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Anomaly in spectra of ®>Pd and > Ru
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The anomalous change in the low-lying spectrum from 'Pd to '®’Ru in the sequence of N =59
isotones is investigated. A possible attribution of this effect to the onset of a phenomenological ex-
change force in the interacting boson-fermion model is investigated.

The systematics of the N =59 nuclei exhibits an in-
teresting anomaly: There is a pronounced difference be-
tween the low-lying positive-parity spectra of BRusy and
i’Pdsg. On one hand, '®Pd exhibits a simple weak-
coupling pattern with a j=ds,, | (d5,2,2)J ). On the oth-
er hand, !®Ru exhibits a pronounced J =j — 1 anomaly,
with an anomalous low-lying doublet 3/2 ,5/2 1.

A straightforward explanation of this onset of the
I=j —1 anomaly in the framework of quasiparticle-core
coupling is to appreciably change the pattern of neutron
single particle energies, with a strong lowering of the
vdy,, single-particle state in '®Ru. In this case '“Ru
would have anomalous neutron quasiparticle energies: the
low-lying doublet vds,;,vds,, followed by the higher-
lying vg7,,. However, this would be in clear disagreement
with well-established systematics of single-particle states,
which is characterized by the low-lying doublet
vds3,v87,, and the higher-lying vd; ,2.? Therefore, we

have investigated the possibility of reproducing
103R u-1Pd in the framework of the established pattern of
neutron  single-particle  states  e(vds,;) <€(vgy,,)
<€l vd 3/2 ).

The lowering of the I =j —1 state can be understood
within the framework of quasiparticle-core coupling as an
effect of the Pauli principle acting between an odd quasi-
particle and the intrinsic structure of the core. In the
case of an SU(6) collective core this effect has been stud-
ied in the interacting boson-fermion model (IBFM):* The
state ] =j — 1 is lowered with an increase of the exchange
coupling strength A.® In the leading order, the parameter
A is determined by a constant A, and occupation probabil-
ities.>* Thus, keeping the same single-particle pattern
and occupation probabilities in '®>Pd and '®Ru, a simple
possibility to reproduce the experimental relative positions
of the 3/2{ and 5/2{ states is to have A, larger for
103Ru than for !Pd. With a further increase of A, the
1/2{ state gets lowered; such an effect is indeed observed
in ©'Mo, which is the neighboring N =59 isotone to-
wards lighter nuclei.

In the present calculations of the energy spectra of
15pd and '®Ru we employ the quadrupole phonon
representative for the IBM/IBFM, referred to as the
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TQM/PTQM.%"” However, given that the IBM is com-
monly used we adopt the IBM/IBFM parameters when
discussing our results.

The core nucleus for '®Pd is *Pd. This nucleus has a
pronounced SU(5)-type spectrum: The first excited 2;
state is followed by a closely spaced triplet 05,25 ,47 at
about twice the energy of the 2{ state, and by the higher
lying group of states 0%,(2%),(3%). Therefore, the '*Pd
core is described here in the SU(5) limit of the IBM, by
fitting the 2{,05",25,4; states. The corresponding IBM
parameters are listed in Table I, together with the TQM
counterparts.

The core nucleus for '®Ru is '?Ru. This nucleus ex-
hibits a somewhat stronger splitting of the 05,25 ,4{ trip-
let than '™Pd and the higher-lying group of states is
closer to this triplet. '2Ru has been previously fitted by
Iachello and Arima’® in the SU(5) limit of the IBM and by
Bockisch et al.® away from this limiting symmetry. The
corresponding IBM/TQM parameters are listed in Table
I

We note that 'Pd and 'Ru have been recently inves-
tigated in a two-parameter approximation of the IBM,
with only one parameter for boson-boson interaction.’
Also, these nuclei have been described in the IBM-2, with
proton bosons and neutron bosons.!® Previously, these nu-
clei have been investigated in the framework of the boson
expansion theory of Tamura et al.!'! The calculated spec-
tra of '%Pd and '“Ru in Ref. 11 are similar to the IBM
spectra which correspond to the parametrizations in Table
I

Here we adopt the following starting points:

