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Abstract. The 3 decay of *Pd and of the 71s isomer of **Rh was investigated by using total y-ray
absorption techniques. Several levels in *4Rh are established, including a new low-lying isomer characterized
by a half-life of 0.48(3) us and a de-exciting transition of 55keV. E2 multipolarity is determined for
this transition by measuring the intensities of its ~-rays and the characteristic X-rays from its electron
conversion. On the basis of the measured reduced 3-decay transition rates to known **Ru levels and shell
model considerations, the spin-parity of the 71s and the 0.48 us isomers of **Rh is assigned to be (4™)
and (2%1), respectively. The 3-decay strength distributions measured for 94Pd and the 71s isomer of **Rh
yield Qrc values of 6700(320) and 9750(320) keV for these decays and give evidence for the population of
those states below and above the magic N = 50 gap that belong to both components of the Og spin-orbit
doublet.

PACS. 27.60.+j 90 < A < 140 — 21.10.Hw Spin, parity, and isobaric spin — 21.10.Tg Lifetimes — 23.40.-s

Beta decay; double beta decay; electron and muon capture

1 Introduction

Studies of nuclei near the N = Z = 50 shell closure
at 190Sn offer a rich source of nuclear-structure informa-
tion on medium-mass nuclei. In addition to in-beam spec-
troscopy, decay studies represent a valuable tool, includ-
ing investigations of [ decay as well as direct charged-
particle radioactivity [1]. The direct one-proton [2] and
two-proton [3] disintegration of the (21%) isomer of *Ag
is a particularly exciting recent example of such studies of
exotic nuclei. In addition to their nuclear-structure inter-
est, studies of A > 64, N =~ Z nuclei are also relevant for
modeling the path of the astrophysical rp-process [4] in
general, and the recently proposed vp-process [5] in par-
ticular.

Among the nuclei which lie on the nuclear chart
“southeast” of °°Sn, whose 0gq /2 orbital is partly or com-
pletely filled and which are accessible to experimental in-
vestigations, the odd-odd nucleus “*Rh (Z = 45, N = 49)
is one of the least investigated. According to the NUBASE
evaluation [6], two long-lived states have been identified
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for this nucleus, their half-lives being 70.6(6) and 25.8(2) s,
respectively. It is not clear, however, which of the two
states, which we shall denote by ?™!'Rh and ?*™2Rh, re-
spectively, represents the ground state. While a tentative
spin and parity assignment of (8%) is given for %4™2Rh [6],
the corresponding properties of **™!Rh are rather uncer-
tain. Very little is known on the 37 /EC decay of *‘Pd as
only its half-life (772 = 9.0(5)s [6]) and a few (-delayed
~-rays were measured, without a decay scheme being es-
tablished [7]. Moreover, it was observed that a -delayed
7 transition populates °4™!Rh. However, the $-decay data
taken so far do not allow one to clarify the spin and parity
assignment of *4™'Rh. As its 3 decay strongly feeds 2%
and 47 states in **Ru, a spin-parity of 31 was suggested
for this isomer [8]. In contrast, a theoretical investigation
of the # decay of N = 49 nuclei by Johnstone and Sk-
ouras [9] revealed a severe disagreement between the ex-
perimental half-life value of 71s and the corresponding
prediction based on the 3T assignment. The calculation
also failed to reproduce the low energy of a 3% state, but
at the same time predicted the first two excited states of
94Rh to be almost degenerate 2+ and 4T levels. Johnstone



176

and Skouras [9] explained these discrepancies by assuming
that the 71s decay represents a mixture of 3 decays of the
2% and 47 levels. Herndl and Brown [10] assigned 4T to
94mIRh in their wide-range shell model calculations of the
half-lives of (1p;/2,0g9/2) nuclei.

