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Levels in Pd populated by the Ru(a, n) and ( Li,p2n) reactions
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The structure of Pd has been investigated via the Ru(a, n) and Ru( Li,p2n) reactions in an at-
tempt to populate low- and high-spin levels of this nucleus. Excitation functions and angular distri-
butions of deexcitation y rays have been measured to determine the spins of the levels deduced in
y-y coincidence measurements carried out at 18 MeV (a particles) and 38 MeV ( Li particles), re-
spectively. Several new excited levels are found in the present measurements and the results show
that the level structure of Pd bears a strong resemblance to that of the isotone Ru. It appears
also that Pd may fit nicely into the systematics evinced in the heavier odd-A Pd nuclei.

I. INTRODUCTION

Strongly populated cascades of stretched E2 transi-
tions have been found in the odd-A palladium and
ruthenium isotopes. ' These cascades appear to be built
on relatively pure single-particle states such as d5&2, g7&2,
and h»&2 and can be interpreted as decoupled bands.
The existence of these bands may be indicative that the
odd- A Ru and Pd isotopes are weakly deformed rotation-
al nuclei and thus can be described by a particle-rotor
model. Indeed, this picture seems to be valid for the
neutron-rich isotopes of this region ' but it appears less
applicable to the neutron-deficient nuclei Ru and

Ru. ' Evidently the approaching of the magic neutron
number %=50 enhances the shell effects in these nuclei
making their excitation modes more complex. The Pd
(N =53) nucleus should provide an unusual opportunity
of observing the effects due to the presence of few neu-
trons above the closed %=50 shell. Prior to the present
work the excited states of Pd have not been investigated
very extensively. An initial study via (HI, xn) experi-
ments' seemed to indicate that the structure of this nu-
cleus had very little in common with that observed in

Pd. ' However, subsequent work" ' showed
that a large part of the structure evinced in Pd could
only be assigned to Rh and that only the band built on
the g7&2 state at 264 KeV could be considered as belong-
ing to Pd.

The low-spin states of Pd following the EC-P+ decay
of Ag have been studied by Huyse et al. ' who suggest-
ed the spins of some low-lying levels. In this work we
wish to present the results of an investigation of the low-
and high-spin states in Pd populated via the Ru(a, n)
and Ru( Li, p2n) reactions, respectively.

II. EXPERIMENTAL PROCEDURE

The in-beam y-ray spectroscopy measurements on Pd
were performed at two different accelerators. The first
experiment was done at the University of Montreal EN

Tandem accelerator where low- and medium-spin states
of Pd were populated via the Ru(a, n) reaction using a

Ru target (98% enriched and —10 mg/cm thick) sin-
tered on a thick tantalum backing. Excitation functions
were measured at 12, 15, 16, 17, and 18 MeV bombarding
energy using a Ge(Li) counter having a resolution of 2.1

keV at 1.33 MeV and placed at 15 cm from the target at
45' to the beam direction. The same detector was em-
ployed to carry out the angular distribution measure-
ments at 18 MeV bombarding energy. The detector was
placed at 25 cm from the target and positioned succes-
sively at 15' intervals between 0' and 90' to the beam
direction. A current integrator together with another
Ge(Li) detector placed at —90' to the beam direction
served as normalization monitors. y-y coincidence mea-
surements were performed using two Ge(Li) detectors
having a resolution of about 2 keV and placed at 90' and
—55' to the beam direction. Standard timing techniques
were employed with a time resolution of —15 ns. The
coincidence data were event-mode recorded onto magnet-
ic tapes for subsequent playback and analysis.

