
PHYSICAL REVIE& C VOLUME 28, NUMBER 6

High spin states in Rh and ' 3Rh

DECEMBER 1983

G. Kajrys, S. Landsberger, * and S. Monaro
Laboratoire de Physique Nucleaire, Universite de Montreal, Montreal, Quebec, Canada H3C3J7

(Received 12 July 1983)

NUCLEAR REACTIONS ' Mo( Li,3ny) ' Rh, E =22—34 MeV. Mea-
sured E~, y-y coincidences, y-ray angular distributions. Rh, ' Rh deduced

levels, J; enriched targets, Ge(Li) detectors.

tematic fashion, but many gaps still exist for a meaningful
comparison to be made. In particular, little has been pub-
lished on the high-spin states of ' Rh and Rh. In this
work we wish to report on such states populated via the
Li,3n reaction. The low lying —,', —, doublet of states'

in ' Rh is similar to that observed in ' 'Rh, so that we
might expect a similar structure, while only positive-

I. INTRODUCTION

While our knowledge on the odd-mass neutron-rich Tc
and Rh nuclei (for which N ) 50) is far from complete,
many interesting features and similarities have already
emerged. For example, in the Tc nuclei, positive par-
ity bands connected by predominantly E2 transitions have
been observed based on the —, ground state. The posi-

9+

tions of the lowest (yrast) —", ,
—", and —", states in

these nuclei correspond closely in energy with the 2+, 4+,
and 6+ states in the corresponding (A —l) Mo nu-
clei. ' Similar bands have been proposed also in Rh and
' 'Rh. Here, however, the positions of the —", , —", , and
21 +

states are consistently higher in energy than the cor-
responding 2+, 4+, and 6+ states in Ru and ' Ru. This
lack of correspondence is even more pronounced for ' Ag
and ' Pd. ' Indeed, whereas the 2+, 4+, and 6+ states of
the even-even X =54 and N =56 isotones show a fairly
smooth decrease in energy with increasing Z, the —',

17 + 21+
, and —, states of the odd-A nuclei remain almost

static in energy relative to each other. Recently the ex-
istence of a negative parity band in 9 Tc (Ref. 3), Rh,
and ' 'Rh (Ref. 2) has been established. The —,

13 17
, and —, states of these bands are considerably lower

in energy than the 2+, 4+, 6+, and 8+ states in the neigh-
boring even-even nuclei. However, these levels do show a
gradual lowering of excitation energy with increasing 2 as
in the even-even nuclei.

Additionally, several states in the odd-A Tc and Rh nu-
clei show rapid changes in energy with increasing
mass number. In the Tc nuclei the lowest —,

+ and —,

states drop sharply in energy and the —, , —, , —,
' level

ordering observed in ' 'Tc reverses itself in ' Tc and
has been proposed as the onset of a large permanent de-
formation at N =60. While the —', state in Rh drops
steeply in energy to become the ground state in ' Rh, the

5 +
known —, state is relatively static.

Clearly these features should be explainable in a sys-
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FIG. 1. A Ge(Li) spectrum from the ' Mo+ Li reaction at
26 MeV bombarding energy. Labeled peaks belong to ' Rh un-
less otherwise indicated. Energies are in keV.
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High spin states in Rh and ' Rh have been studied via the ' Mo( Li,3ny) reaction using in-

beam gamma ray spectroscopy techniques. Two cascades based on the 2 ground state and the

lowest 2 state are attnbuted to Rh. Two cascades based on a proposed 2 level are attributed9 + 103 13 +

to Rh. Excitation function and angular distribution measurements are used to assign spin values
to many of the levels.
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parity low-lying states have been clearly identified in
97lh so that some intermediate structure between Rh
and Rh might be expected for Rh.

II. EXPERIMENTAL PROCEDURES

Experimental procedures and data reduction techniques
were identical to those reported elsewhere and only the
essential details will be outlined here. Targets of isotopi-
cally enriched (-97%) Mo and ' Mo in the form of
metallic rolled foils (t = 10 mg/cm ) were bombarded with
the Li beam from the Universite de Montreal EN tandem
Van de Graaff accelerator and, where energies higher than
those obtainable in Montreal were needed, with the Chalk
River Nuclear Laboratory MP tandem accelerator. In-
beam gamma ray singles spectra were obtained with a 72
cm Ge(Li) detector, having a resolution of 2. 1 keV at 1.33
MeV, placed 15 cm from the target at 90' to the incoming
beam. Excitation functions of gamma rays up to 1.5 MeV
in energy were measured in 2 MeV steps between 22 and
34 MeV bombarding energy.