The previous assignment of spin-parity 3% to
94mlRh [8] as well as the theoretical consideration [9] were
based on the experimental 3-decay feedings to the **Ru
states which have reliably established spin-parity assign-
ments. However, these feedings were determined from a
balance of «-ray intensities and hence represent “appar-
ent feedings” (I,pp) which may differ from the true (3 feed-
ings (Ig). The latter shortcoming is due to the fact that a
sizeable fraction of the y-ray intensity coming from high-
lying excited states may easily remain unobserved because
of a very fragmented character of the y-ray de-excitation,
known as the Pandemonium problem [11]. This leads to an
underestimation of Ig for high-lying daughter states, and
consequently to its overestimation for low-lying daughter
states. Therefore, in order to solve the ambiguity of the
spin-parity assignment of ?4™!Rh, the true 8 feeding to
94Ru states has to be measured. Based on this motivation,
we re-investigated the °4™!Rh decay by using the total
absorption spectrometer (TAS) [12] that is able to detect
whole y-ray cascades rather than individual « transitions.

The application of the TAS for the 31 /EC-decay study
of the nuclei under consideration here is expected to
give new data on the corresponding Gamow-Teller (GT)
strengths. The investigations of very neutron-deficient nu-
clei near 1°°Sn with Z < 50 and N > 50 performed with
both, the high-resolution technique [13] and TAS [14-18]
have revealed strong feeding of high-lying daughter states.
In the framework of the shell model consideration, such
decay is due to a GT spin-flip (SF) [19] transformation
of a proton in the partly or completely filled Ogg o or-
bit into a neutron in the Ogz /o orbit. It is important that
the main GT strength is situated within the Qgc window
which makes the entire GT strength available to 3-decay
studies. In nuclei with Z, N < 50 the GT transforma-
tions 7(gg/2) — v(ge/2) which are responsible for the 3
decay to low-lying daughter states, become available. In
analogy to charge-exchange reactions [19] we will use the
denotation “core-polarized” (CP) for these states. (There
should not be confusion with the denotation “core polari-
sation” referring one of the effects leading to quenching of
GT strength.) The SF excitations are not expected to be
affected by the opening of the CP transformation chan-
nel. Therefore one expects the 3 decay to populate two
groups of excited states, separated by an energy interval
depending on the spin-orbit splitting of the Og orbit. This
expectation is also supported by the observation of strong
branching ratios for #-delayed proton emission in the de-
cay of the light silver isotopes, “Ag [20] and *Ag [21].

This paper is organized as follows. In sect. 2, a short
description of the experimental technique and the experi-
mental results is given. Section 3 is devoted to the treat-
ment of the experimental data, including in particular the
identification of a new isomer in “Rh denoted by **™3Rh
and the method of deducing the distribution of I3, as well
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as the Qgc values of %*Pd and °*"'Rh. In sect. 4, the
spin-parity assignment of *4™!Rh and ?4™3Rh will be dis-
cussed as resulting from these data, and the experimental
GT-strength distributions will be presented. The theoret-
ical estimates used during the analysis were calculated in
the shell model framework with the code OXBASH [22] in
a (1p1/2,0g9/2) model space. Section 5 contains the sum-
mary and the conclusions.

2 Experimental techniques

94Pd nuclei were produced through fusion-evaporation re-
actions induced by a 4.8 A-MeV 4°Ca beam on a °8Ni
target. The recoils were stopped in the graphite catcher
of a FEBIAD ion source [23]. The 4Pd beam from the
GSI on-line mass separator [24], whose intensity amounted
to 12atom/s, was implanted into a movable tape which
transported the radioactive sources into the centre of the
TAS [12]. The TAS consists of a large Nal crystal with
356 mm length and 356 mm diameter, with ancillary ger-
manium (Ge) and silicon (Si) detectors positioned near
the centre of the Nal crystal. The Ge detector offers the
possibility to record X- and 7-rays from sources positioned
in the centre of the TAS, with the Nal crystal and its lead
shielding efficiently suppressing the room background. By
using appropriate coincidence conditions with signals from
these ancillary detectors, the events related to 37 and EC
decay can be distinguished. In the following, the spectra
registered in the Nal detector in prompt coincidence with
one of the two Si detectors or characteristic Rh or Ru X-
rays are denoted as TAS(B) and TAS(EC), respectively.

