopy, reveals a more complete picture of the properties
of nuclei, compared with just one experimental setup. The flexibility of the TDR
data-acquisition system, together with the high radiation-detection efficiencies of the

detectors, enables a comprehensive analysis of the possible correlations in the data.
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