A typical spectrum taken at 26 MeV bombarding ener-
gy and with the ' Mo target is shown in Fig. 1. From the
yield of the 357 keV, —,

' —+ —,
'

transition in ' Rh, a
bombarding energy of 25 MeV was chosen to carry out
the gamma-gamma coincidence and angular distribution
experiments. For the more neutron deficient Rh, using
the yield of the 265.3 keV, —, —+ —, transition, a corre-7+ 9+

sponding energy of 32 MeV was selected. To help identify
reaction products, background spectra were recorded after
each irradiation. As expected, the nn, pn, p2n, and p3n
reaction channels and their respective decay products ac-
counted for a large part of the in-beam and out of beam
spectra. Because of the higher energies needed to populate
states in Rh, the accurate analysis of transitions assigned
to Rh proved to be difficult due to a large number of
close-lying background lines. This difficulty did not
occur for the majority of transitions assigned to Rh.

Gamma-gamma coincidence measurements were per-
formed using two Ge(Li) detectors at 55' and —90' to the
beam axis and having 2. 1 keV resolution at 1.33 MeV.
Standard fast oiscriminator timing techniques were em-
ployed to achieve a prompt coincidence timing resolution
of about 10 ns. Coincidence data, recorded event by event
onto magnetic tape, were subsequently analyzed to obtain
gamma-ray spectra in coincidence with selected peaks and
background gates. Some examples of the gamma-gamma
coincidence spectra are shown in Fig. 2.

Angular distribution measurements were carried out
with the Ge(Li) counter placed 20 cm from the target and
gamma ray spectra were recorded every 15 between 0 and
90 to the beam direction. The total incident charge to-
gether with the total counts recorded by a 12.5 cmX 12.5
cm Nal(T1) monitor detector placed at —90' to the beam
direction served as the normalization for each recorded
spectrum.
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FIG. 2. Some examples of y-y coincidence spectra obtained in this work for transitions in Rh and ' 'Rh. Energies are jn keV.



28 HIGH SPIN STATES IN Rh AND ' Rh 2337

TABLE I. A summary of level energies, gamma-ray energies, relative intensities, and angular distri-
bution results for Rh obtained in this work. Energies are in keV.

Excitation
energy
(kev)

857.6

1463.0

1553.1

1962.2

2224.8

2617.2
3054.8
3258.2
3550.2

y-ray
energy
(keV)

857.6

605.4

695.5

409.1

761.8

655.0
830.0

1296.0
292.0
933.0

Relative
intensity

(%)

100.

36.6
+ 1.5
50.4
+ 1.5
33.1
k 1.0
22.8'

+ 1.5

J;"—+Jf
13+ 9+
2 2

15 11 + 13 +
( ——)—~—

2 7 2 2

( )+17 13 13+
2 7 2 2

~(——)—15 11 +
2 7 2

0.255

+0.038
—0.093
+0.061

0.253
+0.048
—0.207
+0.039

—0.103

+0.044
—0.018
+0.062
—0.105
+0.054

0.009
+0.041

5
E2/I 1

'Doublet-total intensity only.

The yields of all reaction gamma rays in each spectrum
were obtained with the peak-fitting program SAMPO.
Relative excitation functions of transitions attributed to

Rh and ' Rh were drawn to obtain an estimate of the
spin of a particular level. These spin values were then
used to fit the angular distribution data following pro-
cedures which are well documented and will not be repeat-
ed here. '

A. Results for Rh

3. Examples of the excitation function data are shown in
Fig. 4.

Previous work on the decay of "Pd has established
many levels in Rh which were not or were only weakly
excited in this study. The —', level at 265.3 keV could
not be verified from our work, although the excitation
function of the 265.3 keV gamma ray observed in our
spectra would support a —', spin assignment (Fig. 4). The

level observed at 475.1 keV was not excited in this

The results obtained for Rh are summarized in Table
I, while the corresponding decay scheme is shown in Fig. I 0.0—
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FIG. 3. Level scheme of Rh as obtained in this work. Ener-
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FIG. 4. Relative excitation functions of transitions in Rh.

The yield of each gamma ray is normalized to that of the 857.6
keV line.
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work, and we have little evidence for the ( —,', —, ) level at
1004.8 keV. The 745.7 keV transition observed to deexcite
the 1004.8 keV level in decay work can be entirely attri-
buted in our work to Ru populated via the Li,pn reac-
tion. The many additional levels attributed to Rh from
decay work could not be confirmed from our data.