The TAS(BT) spectra of the %Pd and %4™!Rh were
produced in sufficient isotopic purity due to the low inten-
sity of the mass-separated %* Ag beam [25] and by choosing
an appropriate timing of the implantation measurement
cycle. As the yield of short-lived rhodium isotopes from
the FEBIAD ion source is suppressed due to the poor
diffusion and surface release properties of this element,
the mass-separated A = 94 beam contains only minor
amounts of *4™IRh and %4™2Rh. However, we were able
to produce sufficiently strong samples of 4™ Rh activity
as a daughter of %*Pd (8 decay. In order to obtain data sets
for the 9s ?4Pd and 71s ?4™IRh activities, two different
implantation measurement cycles were used, whose tim-
ing was 24s - 24s and 64s - 64s, respectively. The total
number of cycles amounted to 1200 and 150, correspond-
ing to measurement times of about 8 and 3 h, respectively.
The time dependence of the total TAS(571) spectra as a
function of time after the completion of the source trans-
port was analysed using two half-life components. The
best fit to the experimental data was obtained with val-
ues of 9.6(2) and 66(6)s, which agrees with the results
from previous measurements for the half-life of *Pd and
94mIRh [6], respectively. The contribution of the 52 min
94Ru component to the TAS spectra was neglected.
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Fig. 1. Low-energy part of a spectrum registered by the Ge
detector during measurement with 24s cycles.
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Fig. 2. Time distribution of events obtained as K, (Rh)yNal
(filled circles) and (55keV)yNal (open circles) coincidences.

3 Experimental results

3.1 Identification of 9%*™3Rh

The spectrum registered by the Ge detector for the 24 s cy-
cle is displayed in fig. 1. Peaks corresponding to the char-
acteristic Ru and Rh X-rays and ~-rays with an energy of
54.6 keV were observed in this spectrum. This -delayed -
ray has already been reported earlier [7]. The intensities of
K, (Rh) X-rays and 55keV ~-rays were found to decrease
with a half-life of 9.6(7) and 11(2) s, respectively, in agree-
ment with the half-life of the **Pd component determined
using the decomposition of TAS(3T) spectra (see sect. 2).

The time distribution of delayed-coincidence events,
produced by registering the time of 55keV ~-ray events
relative to the time of «-ray events in the Nal detector
shown in fig. 2, yields a half-life 0.45(3) us. The corre-
sponding time distribution of K, (Rh) X-rays shown in
the same figure contains both the prompt and delayed
components, the half-life of the latter being 0.50(2) us in
agreement with that of the 55keV ~-rays. We thus as-
sign the 55 keV ~v-ray to represent the y-ray transition de-
exciting of a new isomer *4™3Rh while the delayed compo-
nent of the X-ray is due to the internal electron conversion
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of this transition. The half-life of **™3Rh was evaluated to
be 0.48(3) us. By using the ratio of the intensities of de-
layed K, (Rh) X-rays and 55 keV ~-rays, the internal con-
version coefficient of the 55keV transition was evaluated
to be ax = 9.5(20). Within the limits of its experimen-
tal uncertainty this value is consistent with the theoretical
ay value for an E2 transition and with a theoretical upper
limit of 0.2 for the M1/E2 ratio [26]. The summed inten-
sity of delayed X-rays and 55 keV +-rays was measured to
be close to 100% with an uncertainty of about 20%. This
observation means that most of S-delayed ~-rays populate
the 0.48 us isomer *4™3Rh.

3.2 TAS spectra of %*Pd and %™Rh

The TAS spectra of *Pd and *4™!Rh are shown in figs. 3
and 4, respectively. The energy positions of peaks in
TAS(87) spectra are shifted by 1.022 MeV due to absorp-
tion of the annihilation quanta. The EC events of the ?*Pd
decay were selected by using the prompt component of
K, (Rh) X-rays. In the TAS spectra of *Pd, a prominent
peak at 558 keV appears, confirming the previous observa-
tion [7], as well as three more rather pronounced peaks. In
the TAS(BT) spectrum of the *™IRh decay, three peaks
corresponding to the known low-lying levels in **Ru are
clearly observed.

The EC branching ratio was evaluated to be EC =
0.09(2) and EC = 0.16(4) for the **Pd and **™!Rh decay,
respectively. In spite of their poor counting statistics, the
TAS(EC) and TAS(B87) spectra shown in fig. 3 agree as
far as their overall structure and the most intense peaks
are concerned. An exception is the 2570keV peak in the
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Fig. 3. Total absorption spectra of “*Pd decay registered in

coincidence with positrons (upper panel) and the fast compo-
nent of K,(Rh) X-rays (lower panel).
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Fig. 4. Total absorption spectra of ™! Rh decay registered in
coincidence with positrons (upper panel) and K, (Ru) X-rays
(lower panel). The literature value of the proton separation
energy in **Ru is indicated.

