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102Pd: An E„5… nucleus?
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In this paper states in102Pd populated in thee/b1 decay of102Ag, produced in the89Y( 16O,3n) reaction,
were studied with high efficiency Ge detectors. The level scheme of102Pd is in good overall agreement with
the predictions of the E~5! critical point symmetry, with the exception of the 02

1 state, which may be of intruder
character.
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I. INTRODUCTION

Nuclear collectivity is often described in the context of
harmonic vibrator@1#, a deformed symmetric rotor@2#, and
g-unstable@3# models, which constitute a set of idealize
limits. These three limits have been codified in the fram
work of the interacting boson approximation~IBA ! model
@4# in terms of the U~5!, SU~3!, and O~6! dynamical symme-
tries, respectively. Figure 1 shows Casten’s triangle for
IBA where each vertex represents one of the three sym
tries mentioned above, and the legs denote regions in w
the structure undergoes a transition from one limit to anot
There are few nuclei close to the dynamical symmetry lim
but the vast majority are transitional and must, therefore
described by numerical diagonalizations of a multiparame
Hamiltonian. It was shown in Ref.@5#, using the intrinsic
state formalism of the IBA, that there are phase/shape t
sitions in the evolution of nuclear shapes from spherica
deformed. Of course, phase transitional behavior in fin
nuclei will be muted compared to infinite systems. Nevert
less, recently, Iachello introduced new dynamical symmet
at the critical point of such phase transitions: E~5! for a tran-
sition between spherical and deformedg-soft nuclei@6# and
X~5! for a transition between spherical and axially deform
nuclei @7#. His approach was based on analytic solutions
the differential equation for a geometric~Bohr! Hamiltonian
with a flat-bottomed potential in the quadrupole deformati
The E~5! symmetry can be used to describe nuclei that ar
the critical point of the U~5!-O~6! transition and134Ba has
been found to be close to this symmetry@8#. The X~5! sym-
metry is exemplified by152Sm @9#, 150Nd @10#, and possibly
otherN590 isotones.

The Pd isotopes are another typical example of U~5!-O~6!
transitional nuclei. In fact, they were successfully reprodu
in terms of a transition from U~5! to O~6! in the framework
of IBA-1 @11,12# or IBA-2 @13–15#. They were also calcu
lated by Pan and Draayer@16# with a parametrized exac
solution for the U~5!-O~6! transition within the SU~1,1! al-
gebra. The positive parity excitation spectra of light Pd is
0556-2813/2002/65~4!/044325~8!/$20.00 65 0443
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topes were also successfully reproduced by adding qua
anharmonicities to an O~5! Hamiltonian @17#. All these re-
sults suggest that102Pd is located in the middle of the tran
sition from U~5! to O~6!, potentially very close to the critica
point of the shape/phase transition, and is, therefore, a v
good candidate for the recently introduced E~5! symmetry.

The goal of this work is to measure with high accura
the intensities of the transitions depopulating the member
potential multiphonon states in102Pd and to compare thei
level scheme with the E~5! predictions.

II. EXPERIMENT

The low-lying nonyrast states of102Pd were populated in
the e/b1 decay of the 51 (T1/2512.9 min) ground state o
102Ag and studied throughg-ray spectroscopy at the Yal
Moving Tape Collector@18#. The parent nuclei were pro
duced through the89Y( 16O,3n) reaction. A 5-mg/cm2 target
on a 2-mg/cm2 Au backing, facing the beam, was bom
barded with a 20 pnA, 75-MeV16O beam provided by the
ESTU Tandem at WNSL at Yale University. The recoil pro
ucts were collected on a 16-mm-wide aluminiz

FIG. 1. Casten’s symmetry triangle with the new critical po
solutions E~5! and X~5! @6,7#. The labels at the vertices are those
the dynamical symmetries of the IBA, denoting subchain decom
sitions of U~6!, while E~5! and X~5! label solutions to particular
geometric potentials in a differential operator Hamiltonian.
©2002 The American Physical Society25-1
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Kapton tape and transported to a low background coun
area.