A strong 857.6 keV transition was found to be in coin-
cidence with several gamma rays, none of which could be
identified with the various possible reaction product nu-
clei, and we place the 857.6 keV transition as deexciting to
the ground state of Rh. The predominantly quadrupole
nature of the 857.6 keV transition as deduced from its an-
gular distribution favors a —", spin-parity assignment to
the level at 857.6 keV.

Additional levels built on the 856.7 keV state could be
deduced from the gamma-gamma coincidence data. The
857.6-605.4-761.8-830.0 keV coincidences necessitate lev-
els at 1463.0, 2224.8, and 3054.8 keV, respectively. We
can say little on the 3054.8 and 2224.8 keV levels since
their deexcitation gamma rays are both doublets. The ex-
citation function of the 605.4 keV transition favors a spin
of around —", , while its almost isotropic angular distribu-
tion would support —", or —", . We cannot distinguish be-
tween these two possibilities. Also, we cannot rule out a
negative parity to the 1463.0 keV level, although it is un-
likely since even a small M2 component in the 605.4 keV
transition would result in a long ( —10 ns) lifetime for the
1463.0 keV level. The strong 605.4-761.8 keV coincidence
would suggest an almost pure E 1 transition in the case of
a change in parity.

A second cascade of transitions is built on the 857.6
keV level, as shown in Fig. 3. Only the 695.5 and 409.1

keV transitions were intense enough to enable some esti-
mate of the spins to be made. In addition, the ordering of
the 655.0 and 933.0 keV transitions may be reversed. The
angular distribution of the 695.5 keV y ray shows it to be
a predominantly quadrupole transition favoring a —", , —", ,
or —', spin value for the 1553.1 keV level. Its excitation
function supports a —", value, but from the level systemat-
ics (see Sec. III), the —, spin should not be ruled out.
Lifetime considerations favor a positive parity. The exci-
tation function and angular distribution of the 409.3 keV
transition would then imply a —", or —", spin for the level
at 1962.2 keV.

B. Results for ' Rh

The results obtained for ' Rh are summarized in Table
II, while the corresponding decay scheme is shown in Fig.
5. Some excitation functions of particular relevance are
shown in Fig. 6. We discuss negative and positive parity
levels separately.

1. negative parity levels:
295.1, 357.6, 847.6, 877.9, and 919.8 keV levels

Previous work has already established' a —,', —,
' doub-

let of levels at 295.1 and 357.6 keV, respectively, with
transitions to the —, ground state. This is completely in

agreement with our data on the two ground state transi-
tions. We have some evidence for an additional low spin
state at 847.6 keV. A level at 847.7 keV has been observed
in Coulomb excitation work with a tentative —, spin-
parity assignment. ' Our angular distributions on the
known 490.9 and 522.3 keV transitions to the —,

' and —,

levels, respectively, favor a —,
' or —,

'
spin assignment with

the former clearly favored by the excitation function data.
Interestingly enough, in a previous work on ' 'Rh a simi-
lar level at 850.4 keV was observed for which a —', spin as-
signment was favored as opposed to the —,'value proposed
in a p, t pickup reaction study. " Of the additional levels
observed in previous work only the 919.8 keV, —, level
was detected here. The —,

'
spin assignment' is completely

consistent with our data on the 562.2 keV transition deex-
citing the level to the —, , 357.6 keV state. The existence
of a 877.9 keV level is inferred here from the weak 530.3-
357.6 keV coincidence. The limited data available on the
530.3 keV transition would suggest a spin —,

' or —,
' assign-

!nent to this level with negative parity from its decay
mode.

2. 1636.4, 2343.3, and 2416.4 keV levels

The 357.6 and 562.2 keV transitions are in strong coin-
cidence with 716.6, 706.9, and 780.0 keV lines. In addi-
tion, the 706.9 and 780.0 keV transitions are not in coin-
cidence with each other, although the 780.0 keV transition
is in coincidence with the 716.6-562.2-357.6 keV cascade.
This necessitates new levels at 1636.4, 2343.3, and 2416.4
keV. The predominantly quadrupole nature of the 716.6
and 706.9 keV transitions and their respective excitation
functions favor —, and —, spin-parity assignments to13 17

the levels at 1636.4 and 2343.3 keV, respectively. The an-
gular distribution of the 780.0 keV transition also has a
predominantly quadrupole character favoring a —", spin
assignment to the 2416.4 keV level. The excitation func-
tion of the 780.0 keV transition is consistent with this as-
signment, although its behavior suggests that it could be a
doublet (Fig. 6).