The second experiment was performed at the Universi-
ty of McMaster FN Tandem accelerator where medium-
and high-spin states of Pd were populated via the

Ru( Li,p2n) reaction using the same target described
above. An array of 5 HPGe detectors and 6 NaI
counters were used to collect the y-y coincidence infor-
mation which was obtained at a beam energy of 38 MeV.
The 5 HPGe detectors were placed in a horizontal plane
at 5', 22', 45', 67', and 100 to the beam direction,
whereas the NaI counters were located at the back,
below, and above the diffusion chamber and were used as
y-ray multiplicity filters. The accepted events, which
consisted of at least 3 Ge detectors or 2 Ge detectors and
1 NaI firing, were recorded onto magnetic tapes and con-
structed into a 4096X4096 channel coincidence matrix.
From this matrix, one-dimensional spectra for any gated
y-ray energy could be subsequently extracted. An angu-
lar distribution experiment was also carried out at 38
MeV bombarding energy using the 5 HPGe detectors gat-
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TABLE I. A summary of level energies, y-ray energies, relative intensities, and angular distribution
results obtained in this work for Pd.

E„{keV)
Relative'

E (keV) intensity (%) 2 A4'

0.0
219.6
263.8
463.3

555.2
686.6

815.3

832.5

1069.9
1102.3

1182.2

1419.8
1468.5

1540.5

1649.5

1696.4

1718.8
1853.3

2006.6
2017.8

2062.5
214S.7
2205.7
2269.0

2426.0

2481.6
2508.9"

2600.6
2740.0

219.6
263.8'

243.5
463.3
335.6
422.9
467.1

686.6
551.5'

595.6'

815.3
568.7
832.5'

806.1

287.0
838.5

1102.3
962.7

1182.1
1156.0'
398.6'

636.0
653.2'

1204.7
725.2(10)
853.8

1276.7
579.7
817.0
863.9

1432.6
648.9
384.6'

751.0
1174.1
947.9

1185.3
1230.0
1076.0
486.9
728.5

1436.5
707.4

1356.5
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832.0'
859.6
881.8

1022.0'

86.9(40)

9.5(9)
40.6(25)

13.0(11)
3.5(5)

10.1(10)
65.0(45)

116.0{70)
75.1(55)

100.0
6.1(6)

28.1(20)

37.4(25)
14.4(9)
9.5(9)

20.6(12)

23.2(9)
13.2{10)
15.1(18)
21.8(9)
10.2(8)
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9.6(8)

13.2(10)
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14.5{9)
32.9(14)
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13.1(9)
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2
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2 3
5+
2
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2
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2
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2
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29+ 7+

2 2
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2 2
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TABLE I. (Continued).

E„(keV) E~ (keV)
Relative'

intensity (%%uo) J;"~Jf A '
2 A4'

3306.0
3512.0'

3516.4
3572.4
4005.4
4519 7

705.4
911.4

916.0
972.0'
493.4

1007.7

92.5(95)
100

49.5(75)

88.0(99)
17.8(25)

23 + 19 +
2 2

(—)~—
2 2

19 +
2

25 + 23 +
2 2

27 + 23 +
2 2

—0.225(45)

0.395(60)
0.005(55)

—0.105(70)

0.385(70) —0.095(80)
0.410(50) —0.110(60)

'The intensity values have been measured at an alpha beam energy of 18 MeV. Uncertainties in the
least significant figures are indicated in parentheses.
Rose and Brink convention (Ref. 17).

'Doublet.
The intensities of the y rays deexciting these levels have been measured via the Ru( Li,p2n) reaction

at 38 MeV. The intensity values have been normalized to that of the 911.4 keV transition. The contri-
bution coming from Rh produced via the Ru( Li,2pn) reaction has been taken into account in deter-
mining the intensity values of the 493.4 and 859.6 keV y rays.

tion data on the 219.6 keV transition supports a —', spin

assignment which is consistent with its isotropic angular
distribution.

The 263.8 keV y-ray deexciting the 263.8 keV level is a
composite transition (from the decay of 9pd to Rh)
thus its angular distribution and excitation function data
are of limited use. The —', + assignment is adopted here
since it fits well with data on y-rays populating this state
and it is also strongly supported by systematic considera-
tions. The ground and second excited states of Pd have,
most probably, a 2d&&z and 1g7/Q configuration, respec-
tively, whereas the —,'+, 219.6 keV level, which seems to
have very little interaction with the main structure of

Pd, has probably a more complex configuration in
agreement with similar levels observed in many nuclei of
this mass region.