TAS(B7) spectrum of 9*Pd that is not observed in the
TAS(EC) spectrum taken in prompt K,(Rh) X-ray coin-
cidence. By comparing with the intensity of the 2570 keV
peak occurring in the TAS(87) spectrum, the correspond-
ing peak in the TAS(EC) spectrum is expected to contain
15(7) events. Therefore, the non-observation of the lat-
ter peak may simply be due to the low counting statis-
tics. Anyway the assignment of the 2570keV peak in the
TAS(B") spectrum to the 3+ decay of *Pd is firm as the
same peak occurs in the TAS(31) spectrum accumulated
in delayed coincidence with K,(Rh) X-rays. The latter
spectrum is caused by ST-delayed ~-rays populating the
0.48 ps isomer %4™3Rh. In principle, the disappearance of
the EC component of a (-delayed ““Rh transition could
mean a high [-decay energy, which would suggest a de-
cay of an isomeric state in *Pd at an energy of several
hundred keV. This explanation, however, seems to be far
fetched because such a long-lived isomeric state is not ex-
pected in an even-even nucleus. Note that for both ?4Pd
and ?#™IRh the present study exceeds by far the excita-
tion energies in the daughter nuclei “*Rh and ?*Ru that
were attained in previous (-decay studies.

3.3 Beta-intensity distributions

The intensities of 41 and EC decay (I3) have been eval-
uated using a technique described in [18]. The essence
of the method is the fitting of the experimental spectra
by simulated ones. The simulation of a spectrum is def-
inite if the level scheme and the 7 branching ratios of
the daughter nucleus are known to some extent. As this
condition was not fulfilled for the daughter of the %*Pd
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B decay, "“Rh, a statistical assumption with respect to
the structure of the ~ cascades had to be made. Follow-
ing [18], the daughter levels required for the simulation of
the (-delayed v-ray cascades were calculated in the shell
model framework. The calculation were carried out in the
(1p1/2,0g9/2) model space with empirical interaction S-
FIT [27] that was obtained by fitting levels of N = 49, 50
nuclei and should thus be particularly suited to reproduce
the low-lying “‘Rh states. These states do not reproduce
all the states that were expected to be fed in 8 decay but
is quite sufficient for the statistical simulation of their ~
decay. Tables 1 and 2 compile the Ig and log ft values for
the “4Pd and **™!Rh decay, respectively, as deduced from
the peaks in the TAS spectra.

The excitation energies of ““Rh levels, listed in ta-
ble 1, are given relative to that of *#™!'Rh. By assuming
that most of B-delayed ~-rays populate the 0.48 us isomer
94m3Rh (see sect. 3.1), these energies were obtained by in-
creasing the energies determined for the peaks in the TAS
spectra by 55keV. The energy of the most strongly pop-
ulated level at 613keV was deduced by using the energy

Table 1. Levels in °*Rh observed in %4Pd /3 decay; feeding
intensities I, log ft, and reduced probabilities B(GT).

Energy I I5(%) log ft B(GT)
(MeV)
0.0 (41) <1

0.0546% (2h) <1

0.613 (™) 42(5) 4.75 0.068(8)°
1.67(1) ah) 3.9(7) 5.32 0.019(4)"
2.63(1) (17) 10(2) 4.44 0.14(3)"
2.91(1) a+h) 15(3) 4.07 0.33(7)°
1.4-5.0 58¢ 3.33¢ 1.80(40)°
Total =100 3.31 1.86(40)°

%ty /0 = 0.48(3) s, aK = 9.5(20).
Uncertainty owing to Qgc not included.
€ Is and B(GT) of the levels 1.67, 2.63 and 2.91 MeV included.

Table 2. Characteristics of feeding to **Ru states in **™' Rh
[ decay; feeding intensities Ig, log ft and reduced probabilities
B(GT).