3. 2539.1, 2752.5, 3013.4, and 3329.3 keV/evels

Four low-energy transitions were detected in coin-
cidence with the 706.9, 716.6, 562.2, and 357.6 keV transi-
tions suggesting levels at 2539.1, 2752.5, 3013.4, and
3329 4 keV. The angular distributions of all four transi-
tions are almost identical, being predominantly of a
AJ =1 nature. The level ordering is not unambiguously
determined from the y-y coincidence data. We have
placed the levels in order of increasing spin value as deter-
mined from the excitation function data.

4. Positive parity levels:
536.9, 657.1, and 820. 7 keV levels

Low-lying —, and —, states at 40.0 and 93.0 keV,
respectively, have been observed in ' Rh. ' A level at
536.9 keV is strongly populated in the decay of ' Ru
(Ref. 13) and has also been observed in p,p' scattering ex-
periments. ' The —,

'
spin-parity assignment from these
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TABLE II. A summary of level energies, y-ray energies, relative intensities, and angular distribution
results for ' Rh obtained in this work. Energies are in keV.

Excitation
energy
(keV)

295.1

357.6

536.9

657.1

820.7

887.9

1348.9

1519.7

1523.1

1636.4

1715.3

2194.9

2343.3

2416.4

2539.1

2736.3

y-ray
energy
(keV)

295.1

357.6

497.0

564.1

163.9

727.7

490.0

5S2.3

530.3

562.2

691.8

862.6

702.4

866.3

716.6

894.6

846.0

706.9

780.0

195.8

1021.0

Relative
intensity

(%)

32.9+0.4

14.9+1.0

54.2+0.5

5.4+0.2

9.5+0.3

79.3+0.8

11.2+0.4

5.1+0.4

4.8+0.3

76.0+0.8

14.7+0.4

18.2+0.6

14.5+0.4

7.5+0.2

49.1+0.5

27.8+0.5

7.1+0.3

16.S+0.3

9.8+0.5

15.3+0.3

5.8+0.3

J; —+Jf
3 1

2 2

5 1

2 2

5+ 7+
2 2

11+ 9+
2 2

13 + 11 +
2 2

9 +
2

( — )~—3 5
2 2

3
2

3 1 5
( ——)272 2

9 5

2 2

13 + 11 +
( —)~—

2 2

( ——)+11 9 11 +
2 ~ 2 2

15 + 13 +
2 2

11+
2

13 9
2 2

17 + 13 +
2 2

(—)~—17 13
2 2

( —)~—17 13
2 2

( —, )~( —, )
19 17

21 + 17 +
(—)~—

2 2

—0.186

+0.016
0.167

+0.007
0.041

+0.027
0.223

+0.015
0.160

+0.038
—0.175

+0.039
0.22S

+0.017
—0.219
+0.041

0.101

+0.081
0.095

+0.081
0.212

+0.015
0.321

+0.028
0.189

+0.024
0.139

+0.028
0.272

+0.037
0.240

+0.007
0.228

+0.030
0.246

+0.061
0.250

+0.022
0.245

+0.037
—0.146
+0.015

0.312

0.011
+0.018
—0.06 1

+0.010
—0.049
+0.033
—0.024

+.021
—0.027
+0.046

0.003
+0.045
—0.087
+0.022

0.035
+0.046
—0.082
+0.097

0.012
+0.059
—0.083
+0.019

0.018
+0.034

0.061
+0.031

0.011
+0.034
—0.123

+0.049
—0.098
+0.096
—0.094
+0.035
—0.006
+0.074
—0.096
+0.028
—0.087
+0.048

0.018
+.017

—0.144

5
E2/M 1

E2
—o 9-o.6

+0.4

2752.5 213.4 ~ 14.3+0.3 ( —, )~(—, )
21 19

+0.060
—0.169

+0.077
0.004

3013.4

3329.3

260.9

315.9

S.8+0.3

2.8+0.2

( —, )~(—, )
23 21

( —, )~(—, )
25 23

+0.014
—0.124

+0.050
—0.161

+0.068

+0.015
—0.044

+0.058
0.041

+0.074
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FIG. 5. Level scheme of ' Rh as obtained in this work. Same caption as Fig. 3.

studies is consistent with our data on the 497.0 keV transi-
tion deexciting it to the —, , 40.0 keV level. Other low-

lying levels seen in decay work were not excited in this
study and we can say little about the levels at 607.7, 650.1,
and 651.8 keV.