B. The 463.3, 555.2, and 686.6 keV levels

The 463.3 and 686.6 keV levels were already observed
in the decay of Ag (Ref. 14) while the 555.2 keV state is
new. The excitation function data on the 243.5 and 463.3
keV y-rays deexciting the 463.3 keV state suggest a spin
of —, which is consistent with the isotropic angular distri-
bution of the 463.3 keV transition. The coincidence be-
tween the 335.6 keV transition and the 219.6 keV y ray
supports the existence of the 555.2 keV level on which
very little can be said since the 335.6 keV y ray is very
weak even though its yield curve suggests a spin of —,

' or
The excitation function data on the 467.1 and 686.6

keV y rays deexciting the 686.6 keV level suggest a —,
'

spin assignment to this state, which is supported by their
angular distributions. A weak 422.9 keV transition de-
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caying to the 219.6 keV level seems present in the coin-
cidence data. From the decay mode of this level a posi-
tive parity seems very probable.

C. The 815.3 and 832.5 keV levels

An intense 815.3 keV line in the singles and coin-
cidence spectra confirm the existence of the 815.3 keV
level already observed in decay work. ' A spin of —,'is
strongly favored from the excitation and angular distri-
bution data on the 815.3 keV y ray. Transitions of 551.5
and 595.6 keV also deexcite this level but very little infor-
mation can be extracted from them since the former y
ray is a doublet and the latter is difficult to analyze being
contaminated by the 596 keV transition coming from the
(n, n'y) reaction on Ge. From the decay mode of the
815.3 keV state a positive parity is very probable.

The 832.5 keV state was already detected in the decay
of Ag (Ref. 14) and is confirmed in this work via coin-
cidence data. A —,'+ spin-parity assignment is strongly
suggested by the excitation function and angular distribu-
tion data on the 568.7 keV transition populating the —', +,
263.8 keV state. No information can be extracted from
the 832.5 keV y ray, this transition being a doublet, a
large fraction of which comes from the Coulomb excita-
tion of the first excited state in Ru. ' However, a —', +

assignment is indirectly suggested from data on y rays
populating this state. We cannot confirm the existence of
a 816.1 keV level proprosed by Huyse et al. ' since we
have no evidence for this state.

D. The 1069.9, 1102.3, 1182.2, and 1419.8 keV levels

An intense transition of 806.1 keV deexcites the 1069.9
keV level. A spin of —", is strongly supported by the exci-
tation function of the 806.1 keV y ray which agrees with
its characteristic 5J=2 angular distribution. The —"+

2

1069.9 keV level belongs to the band built on the g7/Q
263.8 keV state already observed in previous works, '

and strongly excited up to the spin of —", + in this study
via the ( Li,p2n) reaction. The 1102.3 and 1182.2 keV
levels were already observed in the decay of Ag and a
—', + spin assignment was suggested for the 1182.2 keV
state. However, our excitation function and angular dis-
tribution data support a —', + assignment to the 1102.3 keV
level and a —,

'+ for the 1182.2 keV state. The 1419.8 keV
level is evinced via the (263.8 —1156.0) keV weak coin-
cidence. No spin assignment can be given on this state
since the 1156.0 keV y ray is a doublet. It should be
mentioned that the same level was possibly detected in
decay work' but at 1423.5 keV.