Energy I I5(%) log ft B(GT)
(MeV)

0.0 0t <1
1.431* 2t <1
2.187° (4™) 4.3(15) 7.1 0.00032(12)°
2.498° (6™) <3
2.503° (4) 17.3(20) 6.4 0.0015(2)°
2.5-3.0 <2
3.0-9.0 ~ 75 3.8¢ 0.64%¢
Total =100 3.35 1.06(20)%¢

¢ Data from [8,28].

b Uncertainty owing to Qgc not included.

¢ Only (v decay.

d Including Bp decay [7] at excitation energy lower than 9.0 MeV.
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of 558.2keV + transition from [7]. No information con-
cerning the v de-excitation of the other “*Rh levels can
be derived from the TAS data. In particular, the question
related to the 723.9 and 797.8 keV ~-transitions observed
in [7] remains still open.

The excitation energies of “Ru levels listed in table 2
were taken from [8,28]. The Iz values obtained for the
94mIR] decay in our work differ from those published
previously. The main difference concerns the 2; level at
1431keV for which we found only an upper Iz limit of
1%, while the I, value (see sect. 1) amounts to 18% [8].
The observation of a weak 1431 keV peak in the TAS(37)
spectrum shown in fig. 4 is interpreted as being due to
the fact that strong high-energy ~ transitions feeding this
level partly escape the TAS detection. This interpretation
is supported by a simulation that takes into account the
strong 3 feeding observed for high-lying *Ru states (see
fig. 4). Our data indicate strong [ feeding of 17% for the
9Ru level at 2498 and/or 2503keV. The corresponding
Lpp values determined in [8] amount to 7% and 31%, re-
spectively. Therefore, the Ig result from our work is to
be mainly attributed to the 45 level at 2503keV. In to-
tal the %Ru levels in the energy region below 3 MeV are
populated by only about 25% of the total § intensity of
the 4™1Rh decay. The main part of the 3 feeding appar-
ently populates higher-lying *4Ru levels, an observation
that was missed in the previous study [8].

3.4 Qgc values of %4Pd and %™Rh

During the simulation presented in sect. 3.3, we used
the method described in [18] to estimate Qgc values
on the basis of experimental 37 /EC ratios. The results
are 6700(320) and 9750(320) keV for **Pd and %4™!Rh,
respectively. The large uncertainties are mainly related
to the low counting statistics. The Qgc values obtained
in this work agree with the results of 6590(600) and
9632(450) keV derived in the most recent mass compila-
tion [29]. It is interesting to note that this compilation
gives the excitation energy of %™2Rh as 320(200) keV rel-
ative to that of %™1Rh [6,29]. Moreover, the Qrc value
of 94™m1Rh, obtained in our work, agrees with the result of
about of 9650 keV that can be extracted for the **Rh mass
by using the data mapped in fig. 1 of [30]. Using this fig-
ure, we estimated the uncertainty of the above-mentioned
value to be less than 20keV. As the nuclei investigated
in [30] were produced in a fusion-evaporation reaction,
most probably the mass value found in this work pertains
to the (8%) isomer %4™2Rh. If we thus assign the Qrc value
of 9650keV from [30] to the (8%) isomer 94™2Rh, its exci-
tation energy is 100(320) keV lower than that of *4™1Rh.
This sequence of **™!Rh and %™2Rh is hence opposite
to that predicted by extrapolating systematic trends [6,
29], even though the energy difference obtained by the
two methods agrees within the respective uncertainties.
All in all, in spite of the high accuracy of the measure-
ment reported in [30], hereinafter we used the Qrc values
obtained in our work for determining the statistical rate
function of 3 decay (f) for both “*Pd and **™!Rh.
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Fig. 5. Shell model predictions for low-lying %*Rh levels in
comparison with the corresponding experimental data. There
is an indication from experiment that the position of the (8)
state is 100(300) keV below the (41) state (see text).