In order to stop the primary beam and to prevent burn
the tape, a plug technique@18#, sketched in Fig. 2~top!, was
used. The target was located behind a set of two collima
that define a 3-mm-diameter beam spot. The unreacted
mary beam particles were stopped on the 3-mm-diam
plug, positioned;6 cm behind the target and in front of th
tape. In contrast, most fusion evaporation products byp
the plug and were collected on the Kapton tape positio
;7 cm behind the target. In this geometry the collecti
angles for the reaction products were between;1.5° and
;6.5°, corresponding to the maximum yield for the resid
nuclei. This simple geometric arrangement suppressed m
than 99% of the primary beam while;80% of the residual
nuclei were deposited on the tape~see Fig. 2, bottom! and
transported in front of the detectors. The sequencing of
tape movements was 20 min in order to enhance the yield
102Pd ~given the 12.9 min half-life for the ground state
102Ag).

Theg rays were detected with an array consisting of th
Compton-suppressed segmented Clover HPGe detectors
one LEPS detector in close geometry, with a total photop
efficiency of;2% at 1.33 MeV.g-ray singles andg-g co-
incidence data were simultaneously acquired in event mo
A singles spectrum is shown in Fig. 3~a! and ag-g spectrum,
gated on the 556-keV 21

1→01
1 transition, is shown in Fig.

3~b!. The energy range of the spectrum was limited
Eg

max;2.3 MeV.
Table I lists theg rays observed in this work and, base

on g-g coincidences, placed in the level scheme of102Pd.

FIG. 2. Top: Schematic design of the plug technique at the Y
Moving Tape Collector. Bottom: Angular distribution of the102Ag
product in the present experiment according to statistical mo
~code PACE! @19# calculations. Those residual nuclei from th
89Y( 16O,3n) reaction, scattered at angles between;1.5° and
;6.5°, are collected on the tape for transport to the counting a
04432
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Figure 4 shows the level scheme as deduced in this wor
As specified in Table I, there are a fewg transitions that

are reported for the first time. Here we discuss only tho
that are important for the lowest quadrupole multiphon
structure of this nucleus.

~1! The 31
1 state at 2112 keV was reported previously

decay only through the 1555-keV transition to the 21
1 state

@20#. Two additional transitions of 577 and 836 keV we
observed to populate the 22

1 and 41
1 states, respectively. Th

experimental relativeB(E2) values ~with the assumption
that the transitions have a pureE2 character! for the transi-
tions from this state to the 41

1 , 22
1 , and 21

1 states are in the
ratio 1:7~4!:0.4~2!. This decay pattern is consistent with th
interpretation of this state as a three-phonon vibrational st

~2! The transition of 964 keV deexciting the state at 30
keV with spins 41,51,61 was found to be a doublet:g-g
coincidence data revealed that there are, in fact, two tra
tions of 963.3 keV and 964.2 keV to the 31

1 and 61
1 states,

respectively. Based on the new transition to the 31
1 state, the

spin value of the 3075-keV level is now restricted to 41 or
51, because anM3;61→31 transition is extremely un-
likely. This state is a very good candidate for the 41 member
of the four-phonon multiplet.

There are two known excited 01 states at 1592 keV and
1658 keV@21–24#, which, however, are not observed in th
present experiment. They were seen in thee/b1 decay from
the 21 (T1/257.7 min) state in102Ag @21#, a state that was
not populated in our experiment. The 1592-keV state
been shown to decay by anE0 transition to the ground stat
with r254.0(15)31023 and by anE2 transition of 96~40!
W.u. to the 22

1 state @23#. An upper limit of ,4
31024 W.u. was established for theB(E2:02

1→21
1) value

@23#. The 1658-keV state decays via anE2 transition of 13
~3! W.u. to the 21

1 state and with an upper limit ofr2,0.3
31023 for the monopole strength of theE0(03

1→01
1) tran-

sition @23#. We include the 01 states in the discussion pre
sented in the following section.

le

el

a.

FIG. 3. Examples ofg-ray data from the present measuremen
The most intenseg transitions assigned to102Pd are marked in the
singles spectrum.
5-2
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TABLE I. g rays assigned to102Pd. ~Intensities are obtained
from singles data org-g coincidences and are normalized to 10 0
for the 556-keV 21

1→01
1 transition.!