E. The 1468.5, 1540.5, 1649.5, and 1696.4 keV levels

These levels were already observed in the decay of Ag
(Ref. 14) and only for the 1696.4 keV state a spin parity

of —,'+ was proposed. The 1468.5 keV level is deexcited
by the 398.6, 636.0, 653.2, and 1204.7 keV y rays. The
398.6 and 653.2 keV transitions are doublets and no in-
formation could be extracted from them. However, the
excitation functions and angular distributions of the oth-
er two y rays strongly suggest a —", spin assignment to
this level, whose parity is probably positive from its de-
cay mode. Spin-parity assignments of —', + and —", + to the
1540.5 and 1649.5 keV levels, respectively, are suggested
from our data. The 1649.5 keV state seems to belong to
the d&&z band which is strongly excited in the present
work via the ( Li,p2n) reaction.

Finally, a —, spin is assigned to the 1696.4 keV level in

disagreement with the —', + value proposed by Huyse
et al. ' We have no evidence either in the singles spectra
or in the coincidence data for the 1476.3 keV y ray which
those authors placed as decaying to the —', +, 219.6 keV
level. The characteristic hJ =0 and hJ =1 angular dis-
tributions of the 863.9 and 1432.6 keV transitions, respec-
tively (see Table I) strongly support the —', spin assignment

to the 1696.4 keV state, whose parity should be positive
from its decay mode.

F. The 1718.8, 1853.3, and 2006.6 keV levels

An intense transition of 648.9 keV deexcites the 1718.8
keV level ~ A spin of —", is strongly supported from its ex-
citation function which is consistent with its AJ =2
characteristic angular distribution. The —", +, 1718.8 keV
level belongs to the strong cascade built on the g~yp 263.8
keV state in agreement with previous studies. ' ' The
1853.3 and 2006.6 keV levels are weakly excited in the
present work. However, a spin of —', is strongly supported
by the excitation function of the 751.0 keV y ray deexcit-
ing the 1853.3 keV level which is consistent with its
EJ=O characteristic angular distribution. No inforrna-
tion on the 1853.3 keV level can be extracted from the
384.6 keV y ray populating the —", +, 1468.5 keV state
since this transition is a doublet in the singles spectrum.
The data on the weak 1174.1 keV y ray deexciting the
2006.6 keV state to the —', +, 1102.3 keV level supports a —',
spin assignment to the former level even though a spin
value of —,'cannot be discarded from its excitation func-
tion.

G. The 2017.8, 2062.5, and 2145.7 keV levels

The first two levels are proposed here for the first time
while the third level seems to have been excited also in
the Ag decay. ' The (1185.3-832.5) and (947.9-806.1-
263.8) keV coincidences suggest the existence of the
2017.8 keV level while the 2062.5 and 2145.7 keV states
are based exclusively on the (1230.0-832.5) and (1076.0-
806.1-263.8) keV coincidences, respectively. However,
since the former coincidence is detected only in the
( Li,p2n) reaction and no results can be extracted from
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the angular distribution and excitation function data on
the 1230.0 keV transition, we leave the 2062.5 keV level
as dotted in the decay scheme. The other two states are
detected more strongly in the (a,n) reaction and the exci-

tation function and angular distribution data on the y
rays deexciting them suggest spin assignments of —", . Ei-
ther one of these two states could be the h»zz level ex-
pected at about 2 Mev in Pd as shown in Fig. 6 where
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1356.5 keV y rays deexciting the 2426.0 keV level suggest
a —", + spin-parity assignment. The 2269.0 keV level is in-

ferred by the (1436.5-832.5) and (728.5-1276.7) keV coin-
cidences. The angular distribution and excitation func-
tion data on the 728 ~ 5 and 1436.5 keV transitions support
a J=—,'spin assignment to the 2269.0 keV level whose

parity is probably positive from its decay mode.

I. The 2437.3, 2481.6, 2508.9, and 2600.6 keV levels
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FIG. 6. The '2' bandhead energies for odd-A Mo, Ru, and

Pd nuclei plotted as a function of the neutron number N. The
data on the Mo isotopes have been taken from Ref. 18. The
data on the Ru isotopes have been taken from Refs. 4-6 and the
data from the Pd isotopes have been taken from Refs. 1-3 and
20( Pd).