4 Discussion
4.1 Spin and parity of °*™Rh and %™3Rh

Our data presented in table 2 show the [ feeding to the
94Rh levels at 2187 and 2503keV whose spin and parity
were previously assigned as 47 [8,28], but do not confirm
the strong feeding to the 2 level in “*Ru. This allows us to
confirm the objection of Johnstone and Skouras [9] against
the assignment of 3% to %™!Rh (see sect. 1). Therefore,
following the works [9,10], we tentatively assign a spin-
parity of 4T to 4™!Rh. The possibility of the spin-parity
assignment 57 is rejected as the shell model calculations
persistently put this state above the 4T level, as shown in
fig. 5. The positions of the **Rh levels shown in the figure
were calculated using the (1p;/2,0g9,2) model space with
two different empirical interactions, namely S-FIT [27] and
the interaction introduced by Gross-Frenkel (GF) [31].
The shell-model calculations predict that the low-lying
27 and 3T states can be considered as candidates for
the 0.48 us isomer #™3Rh. Making use of the wave func-
tions calculated within the (1p;/2,0g9/2) model space and
employing the GF interaction, we estimated that the
3T — 47 transition with an experimental energy of 55keV
should be faster than 0.01 ns, with a strong dominance of
the M1 component. This contradicts both the experimen-
tal result of 0.48 us and the experimental upper limit of
0.2 for the M1/E2 ratio (see sect. 3.1). The contradiction
cannot be eliminated by varying within reasonable limits
the effective charges of e, = 1.72e and e, = 1.44e [32]
and the effective g-factors, which were taken as their free-
nucleon values. In contrast, the shell model calculation
yields a half-life of 0.57 us for the 2+ — 47 E2 transi-
tion in satisfactory agreement with experiment. Therefore,
we tentatively assign 27 to the 0.48 us level. This conclu-
sion is supported by the fact that shell model calculations
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“prefer” the 2% rather than 3% assignment for the second
excited *Rh level as can be seen in fig. 5.

4.2 Gamow-Teller strength distributions of **Pd and
94m1Rh

The distributions of the § strength in the daughter nuclei
94Rh and ?*Ru are displayed in the fig. 6 and fig. 7, respec-
tively. In these figures and in tables 1 and 2 we designate
the reduced probability as B(GT) for individual levels and
for the unresolved continuum distribution. In the latter
case the reduced probability is related to energy intervals
of 200 keV. The B(GT) values are given in units of g% /4w
with the axial vector coupling constant ga = 1.263 gv.
For the ?4™!Rh decay, the contribution from A3-delayed
protons, whose intensity was determined in [7], has been
taken into account. This was done by assuming the pro-
ton separation energy of 6254keV [29] and the emission

0.4

r;\ .
O
m

0.2

0 1 2 3 4 5 6 7

E (MeV)
Fig. 6. GT-strength distribution for the decay of *Pd. The
B(GT) values are given for 200keV intervals. The filled bars
indicate the B(GT) for the individual resolved levels. The exci-

tation energy is given relatively to that of **™!Rh. The triangle
indicates the Qgc value of °*Pd determined in this work.

_0.24
| x 100

B(GT

0.14
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T T T T v T T T T 1
0 2 4 6 8
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Fig. 7. GT-strength distribution for the decay of **™'Rh. The
B(GT) values are given for 200 keV intervals. The filled bars in-
dicate the B(GT) for the individual resolved levels. The dashed
line shows the B(GT) distribution obtained by disregarding (-
delayed proton emission. The triangle indicates the Qrc value
of ™ Rh determined in this work.
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of all protons to the ground state of %Tc. The very large
uncertainties of the Qrc values (see sect. 3.4) induce corre-
spondingly large B(GT) uncertainties whose relative val-
ues go up to 50%. Therefore, the following consideration is
of rather qualitative nature. Considering, in particular, the
94m1RY decay, the used distribution of 3-delayed protons
gives a divergence of evaluated strength near Qgc. This ef-
fect could be eliminated by increasing the Qgc of **™!'Rh
slightly, i.e. within its uncertainty. However, as only a few
events have been observed [7] in the corresponding high-
energy region of the (-delayed proton spectrum, such an
adjustment does not seem to be justified.