Eg ~keV! I rel Exi
-Exf

163.0~1! a 25~5! b 2301-2138
179.8~2! c 9~2! 2474d-2294
182.5~1! c 15~3! b 2294d-2112
231.7~1! a 21~2! 2532-2301
336.4~2! c 18~2! 2474d-2138
424.4~1! a 7~2! 3075-2651
495.0~1! a 59~6! 2606d-2112
539.6~4! 6~3! b 2651-2111
556.44~4! 10000 556-0
577.1~1! a 17~3! b 2112 -1534
603.32~6! 161~14! 2138-1534
634.1~1! a 19~3! 3166 -2532
660.5~1! a 20~10! 2798-2138
719.33~5! 5590~150! 1276-556
835.11~7! 1261~105! b 2111-1276
836.0~5! a 15~8! b 2112-1276
854.3~1! a 17~10! 2798-1944
861.9~1! 159~14! e 2138-1276
865.0~2! 270~25! 2976-2111
891.6~1! 384~35! 3003-2111
937.7~2! 139~12! 3075-2138
946.4~1! a 18~2! 2481d-1534
963.3~5! e 21~10! b 3075- 2112
964.2~1! e 122~11! b 3075-2111
977.75~5! 181~16! 1534-556
998.3~3! a 9~3! b 2532-1534
1018.5~5! c 25~5! 2294d- 1276
1024.9~1! 438~44! 2301-1276
1054.9~5! a 11~5! b 3166-2112
1055.4~2! 59~7! b 3166-2111
1066f 18~8! b 2342 -1276
1067.2~1! 41~6! b 3178g-2111
1167.5~8! a 3~1! 3278g-2111
1184.5~5! a 21~2! 3295g-2111
1215.5~3! a 11~3! 2750g- 1534
1256.7~1! 1170~70! 2532-1276
1263.9~1! a 69~7! 2798-1534
1305.4~1! 166~17! 2581g-1276
1329.1~1! a 33~7! b 2863g - 1534
1330.5~1! c 190~28! b 2606d-1276
1375.2~1! 53~6! 2651d-1276
1387.4~2! 21~14! 1944-556
1393.7~2! 114~12! 2669g -1276
1458.1~2! c 16~2! 2734d- 1276
1474.0~1! h 238~25! 2750g-1276
1492.6~1! c 14~2! 2768d-1276
1522.5~1! 203~21! 2798 -1276
1534.3~1! 193~21! 1534-0
1555.1~1! 144~15! 2112-556
1581.1~1! 1292~80! 2138-556
1587.7~2! a 101~11! 2863g - 1276
04432
III. DISCUSSION

As mentioned in the Introduction, the Pd isotopes a
typical examples of U~5!-O~6! transitional nuclei. With neu-
tron number increasing fromN550, the quadrupole defor
mation also increases from small values, characteristic o
spherical vibrator (N552,54), towards larger values, chara
teristic of deformed nuclei, in the middle of the shell. Figu
5 presents some of the experimental signatures of the s
tural evolution in this transition from a spherical vibrator
deformedg-soft nuclei: the energy of the 21

1 state is decreas
ing and the ratioR4/2[E(41

1)/E(21
1) is increasing with in-

creasing number of valence neutrons.102Pd56, which lies in
the middle of this transitional region, is a very good can
date for the recently introduced E~5! symmetry, which ap-
plies to the critical point of the second-order phase transit
between a spherical vibrator and a deformedg-unstable
nucleus.

The E~5! symmetry describes nuclei that are at the critic
point of the U~5!-O~6! transition. An important signature i
the ratio R4/2[E(41

1)/E(21
1), which is intermediate (R4/2

52.20) between a spherical vibrator or U~5! (R4/252.00)
and a deformedg-unstable limit or O~6! (R4/252.50). How-
ever, other essential signatures for an E~5! symmetry are the
properties of the 02

1 and 03
1 states, which also vary along th

U~5!-O~6! transition. Figure 6 shows typical low-lying spec
tra corresponding to the U~5! and O~6! limits. The multiplet

TABLE I. ~Continued!.

Eg ~keV! I rel Exi
-Exf

1691.3~3! 15~2! 2248-556
1700.4~3! a 13~2! 2976-1276
1727.9~3! a 25~3! 3003-1276
1744.3~1! 1426~75! 2301-556
1785.8~2! c 14~3! 2342d- 556
1799.5~1! 223~24! 3075-1276
1837.3~3! a 78~9! 3113g- 1276
1889.4~3! 40~5! 3166-1276
1924.1~2! c 54~6! 2481d- 556
1943.0~9! 18~10! 1944-0
1976.0~3! a 9~5! 2532-556
2241.6~8! 60~10! 2798-556

aNew g transition relative to those reported in Ref.@20#.
bg-transition energy and intensity are obtained from coincide
spectra.
cNew g-ray transition inb decay~relative to those reported in Ref
@20#!.
dNew level inb decay.
eNew intensity significantly different from previous data@20#.
fPossibleg transition between the levels at 2342 keV (31