H. The 2205.7, 2269.0, and 2426.0 keV levels

All these levels have been established via both the (a,n)
and ( Li,p2n) reaction. The data on the 486.9 keV transi-
tion deexciting the 2205.7 keV state would support a —", +

spin-parity assignment while the data on the 707.4 and

the known —", bandhead energies in the odd-A Pd, Ru,
and Mo isotones are plotted as a function of the neutron
number N.

The 2017.8 keV level has been chosen in Fig. 6 as the
more probable —", state in Pd since its decay charac-
teristics are very similar to those displayed by the same
levels in the Mo (Ref. 18) and Ru (Refs. 6 and 9) iso-
tones and in ' 'Pd (Ref. 1) and ' Pd. Clearly the h»&2
state is weakly excited in Pd and no band built on it has
been observed, whereas —", ~—", transitions have been
detected in Mo (Ref. 18) and Ru. '

A 718.7 keV transition is seen in coincidence with the
(648.9-806.1-263.8) keV cascade establishing a level at
2437.3 keV. However, the 718.7 keV y ray is an un-

resolved doublet in the singles spectrum and no informa-
tion can be extracted from it. For the same reason no
spin-parity assignment can be given for the 2481.6 keV
level deexcited by a 832.0 keV transition (see 832.5 keV
state). The 2508.9 keV level, which is essentially excited
in the ( Li,p2n) reaction, is based exclusively on the
(859.6-817.0) and (859.6-579.7) keV coincidences with the
817.0 and 579.7 keV y rays deexciting the —", + 1649.5
keV state. The excitation function and angular distribu-
tion data on the 859.6 keV transition support a —",

+ spin-

parity assignment to the 2508.9 keV level which is prob-
ably the —", + member of the band built on the d5/2
ground state. The 2600.6 keV level is deexcited by an in-

tense 881.8 keV transition whose characteristics strongly
suggest a spin of —", + for the 2600.6 keV state in agree-
ment with previous studies. '

J. The 2740.0, 3306.0, 3512.0, 3516.4, 3572.4,
4005.4, and 4519.7 keV levels

All these levels are established only via the ( Li,p2n)
reaction. The levels at 2740.0 and 3572.4 keV are left as
dotted in the decay scheme (see Fig. 4) since these two
states are determined only by weak coincidences, and the
1022.0 and 972.0 keV transitions deexciting them are un-
resolved doublets in the singles spectrum. The 3306.0,
3512.0, and 3516.4 keV levels are proposed via coin-
cidence measurements since the 705.4, 911.4, and 916.0
keV y rays deexciting them are seen in coincidence with
the transitions belonging to the band built on the 263.8
keV g7/2 state. The excitation function and angular dis-
tribution data on the 705.4, 911.4, and 916.0 keV transi-
tions suggest spins of —", , —", , and —", , respectively, with

probable positive parity. The —", + spin-parity assignment
to the 3512.0 keV level is in agreement with previous
studies. ' '" Relatively intense lines of 493.4 and 1007.7
keV are seen in coincidence with the y rays which deex-
cite the levels belonging to the g7/2 band. From our data,
spin parity of —", + and —", + are suggested for the 4005.4
and 4519.7 keV levels, respectively. The existence of the
former level was also established by Piel and Scharff-
Goldhaber" who, however, did not propose any spin as-
signment.
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IV. DISCUSSION

A spectroscopy study of Pd has been made via the
Ru(a, n) and Ru( Li,p2n) reactions to improve the

knowledge of its level structure. The most important
finding of the present work is the assessment in this nu-
cleus of yrast cascades built on the d5i2 and g7/2 ground
and second excited state, respectively. The finding of the
high-spin cascade built on the 263.8 keV —,