1. The core parametrization is taken from Table I.

2. The single-particle states ds,,,87,, are sizably lower
than s,,5,d3/;. B

3. The occupation probabilities for ds,, and g7,
quasiparticles are the same in '®Pd and '®Ru.

Under these conditions the quasiparticle parameters are
E(g7,,)—E(ds/;)=0.34 MeV in the calculation with pa-
rameters (a) for 1%>Ru, 0.75 MeV in the calculation with
parameters (b) for !Ru, and 0.5 MeV in the calculation
for '%Pd. The occupation probabilities in all three cases
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TABLE L. IBM/TQM parameters for '®?Ru and '®Pd. The number of bosons is N =7 for '®’Ru and N =6 for '*Pd.

Parameters 102R w? 102R yb 104pq

IBM TOM IBM TOM IBM TQM IBM TQM

€4 —€; hy 0.481 0.481 0.561 0.561 0.556 0.556
Uy h, 0 0 —0.122 —0.086 0 0
U, h; 0 0 0.078 0.078 0 0
Co hay —0.018 —0.009 —0.177 —0.089 0.218 0.109
Cy ha; 0.141 0.158 —0.175 —0.195 0.228 0.255
Cs4 haa 0.144 0.216 0.081 0.122 0.212 0.318

*IBM parameters are taken from Ref. 5.
°IBM parameters are taken from Ref. 8.

are vz(d~5/2)=0.6 and v%(g;,,)=0.1. We note that these
quasiparticle parameters, adjusted to '®Pd and '®Ru, ap-
proximately correspond to the Bardeen-Cooper-Schrieffer
(BCS) solutions obtained for Kisslinger-Sorensen parame-
ters! if one lowers the h,;,, single particle state; this
seems to be in agreement with the observed low-lying
11/27 state in this region.

The boson-fermion interaction strengths used in our
calculations are X=—V"7/2, [y=0.14, A4,=0.13, and
Ap=0.76 for '®Ru and X = —V'7/2, [,=0.14, 4,=0.1,
and Ay=0.07 for !°Pd. Here, the strengths are defined in
accordance with Ref. 12:

A;=4,V52j +1),

Ly =ToV5(uu;j—v;)<i | | Yo | | ),
A= —A2V'5(2k + 1)~ By By;
By=(uw;+uu)i | | Y] ),

where i,j,k denote single-particle states and u,v are the
occupation probabilities.

As seen, Ay(!PRu)>>Ay(!1%°Pd), in agreement with our
qualitative argument. For !®Pd there is Ag< Ty, with a
rather small effect of the exchange term, while for '®Ru
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there is Ag> I'y, with a pronounced effect of the exchange
term, which is especially reflected in the lowering of the
3727 state.

The calculated spectra of 'Ru [parameters (a)] and
105pd are presented in Fig. 1 and labeled by A and B,
respectively. We note that in previous phenomenological
calculations in the IBFM the fitted parameter A, was also
varied from nucleus to nucleus. For example, in the well-
known calculations* for *°Eu, !Eu, and !33Eu the fitted
values for Ay were 1.91, 2.73, and 3.69, respectively, with
the change from isotope to isotope Ag(A)—Ag(4 —2)=1.
Thus, the absolute change of the fitted parameter A be-
tween '®Ru and '°Pd is compatible with the previous
work. However, the relative change is larger than previ-
ously experienced, because of a very small value of A, for
105p4. We note that the expression for the exchange cou-
pling strength in the IBFM (Ref. 4) (PTQM) (Ref. 7) con-
tains the leading-order variation due to the change of u;
and v; with the number of nucleons, while the zero-order
strength A, is treated phenomenologically. It would be
desirable to microscopically investigate the variation of A,
with the nucleon number. Particularly, the onset of A,
between '°Pd and '®*Ru might be based on the change in
the proton-neutron interaction between the spin-orbit
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FIG. 1. Calculated spectra of '>Pd and '®>Ru compared to experiment (Refs. 14 and 15). Tentative assignment between some cal-
culated and experimental states is indicated. For description see the text.
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TABLE II. Main components (percents) in the wave functions of '“Ru. Here |j,nI;J) denote
quasiparticle—d-boson basis states: The quasiparticle state 7 and n d bosons with angular momentum 1
are coupled to the total angular momentum J. (For components appearing in the table no additional
quantum numbers are needed to specify the boson state and therefore are omitted.) Only components

larger than 10% are listed.