For the decays under consideration here, the GT
strength is expected to originate mainly from the trans-
formation of both CP-type 7(gg/2) — v(gg/2) and SF-
type m(go/2) — v(g7/2), the former leads to the feeding
to low-energy levels, while the latter can be suggested to
be responsible for a wide resonance at higher excitation
energy. The experimental summed B(GT) values are sub-
stantially larger than the shell model estimates of the CP
component of GT strength. The shell model calculation
within the (1pq/2,0g9/2) model space with S-FIT inerac-
tion yields values of 0.15 and 0.024 for the summed GT
strength of the **Pd and **™Rh decays, respectively, an
universal hindrance factor A = 1.6 included [33]. Yet the
experimental summed B(GT) for the 8 decay of “°Pd,
for which the SF transformation 7(gg/2) — v(g7/2) is ex-
pected to dominate owing to the completely filled neutron
0gy,2 shell, was measured to be 2.3 [34]. This value, used as
estimate, allows referring the wide resonances in figs. 6, 7
to the SF mode.

For the ?*Pd decay, an independent confirmation of the
SF nature of the high-energy GT excitation follows from
the comparison of the centroid of the high-energy compo-
nent of the GT strength in °*Rh with the corresponding
results for Rh and “®Rh as it is shown in fig. 8. The latter
data were obtained by evaluating experimental observa-
tions made for the 3 decay of %Pd [34] and **Pd [35]. For
these two nuclei, as it was pointed above, the SF transfor-
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Fig. 8. Energies of the SF centroids of the GT-strength distri-
bution with respect to the ground states of the parent nuclei.
The position of Esp for **™'Rh decay is shifted by 0.1 MeV
to take into account the difference of Coulomb displacement
energies [36] between **Rh and “°Pd.
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mation 7(gg/2) — v(g7/2) is expected to dominate. The
calculations of Brown and Rykaczewski [13] and that of
Johnstone [37] indicate that the “°Pd 3-decay strength is
fully collected within the Qgc window. Correspondingly,
the centroid of the experimental B(GT) distribution of
96Rh should be close to the centroid Esp of the total GT
strength. The energy scale used in fig. 8 reflects the nature
of the SF-GT excitation as a (I™,T) = (1%,1) particle-
hole pair added to the ground state of the parent nucleus.
Following to [38], in order to analyse the energies of GT
excitation in nuclei with different Z, the energies of cen-
troids are given in fig. 8 as a function of (N — Z)/A.

Considering 4™ Rh, because of the divergence of the
strength owing to the high-energy part of the (-delayed
proton spectrum, we estimated the energy of the SF cen-
troid to be at the position of the high-energy peak of the
GT distribution (see fig. 7). This value is also plotted in
fig. 8 at the corresponding value of (N — Z)/A. One can
see a reasonable agreement with the trend of Pd-isotopes
data, which confirms the validity of an assumption about
the SF character of the main maximum of the GT-strength
distribution of 4™ Rh.

The SF-strength distribution of **™!Rh, in its turn,
consists of two components, in which the final proton con-
figurations have seniorities v, = 2 and v, = 0. The config-
uration with v, = 2 is created by the SF transformation
with a proton pair breaking, in much the same as for even-
even parent Pd isotopes. The v, = 0 component is due to
the transformation of the odd, not paired proton (see [33]
for details). A calculation of Towner [33] predicted the
strength with v, = 0 about 0.05 of the total strength for
the decay of ?Rh, which can be taken as estimate for
94m1Rh. Moreover, the centroid of strength with v, = 0 is
expected to be situated below the centroid with v, = 2,
therefore we can neglect a contribution of the v, = 0 com-
ponent in the energy region around the SF centroid. The
configuration v, = 0 most probably is partly responsible
for the long tail of the SF strength in the excitation energy
region below 7MeV (see fig. 7).

The Ecp values of the CP-strength distributions can-
not be taken directly from the experimental energies of
low-lying levels because some fraction of the CP strength
has to be distinguished from the low-energy wing of
the strong SF-strength distribution. In particular for the
94m1Rh decay, the contribution from the v, = 0 compo-
nent of the SF strength is possible. This distinction can-
not be made on an experimental basis. In order to derive
some estimate of Ecp we again turn to shell model pre-
dictions. For each of the two nuclei under consideration
we calculated the energies and B(GT) values for all the
levels within the (1p;/2,0g9/2) model space. The calcu-
lations yield good agreement with experiment concern-
ing, firstly, the excitation energies of the 17 level in “*Rh
and the 4; level in ““Ru and, secondly, the feature that
these levels account for the maximum fractions of the CP
component of the GT strength (see also [9,10]). By us-
ing the experimental energy Ep, of the 1;r level in Rh
and 42+ level in “Ru and the corresponding calculated en-
ergies 1, carnc, we estimated the Ecp values, assuming
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Table 3. Values of centroids of low- and high-energy groups
of GT strength related to core-polarized (Ecp) and spin-flip
(Fsr) states.