A search was made for possible transitions to the —,

and —', states. In this we were guided by previous work
on ' 'Rh, and we looked specifically for transitions with
similar excitation functions to those observed in the
negative-parity band. Strong lines at 564. 1 and 727.7 keV,
which could not be identified with any of the expected
product nuclei, have the correct shapes in their excitation
functions, and we propose that they feed the —, level at9 +

93.0 keV, forming levels at 657.1 and 820.7 keV, respec-
tively. The excitation function data on the 727.7 keV
transition favors a —", spin assignment, which is further
supported by the predominantly quadrupole nature of the
727.7 keV transition as deduced from its angular distribu-
tion. An —, spin is favored from the excitation function
and angular distribution of the 564. 1 keV transition. We
have some evidence for a 163.9 keV transition between the
657.1 and 820.7 keV states. The 163.9 keV gamma ray
appears weakly in the coincidence spectrum, but its gated
spectrum clearly shows the presence of the 564.1 keV line.
Its excitation function is identical to that of the 727.7 keV
transition, while its angular distribution is well fitted to a
AJ = 1 transition.

5. 1348.9, 1519.7, 1523.1, and 1715.3 keV levels

The level at 1348.9 keV is inferred from the 691.8-564.1

keV coincidence. The excitation function of the 691.8
keV transition is identical to that of the 727.7 keV gamma
ray, and a —", spin is not inconsistent with the angular dis-
tribution data.

Our evidence for the level at 1519.7 keV is very weak
and is based on the weak 862.6-564.1 keV coincidence.
An —", or —, spin is possible from the excitation function
data. The angular distribution does not distinguish be-
tween these two possibilities.

A level at 1523.1 keV is firmly established via the
866.3-564.1 and 702.4-727.7 keV coincidences. The exci-
tation functions of the 866.3 and 702.4 keV transitions
suggest a spin = —, , while the angular distribution data
strongly favor a —", spin assignment.

A very weak 617.2 keV line appears in the 866.3 keV
gated spectrum and may deexcite the —, , 657.1 keV level

to the isomeric —, state. Our data on the 617.2 keV tran-
sition are consistent with an —', spin assignment to the lev-

el at 657.1 keV, and its weakness shows that a precise
trend exists in these nuclei since in ' 'Rh no —, to —,

transition was observed.
The strong 894.6-727.7 keV coincidence establishes a

level at 1715.3 keV. A —,
'

spin assignment is strongly
favored by the excitation function data (Fig. 6) and the
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predominantly quadrupole nature of the 894.6 keV transi-
tion.

6. 2194.9 and 2736.3 keV levels

We can say little about the level at 2194.9 keV which is
based on the weak 846.0-691.8 keV coincidence. The gat-
ed spectrum of the 1021.0 keV transition shows weak
coincident lines at 894.6 and 727.7 keV, suggesting a level

at 2763.3 keV. Its excitation function (Fig. 6) and angular
distribution strongly favor a —", spin assignment.

III. DISCUSSION AND CONCLUSION

The Rh nucleus, with five protons outside the semi-
closed shell of 40 protons and only two neutrons outside
the magic shell of 50 neutrons, could be expected to be
largely characterized by shell model wave functions
and/or by the phonon-coupling model. Indeed, shell
model calculations have been reported for Rh (N =SO,
Ref. 15), and good agreement between experiment and
theory was achieved for the level energies and spins.
However, no such calculations have yet been reported for

Rh. From a cursory inspection of the present data on

O. I—
FIG. 6. Relative excitation functions of transitions in ' Rh.

The yields of transitions from levels with probable negative pari-
ty are normalized to that of the 357.6 keV line, while the yields
of transitions deexicting probable positive parity levels are nor-
malized to that of the 727.7 keV gamma ray.