2) and
1276 keV (41

1). Since theg-g coincidence relations cannot distin
guish this transition from that between the 3178- and 2111-k
levels, its placement is based on physics arguments and on diffe
intensities in singles and coincidence spectra. It is not include
Fig. 4.
gNew level relative to those reported in Ref.@20#.
hNew position relative to that reported in Ref.@20#.
5-3
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FIG. 4. Level scheme of102Pd as deduced in this work. The spin assignments are from Ref.@20# except the state at 3075 keV~see text!.
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structure is present in both limits, and all along the transit
leg between them, since O~5! symmetry is preserved. A ma
jor difference between these two limits, besides the rela
energies of the multiplets, is the structure of the excited1

states. One is a member of the three-phonon multiplet in
entire transition from U~5! to O~6!. The other one evolves
from a two-phonon state in U~5!, with a strongB(E2:01

→21
1) value, into thes5smax22, 01 state in O~6!, where it

typically lies higher than the 41
1 and 22

1 levels and theB
(E2) strength to the 21

1 level vanishes. In the discussio
below we use theE(5) notation 0j

1 for this state and 0t
1 for

the 01 member of the three-phonon multiplet.
In order to investigate the structure of102Pd we can ex-

ploit the IBA model. In this model a specific choice of p
rameters generates E~5! ~for finite particle number! but varia-
tions of the parameters provide an easy way to explore
entire U~5!-O~6! path. An IBA Hamiltonian describing the
transition between U~5! and O~6! is

H5en̂d1a0P̂†
• P̂1a3T̂3•T̂3 , ~1!

where e is the d-boson energy,n̂d5d†
•d̃ is the d-boson

number operator,P̂51/2@s•s2d̃•d̃#, and T̂35(d†d̃)(3).
This Hamiltonian displays the O~5! symmetry and the corre
sponding quantum numbert is a good quantum number. I
the transition U~5!-O~6! there is a second-order phase tra
sition. The critical point corresponds to a specific value
the control parameter h[0.25a0(NB21)/(e17a3/3),
04432
n

e

e

e

-
f

namely,hcrit50.25 (NB is the number of bosons, in this cas
five!. E2 transitions are described in the IBA by the opera

T~E2!5e2@s†d̃1d†s1x~d†d̃!(2)#, ~2!

where e2 is the boson effective charge. The transitio
strengths are calculated withx52A7/2 and are normalized
to the experimental valueB(E2:21

1→01
1)533 W.u., which

corresponds to an effective chargee250.11eb in the quadru-
pole operator. The first term of the transition operator in E
~2! produces strict selection rules: onlyDt561 transitions
are allowed. The second term does not modify these ‘
lowed’’ transitions but produces finite values forDt50, 62
transitions. The IBA parameters for the best IBA fit for102Pd
aree50.76 MeV,a050.18 MeV, anda350.05 MeV and,
with h50.21, they correspond to a structure very close to
critical point.

The corresponding total energy obtained using the int
sic state formalism@5# is presented in Fig. 7. It is, indeed
close to a flat-bottomed shape, resembling the square
potential embodied in the E~5! symmetry, and close to the
potential corresponding to the critical point for an IBA ca
culation forNB55 ~also shown in Fig. 7!.

Figure 8 compares the experimental low-lying lev
scheme andB(E2) transition strengths~left! of 102Pd with
the E~5! symmetry~right! and with the best IBA fit~middle!.
Note that the E~5! predictions are parameter-free, except f
scale. For the data in Fig. 8 we keep the conventional n
tion 02

1 ,03
1 and for the theoretical spectra we use the sa
5-4
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102Pd: AN E~5! NUCLEUS? PHYSICAL REVIEW C 65 044325
notation as in Fig. 6: the 0t
1 state is a member of the three

phonon multiplet and the 0j
1 state is defined as the base sta

of the j52 family of states in the E~5! description. The
0t

1→21
1 transition from the three-phonon 01 state is forbid-

den in U~5!, O~6!, and all along the transition leg since O~5!
symmetry is preserved. Experimentally, in102Pd, the decay
pattern of the 02

1 state is very similar to that of the theore
ical 0t

1 state, and the state corresponding to 0j
1 is the 03

1

level whose deexcitation to the 21
1 level is moderately col-

lective ~13 W.u.! with B(E2:03
1→21

1)/B(E2:21
1→01

1)
50.39, intermediate between U~5! and O~6!.