' + level

definitely confirms its existence' ' while the other yrast
cascade is reported here for the first time. Moreover,
"unfavored, " or less aligned states, which probably be-
long to either cascade, have also been detected together
with many more levels whose origin is less clear. Similar
positive-parity bands together with a negative-parity
band built on the h»i2 state have been also found in

many other nuclei around the A =100 region, ' and
their existence has been well explained in terms of a
slightly modified rotation-aligned coupling model. ' The
same picture, however, should be taken with caution in
the case of Pd since its level structure could be ex-
plained also by the quasiparticle phonon-coupling model.
Such a possibility was already considered for the Ru
isotone whose structure bears an amazing resemblance
with that of Pd (Refs. 6 and 9) (see below). In fact,
since specific theoretical calculations on Pd are practi-
cally nonexistent, it would be worthwhile to compare the
present results with those found in the isotone Ru and
also in the adjacent odd-A Pd nuclei with particular em-
phasis on ' 'Pd. If one considers the palladium isotopes
starting from ' Pd (Refs. I —3) to Pd, it is immediately
clear that the band built on the gzi2 state is more and

TABLE II. Partial comparison of the decay properties of low lying levels in 'Ru, Pd, and ' 'Pd.

E„(leV)

1199.3

1069.9

938.9

1229.6

1102.3

1199.3

2020.3

NFb

2041.9

840.2

815.3

588.0

879.1

832.5

667.4

1619.9

Er (keV)

320.2
777.6
NFb

806.1

271.4
678.8
350.5
389.4
807.9

1229.6
NF
287.0
838.5

1102.3
531.8
611.3
938.6

1199.3
400.4
821.0'

841.8
1102.3
418.5
840.2
551.5'

815.3
327.2
588.0
457.4
879.1

568.7
832.5
406.6
667.4
NFb

J; ~Jf
(g7/2) ~ 2 (ds/2)

(g7/2 ) 2 (ds/2 )

(g7/2 )

'2' +(g7/z ) 2 +(ds/z )

—,'+(g 7/2 )

2+(g7/z ) -', +(ds/z )

(ds/2 )

2 (g7/2 )

—,'+(ds/2 )

2+(ds/2)
—,'+(d, )

2+(ds/z )

(ds/2 )

—,'+(d, /2)

—'+(d /2)

(g7/2 ) 2 ( 5/2 )
11 +(g

13 +(g )

( g 7/2 ) (g 7/2 )

11 +(g

2 +(ds/2 ) 2 +(g7/2 )

—'+(d
/ )

(ds/2 ) 2 (g7/2 )

(d5/2 )

~
2 +(ds/2 )

2 +(ds/2 ) 2 (g7/2 )

(d5/2 )

(d5/2 ) 2 (g7/2 )

—+
(ds/2 )

(d5/2 ) 2 (g7/2 )

(d5/2 )

2 (dq/2 )
2 (g7/2 )

2 3+o.s

E2

E2
0.05 ( (0.13

E2

M1
—3. 1+1 3

E2

M1
9+1.0

E2

E2

E2

1.4+0.3

1.4+0.4

0.7+0.3
1.5+0.5
E2

—1.1+0.5
E2
M1
E2

Isotope'

97
97
97
99

101

101

97
97
97
97
99
99
99
99

101

101

101

101

97
97
99

101

101

97
97
99
99

101

101

97
97
99
99

101

101

97



1940 J. DUBUC et al. 37

TABLE II. (Continued).

E„(keV) E~ (keV) J;"~Jf Isotope'

1468.5

1265.5

1826.1

1649.5

1403.8

740.8
779.7

1198.2
398.6'

636.0
653.2'

1204.7
327.0
598.1

677.5
1004.7

NFb

NF
NF
947.0
NFb

NFb

579.7
817.0
138.3
NFb

465.0
736.4

+(ds/2

(d 5/2

(d s/2

(d s/2

—", +(dsr2

—,+(d r )

~ 2+(ds/2)- .(.."}
(g7/2 )

(d5/2 )

(d5/2 )