Rh and Rh, ' it appears clear that both nuclei have
some similarities which differentiate them from the other
more neutron-rich Rh nuclei. For instance, both Rh and

Rh have —, ground states, whereas from Rh to ' Rh9+

the ground state is —,
' and becomes —, in ' Rh. More-

over, both nuclei are characterized by a strongly excited
state and the apparent absence of a strong negative-13 +

parity band. In evaluating our data on Rh, however, we
are hindered by the lack of unambiguous spin assignments
to the levels above the —, , 857.6 keV state and our dis-

cussion must be somewhat speculative. The position of
the —", state fits in well with the level systematics of the

states in the odd mass Rh nuclei' *' and lies close to
the 2+ state at 832.3 keV in Ru. A —", level at 1553.1
keV would also fit in well, lying close to the 4+ state in

Ru at 1516.9 keV. A —, assignment to the level at
1463.0 keV would be surprising. In the isotone Tc the

state is observed above the —, state, as it is in Tc
and Tc. This level ordering is reversed in ' 'Rh (Ref. 2)

and probably also in Tc. No —", state has been ob-

served in Rh. We can say little on the higher lying lev-
els in Rh, and clearly, additional experimental work is
needed.

From the available experimental data clear patterns
seem to emerge in the mass region 3 around 100. For in-

stance, in the even-even X =54, 56, and 58 isotones, the
energy of the first excited 2+ state shows a minimum at
around Z =45, while the ratios of the energies of the first
4+ and 2+ states show a maximum around the same
value. This might reflect some movement away from a
spherical shape between Z =40 and 50. For X =60, how-
ever, there is no minimum in the 2+ excitation energy be-
tween Z =40 and 50 whereas the 4+ to 2+ ratio of ener-

gies shows large variations with Z, with the maximum ap-
proaching the pure rotor value. This may be suggestive of
a move to a deformed shape at N =60. A similar pattern
should also be present in the odd-even nuclei of Tc
(Z =43) and Rh (Z=4S) with the turning points at

Tc and ' ' Rh (N = 58 and 60, respectively).
Indeed, De Gelder et al. have proposed the onset of a
stable quadrupole deformation at N =58 and 60 for the
Tc isotopes. Their calculations, based on the interacting
boson-fermion model (IBFM), reproduce very well the
5+ 7+

, and —, level ordering that they observed in9 +

Tc via the ' Ru(d, He) reaction. Together with the
11 +

and —, states, these levels would then form a13 +

rotational-like band. Clearly a similar structure should be
observable in ' Rh. However, the available data on ' Rh
(Ref. 1) and the present results on ' Rh are not conducive
to a similar interpretation. The level structure of ' Rh,
as unveiled in this study, fits in well with the level sys-
tematics of the other odd-mass Rh nuclei. ' The splitting
between the —, and —, states and the —, and17 + 15 + 13 +
11+ states is slightly larger in ' Rh than in ' 'Rh. How-

ever, the positions of these levels in ' 3Rh lie close to the
observed states in ' 'Rh. Furthermore, the —',

15 + 17 +
, and —, level energies in Rh do not seem substan-105

tially lower, and while the ground state of ' Rh is —', , no



2342 G. KAJRYS, S. LANDSBERGER, AND S. MONARO 28

close-lying —', level has yet been reported. (The lowest
observed —, state is at 499 keV. ) Strangely enough, a —,

ground state has been proposed' for ' Rh, about which
very little is presently known. Clearly all this seems to in-
dicate that there is no sudden move to a deformed shape
in the ' ' Rh nuclei. This is also suggested by the avail-
able data on the negative-partty band structure. The posi-
tions of the —,', —, , and —", states show little move-
ment between Rh and ' Rh, while the —, , —, doublet
of states shows only a very small splitting suggestive more
of a vibrational weak-coupling picture where negative par-
ity states arise from the coupling of a 2p&&2 proton (or
hole) to the phonon excitation states of the core. No de-
tailed calculations in this framework have been carried out
for the odd-mass Rh nuclei. The very same model is only
moderately successful in describing the odd-even Tc nu-
clei."

Calculations in the vibrational limit [SU(5)] of the
IBFM are beginning to be performed in this region with
encouraging results. The work of De Gelder et al. was
already mentioned above in connection with ' Tc and the
onset of deformation at N =S8 and 60. Kaup et al. '

have obtained very good agreement with experiment for
the positive-parity states in Tc, Ag, and Ag. The
calculations done by these authors coupled one odd proton
in the g9~2 particle state to the boson core. Vervier and
Janssens' couple a @~~2 proton to a ' Ru boson core and
reproduce very well the low-lying —,', —,

' doublet of
states and the —, , —, , —, , and —, excited states in

Rh. It would be interesting to have similar calculations
carried out in a systematic manner also for the other odd-
mass Rh and Tc nuclei. Even if enough experimental data
are now available on these nuclei to spur a deeper and
more systematic development of such calculations, it is
felt that additional experimental work is still needed for a
better understanding of the nuclear structure of the
neutron-rich Tc and Rh isotopes.
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