The E~5! symmetry seems to reproduce the level energ
of 102Pd rather well, except for the energy of the 02

1 state,
which is very different from the 0t

1 state. We will return to
this below. First we consider the other levels and transitio
The data are reproduced, with a few exceptions@the experi-
mentalB(E2;22

1→21
1) andB(E2;42

1→41
1) values are less

collective than predicted#, by the E~5! symmetry. In Table II
we compare the experimental values for key observables~ex-
cept the properties of the 02

1 state! with the E~5! predictions
and the numerical IBA calculations. The table shows that
experimental values of these observables are, indeed,
tween the U~5! and O~6! limits ~also given in Table II!. The
other observables are also between these limits, as ca
seen by comparing the data presented in Fig. 8 with the U~5!
and O~6! predictions in Fig. 6.

FIG. 5. The evolution of structure along the Pd isotopic cha
Top: Energies of the low-lying states. Bottom:R4/2

[E(41
1)/E(21

1). Note that102Pd, marked with a different symbo
is about halfway between the U~5! and O~6! limits.
04432
s

s.

e
e-

be

The comparison of the data with the best-fit IBA resu
contained in Fig. 8 and Table II suggests that102Pd is indeed
very close to the critical point of the transition between U~5!
and O~6!. TheR4/2 value is in good agreement with the da

.

FIG. 6. Low-lying spectra of U~5! and O~6! for NB55. The
state 0t

1 corresponds to the member of the three-phonon multip
and the state labeled 0j

1 corresponds to thes5NB225smax22
O~6! state~see text!. The energy of the 0j

1 state in O~6! depends on
an additional parameter and was chosen here, for an easy di
sion, slightly lower than the 0t

1 state. The labels on the arrow
denote B(E2) values, normalized toB(E2;21

1→01
1)533 W.u.

~value corresponding to102Pd).

FIG. 7. Total energy obtained using the intrinsic state formali
as a function of the quadrupole deformationb IBA . Continuous line:
IBA parameters corresponding to102Pd (NB55, e50.76 MeV,
a050.18 MeV, and a3520.05 MeV); dashed line: IBA
parameters corresponding to the critical point of the U~5!-O~6! tran-
sition.
5-5
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FIG. 8. Level scheme of102Pd ~left! compared with the E~5! symmetry~right! and with IBA best-fit calculation~middle!. The labels on
the arrows denote the respectiveB(E2) values in W.u. The experimental values are from Refs.@20,23# with the newg-ray intensities
reported in this work. Dashed lines denote unobserved transitions~expt.! or transitions withB(E2)50 ~theor.!. The IBA parameters (NB

55, e50.76 MeV, a050.18 MeV, anda350.05 MeV) correspond to the control parameterh50.21, which is slightly smaller than
hcrit50.25 in the transition between the anharmonic U~5! and O~6! limits. TheB(E2) values are obtained with theT(E2) operator of Eq.
~2! (x52A7/2) and are given in W.u.@normalized to the experimental valueB(E2:21

1→01
1)533 W.u.#.
al

a
-

in

ons
andE(0j
1)/E(21

1) agrees almost exactly with the empiric
energy ratio for the 03

1 state. In the E~5! symmetry the quad-
rupole transition strength was originally@6# calculated using
a quadrupole operator, which depended linearly on the qu
rupole deformationb @6#. A second-order term was intro
04432
d-

duced in the E~5! symmetry by Arias@25# and Franket al
@26# and the calculations with this operator are presented
Table II. Also included in Table II are predictions for E~5! for
finite particle number@27#. All the E~5! predictions are in
good agreement with the data; in particular, the calculati
e

TABLE II. Comparison of key observables in102Pd @20,23# with predictions of several models: IBA
predictions for dynamical symmetries U~5! and O~6!, for the critical point, and the best fit; E~5! predictions
with a linear T(E2) operator in the quadrupole deformation@6#, including quadradic term in theT(E2)
operator@25#, and E~5! for a finite well @27#.