3/2¢
|dsp2,12;3/2)12
|ds/2,32;3/2)27
| ds/,52;3/2)20

772¢
|dsp,22;7/2)12
|dss2,32;7/2)15
|ds/2,42;7/2)20

5/2%
|¢75/2,00,5/2>12
135/2,20,5/2)25
I35/2,40,5/2)21
| ds/2,50;5/2)10

5/2F
|ds/,12;5/2)10
|ds/2,32;5/2)17
|ds/2,52;5/2)10

1721
|ds;2,22;1/2)11
|ds;,32;1/2)15
|ds,42;1/2)17
|ds;,52;1/2)11

343

|ds,52;7/2)11

partners (7gy/, —vg7,,) below the Z =50 shell: In the
zero-order, '9Pd and '©*Ru have more and less than a half
filled mgy,, configuration, respectively. Previously, the
role of the spin-orbit partners on the onset of deformation
was investigated.!®> It is an interesting question whether a
microscopic approach can give physical justification for
the difference in A, from isotope to isotope, which is re-
quired for the phenomenological fit.

We note that the quasiparticle energy splitting
E(g;,,)—E(ds,) is different in the calculations with pa-
rameters (a) and (b) for '®Ru. The effect of smaller
anharmonicities in the calculation with parameters (a) is
partly accounted for by diminishing the energy splitting
between the two quasiparticle states.

We have investigated the role of different parameters in
the calculations performed under assumptions 1—3. The
conclusion is that Ay is in this case the only parameter
which significantly affects the presence or absence of the
3/21{,5/21 doublet.

The present calculations qualitatively reproduce the
ground-state region. However, for the other states there
are problems with the locations of some states. The cal-
culated 1/2 state is located too high; this is due to the
absence of the s, ,, configuration from the calculation. In
105pd the 9/2* state is predicted in the low-lying multi-
plet above the ground state; however, no 9/2% state is ob-
served in this energy region. The level (3/2,5/2)% at 447
keV,'" which is presented in the experimental spectrum,
seems to be absent due to preliminary results.”> The level
at 673 keV, previously assigned as 5/2%,!* is assigned as
3/2% in a recent preliminary work.!””> In the latter case
this state would arise theoretically from the additional
d;,, configuration coupled to the core. We have per-
formed such a calculation in a simplified way, by includ-

ing ds ,2 and dy,, quasiparticles only. We note that such
ad, ,2 quasiparticle energy seems to be too low and it may
correspond to a more correlated state. ~However, the in-
clusion of a d; »2 configuration above ds,,,87,, does not
have stronger influences on the lower-lying states arising
from the ds5,, configuration.

In Table II we present the largest components (> 10%)
in the wave functions of low-lying states in '“Ru (b), ex-
pressed in the quasiparticle—d-boson basis. For '®Pd,
with small Ao, the 5/2{" state is a rather pure ds,, quasi-
particle state and 1/27,3/2,5/25+,7/21,9/2{ are the
n =1 multiplet states based on ds,,. For '©Ru, with
rather strong Ag, several multiplets are strongly mixed in
the wave functions, with the maximum amplitude being
shifted toward a higher boson number. For example, the
largest component (27%) in the wave function of the
3721 state is the n =3 multiplet state |ds,,,32;3/2).
Furthermore, it is interesting to note that the boson com-
positions of the 3/2{ and 5/2 " states are dominated by
odd- and even-number d bosons, respectively. (In inter-
preting wave functions of IBFM/PTQM one should keep
in mind that for particular nuclear properties, the effects
of mixing are partly effectively shifted into operators,
which are more complete than in the standard particle-
core model.)

In conclusion, we have phenomenologically investigated
in the IBFM the problem of a sudden change of energy
spectrum between 'Pd and '’Ru as a possible conse-
quence of the onset of the exchange effect. In this con-
nection, the microscopic investigation of the exchange
coupling strength A, would be desirable.
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