Daughter Ecp Esr
nuclide (MeV) (MeV)
GF* F-FIT® S-FIT*
94Rh 0.84 0.94 1.32 3.50(20)
%Ru 3.6 3.0 3.6 7.90(20)

% Experimental values of Ecp corrected for the unobserved B(GT)
strength using the shell model calculation with the interaction indicated

by the column label (see sect. 4.2).

that Ecp-Er, =~ Ecp,caLc-Er,caLc, with Ecp carc be-
ing the centroid of the GT strength calculated within the
(1p1/2,0g9/2) model space. To judge the steadiness of the
results, we repeated the calculation with different inter-
actions, namely GF [31], S-FIT [27] and F-FIT [27]. The
latter was obtained by fitting more extended experimental
data than those used for the GF and S-FIT interactions.
In table 3, the Ecp values obtained with such corrections
and Fgp values are presented. The large spread of Ecp
values obtained with different interactions shows that the
results obtained by this procedure represent only rough es-
timates. Nevertheless, the data compiled in table 3 yield
evidence that the energy distances between the SF and
CP states, which one may call spin-orbit splitting, differ
in ““Rh and **Ru by about 2 MeV.

When comparing the properties of neighboring nuclei,
it is reasonable to suggest that the pairing is responsi-
ble for such difference. All the four centroids presented in
table 3 are connected with the GT transition accompa-
nied by proton pair breaking, and both the SF transitions
change the seniority of neutron final configurations at the
same value. A distinction takes place for the change of
the seniority of the neutron 0Ogg/, orbital. It is advisable
to consider the splitting between SF and CP centroids
as a result of moving a neutron from the 0gg/2 to Og7 /o
orbital. In Rhyg, a promotion of an odd neutron from
the 0gg o orbital leads to the formation of one hole pair,
and hence to a corresponding decrease in the splitting.
In ““Rusg, on the contrary, the promotion of one neu-
tron from closed shell costs more energy and leads to an
increase in the splitting. Thus, the difference of the split-
ting is qualitatively understood in terms of the analogy
with the even-odd difference of neutron separation ener-
gies and interpreting both effects as being due to pairing
in the neutron 0gg /o shell.

5 Summary and conclusion

We used heavy-ion—induced fusion-evaporation reactions,
on-line mass separation and decay spectroscopy to inves-
tigate the 8 decays of **Pd and **™'Rh. A new isomer,
94m3Rh, was identified to have a half-life of 0.48(3) us
and be de-excited by a 55keV, F2 transition. Tentative
spin and parity assignments of (47) and (2*) were found
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for 24m™1Rh and 94™3Rh, respectively. By means of total
absorption spectroscopy the g intensity distributions and
Quc values of ?Pd and 24™!'Rh were measured. The re-
sulting GT-strength distributions were deduced and inter-
preted in comparison to shell model predictions. The case
of 94™1Rh is an impressive demonstration that the occur-
rence of the strong § decay to high-excited states makes it
difficult, if not impossible, to use “apparent feedings” as
obtained from the balance of «-ray intensities. The data
on 3 decay of nuclei with N < 50, i.e. with a partly filled
neutron gg 5 shell, are useful in theoretical studies of nuclei
near 1%9Sn. Particularly interesting is the evidence for an
effect of pairing in the neutron shell that becomes appar-
ent from the difference of the splitting of the GT strengths
of neighboring nuclei. In this context, a re-investigation of
the 3 decay of the (8%) isomer %™?Rh and the deter-
mination of the corresponding GT strength would be of
considerable interest. Moreover, a high-resolution study
of the B decay of ?Pd would be welcome in view of the
insufficient knowledge of this decay scheme.

The authors would like to thank K. Burkard and W. Hiiller for
their valuable contributions to the development and operation
of the GSI on-line mass separator.
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