Expt. IBA E~5!
102Pd U~5! O~6! Crit. pt. Best fit Ref.@6# Ref. @25# Ref. @27#

R4/2 2.29 2.00 2.50 2.22 2.18 2.20 2.20 2.19

E(0j
1)

E(21
1)

a
2.98b 2.00 c 3.54 3.10 3.03 3.03 2.99

B(E2:41
1→21

1)

B(E2:21
1→01

1)
1.56~13! 1.60 1.27 1.36 1.39 1.68 1.56 1.68

B(E2:0j
1→21

1)

B(E2:21
1→01

1)

a
0.39~9!b 1.60 0 0.41 0.55 0.86 0.49 0.91

a0j
1 is defined as the base state of thej52 family of states in the E~5! description or the base state of th

s5NB22 representation in O~6!, and as a two-phonon state in U~5!. In the IBA calculations for the critical
point and for the best-fit calculations it is the first excited, or 02

1 , level.
bExperimental 03

1 state corresponds to the theoretical 0j
1 state in E~5!.

cUndefined.
5-6
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102Pd: AN E~5! NUCLEUS? PHYSICAL REVIEW C 65 044325
of Ref. @25# nicely reproduce even theB(E2) ratio for the
03

1 state.
Only the 02

1 state is difficult to accommodate in any o
these pictures. Although its strongB(E2) value for the tran-
sition to the 22

1 state agrees with the E~5! prediction for a
member of the three-phonon multiplet and the correspond
E~5! 0t

1 state, the excitation energy disagrees strongly w
E~5! ~and with the IBA calculations!. The E0 strength also
disagrees with the E~5! symmetry: experimentally there is a
E0:02

1→01
1 transition reported@23#, while in the E~5! sym-

metry theE0:0t
1→01

1 strength should be zero. These d
agreements, especially the fact that its observed energ
much lower than predicted, suggest that the 02

1 state might
represent a different degree of freedom outside the I
space@i.e., it is not the E~5! 0t

1 state#. One possibility is that
it could be an intruder state.

The lack of nucleon transfer data or knowledge of ba
structure built on the excited 01 states makes it difficult to
definitively assert the intruder or nonintruder character
these states. However, indirect information on their struct
can be obtained by studying their behavior along isoto
and isotonic chains. The evolution of the excited 01 state
energies along the isotopicZ546 chain, presented in Fig.
~top!, does not show any irregular behavior that would su
gest a deviation from a multiphonon picture.

However, the evolution of the 02
1 states as a function o

proton number shows a very different behavior from oth
low-lying states. Figure 9 shows the data on low-lying lev
energies in theN556 isotonicchain. The energy of the 02

1

state decreases towardZ540, which is halfway betweenZ

FIG. 9. Evolution of the energy of low-lying states along t
N556 isotonic chain.
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528 and 50, and suggests that the 02
1 states in these isotone

behave as intruder states. In fact, the 02
1 state was considere

to be outside the IBA single shell space in previous analy
@14,15#. Higher excited 01 states are known only in the Mo
and Ru nuclei withN556. In the 42

98Mo56 isotone the decay
properties of the 03

1 state are unknown but in44
100Ru56 the

branching ratio from the 03
1 state, B(E2:03

1

→22
1)/B(E2:03

1→21
1)58, is in agreement with the E~5!

0t
1 properties.

Based on these arguments, the 02
1 state in102Pd could be

considered as an intruder state and the role of the 0t
1 state

from an E~5! description could be played by a higher excite
as yet unknown, 01 state. Such a higher energy would b
more consistent with an E~5! description of102Pd. In fact, in
104,106Pd, a 04

1 state was identified very close in energy to t
61

1 state and in106Pd it preferentially decays to the 22
1 level,

as expected for the 0t
1 level.

In assessing the intruder character of the 02
1 level in Pd

isotopes, there is one caution that should be stressed. Fo
heavier Pd isotopes~up to A5110) strongB(E2:23

1→02
1)

values (;100 W.u.) @28# have been used to suggest ade-
formed intruder configuration for the 02

1 levels @29#. The
strong 02

1→21
1 transitions (;40 W.u.) in 1062110Pd suggest

a different structure than that for the 02
1 level in 102Pd, where

the B(E2:02
1→21

1) value nearly vanishes. Therefore, th
assignment of intruder structure to the 02

1 state in102Pd must
not be taken to imply that the structure of the intruder
unchanged across the Pd isotopes.

IV. CONCLUSION

Levels in 102Pd were populated ine/b1 decay and their
properties were studied throughg-ray spectroscopy. Candi
dates for the 31 member of the three-phonon multiplet an
for the 41 member of the four-phonon multiplet were esta
lished. The comparison with the predictions of the E~5! sym-
metry shows very good agreement, including the 03

1 state,
which can be considered as the 0j

1 state of E~5!. The prop-
erties of the 02

1 state in102Pd and the evolution of this stat
along theN556 isotonic chain suggest intruder charact
Pending further experimental information on 0i

1 ( i .3)
states,102Pd is a very good candidate for the E~5! symmetry.
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