~-,''(g»2)
) —", +(g, )

(d5/2 )

—', +(

(g, )
11 +(d

-', +(g r )
ll +(g )

(ds/2 )

'2' +(dsr2 )

11 +(g

(ds/2)
) —", +(d, r, )

—', +(g / )
11 +(g

(d5/2 )

1.7+0.2
E2
E2

0 7+08—0.6

E2
E2

0.5+0.2
E2

0.8+"—1.0

E2

M1
E2

97
97
97
99
99
99
99

101

101

101

101

97
97
97
97
99
99
99
99

101

101

101

101

'Only the levels up to —",
+ and belonging to the supposed g»2 and ds/2 bands have been considered in

this table. The data have been taken from Ref. 6 ("Ru), Refs. 1, 21, 22 (' 'Pd), and this work ( Pd).
Not found (NF).

'Doublet.

more strongly populated with decreasing neutron number
to become the main band sequence in Pd. On the other
hand, a AJ=1 band on the d5&2 ground state was ob-
served in ' Pd. Such a band has no counterpart in the
lighter Pd nuclei where EJ=2 bands built on the d»z

ground state are instead detected. This structure be-
comes the main band sequence in ' 'Pd and is also
strongly excited in Pd. Similar characteristics have also
been unveiled in the neighboring odd-A Ru nuclei.

To have a better understanding of the different, or
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FIG. 7. A comparison of partial level structures of Ru, Pd, and ' 'Pd. The data on Ru have been taken from Ref. 6. The date
on ' 'Pd have been taken from Refs. 1 and 21 with the exception of the —+ and —', + levels at 1199.3 and 2041.1 keV, respectively.
These two states have been found in a work carried out recently in this laboratory (Ref. 22).
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similar patterns existing in the isotones Pd and Ru
(N =53) and between Pd and ' 'Pd (N =55), partial lev-
el schemes of these three nuclei are shown in Fig. 7 and
their deexcitation features are summarized in Table II.
With the exception of the absence of the unfavored —",

+

state in the g7&2 band ( Pd) and the energy break in the
—", +~ —",

+ transition of the same band ( Pd), the level se-

quence and the decay characteristics of both bands in
Pd and ' 'Pd are very similar. For instance, the un-

favored states in the ds/2 bands have been found at lower
energy than the corresponding "favored" states, whereas
the opposite is true in the g7/2 bands. Furthermore,
several transitions connect the two main positive-parity
bands in both nuclei, showing that some mixture of the
g 7/2 and d, /z single-particle configurations exists. This
mixture, however, is stronger in Pd than in ' 'Pd since
considering in more detail these branchings, it is immedi-
ately clear that the interband transitions are weak in
' 'Pd and their E2 jM1 mixing ratios are small, whereas
the same transitions are strong in Pd and their E2/M 1

mixing ratios become large. On the other hand, the in-

traband transitions are strong in both nuclei and their
E2,/M1 mixing ratios are large as well. The above

features have been well explained for 'o'Pd (Refs. 7 and
20) by a rotational model with a Coriolis coupling at in-
termediate deformation, and the same model may be
applicable also to Pd. However, a larger mixing of the
g7/2 and d 5/2 single particle configurations should be
considered in this nucleus.

Very similar patterns exist also in the Ru and Pd
isotones as can be seen by an inspection of the data
presented in Fig. 7 and Table II. Actually the one to one
level correspondence in these two nuclei below the excita-
tion energy of 2 MeV is remarkable (see this work and
Ref. 6), and seems to show that they belong to a class of
nuclei which display similar collective and shell model
properties.

Finally, another significant characteristic of Pd as
well as of Ru is the high density of their low-lying levels
compared to that existing in the other isotones (N =53)

Zr and Mo. ' Clearly the increasing proton number
plays an important role in Tu and Pd making these
nuclei more susceptible to collective motions and thus
more similar in their features to the richer neutron nuclei
of this transitional region.
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