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An in-beamg-ray spectroscopy experiment for142Pm has been performed via the128Tes19F,5nd reaction at
beam energies of 75 MeV through 95 MeV. Excitation functions andg-g coincidences have been measured.
Detailed analysis ofg-g coincidence relationships leads to a revised high-spin level scheme for142Pm. The
ph11/2^ nh11/2

−1 multiplet in this nucleus has been identified and the discussion is based on a systematic of
corresponding states in neighboring odd-odd nuclei. The previously known 67-ms isomer and associated decay
g rays have been placed into the new level scheme. This long-lived isomer is proposed to be a four-hole state
with predominantly thespg7/2

−1 d5/2
−2

^ nh11/2
−1 d13− configuration.
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I. INTRODUCTION

The high-spin level structures of spherical odd-odd nuclei
below theZ=64,N=82 are among the most complex encoun-
tered experimentally because of the existence of a large num-
ber of low-lying two quasiparticle(2-qp) multiplets. The
high-spin members of such 2-qp states are often isomeric,
leading to difficulties in building high-spin level schemes via
a standard in-beamg-ray spectroscopy experiment. The low-
lying levels observed up to the 8− isomer in142Pm have been
interpreted as due to 2-qp excitations[1]. Given the doubly
closed-shell nature of146Gd [2], the 8− isomer has been in-
terpreted to be a fully aligned member of thepd5/2

−1
^ nh11/2

−1

multiplet [3]. It is then natural to expect that the high-spin
members of thepg7/2

−1
^ nh11/2

−1 and ph11/2^ nh11/2
−1 multiplets

should exist at low excitation. Indeed, such 2-qp states have
been identified in the neighboring odd-odd140Pm [3],
142,144Eu [4], and 144,146Tb [5,6] nuclei. Athough, no such
candidates seem to exist in the recently reported level
scheme of Ref.[7], however, Kenefick and co-workers re-
ported[8] the observations of aT1/2=67 ms isomer and de-
cay g rays of 43, 381, 428, 456, 639, 883, and 1020 keV.
The authors assigned this isomer to142Pm based on the K
x-g coincidences and comparison of relative yields of the
2.0-ms and 67-ms isomers produced in the cross-checked
reactions[9]. Consequently, theT1/2=67 ms isomer has been
assumed to be 10+ feeding directly to the 8− level via a
43-keV transition[10], with the otherg rays unassigned. It is
surprising that the newly established level scheme[7] was
proposed to be built on the 8− state instead of the 10+ state.
The authors of Ref.[7] claimed that the observed 43-381-
639-882 keV cascade could be assigned to141Pm. In
view of this, we carried out a conventional in-beam
g-spectroscopy experiment to re-investigate the high-spin
level structure of142Pm. In this paper, we report a new
high-spin level scheme of142Pm established using the
128Te(19F,5n) 142Pm reaction. The previously known 67-
ms isomer and associatedg rays[8,9] have been placed into
the level scheme of142Pm on the basis ofg-g coincidence

relationships. The high-spin members of thepg7/2
−1

^ nh11/2
−1

andph11/2^ nh11/2
−1 multiplets in 142Pm have been suggested

and the discussion is based on the systematic trends in nuclei
with such multiplets. The configuration of the 67-ms isomer
is also proposed and discussed.

The low-lying level structure of142Pm has been initially
investigated by Funkeet al. [1]. A level scheme including
the long-livedsT1/2=2.0 msd b+ decaying isomer has been
established. It was not until recently that the high-spin level
scheme of 142Pm had been reported using the
133Css13C,4nd142Pm reaction[7]. We have also noticed that
the strong coincidence cascade 381-639-882 keV was ob-
served earlier by Piiparinenet al. in the 141Pr+3He reaction
[11], but this cascade was proposed to be from an unknown
isomer in140Pm. Aryaeinejadet al. [12] placed all theg rays
reported in Ref.[8] except for the 43-keV transition into the
level scheme of141Pm from theirsa ,4ngd work. However,
this assignment could not be confirmed in a later experiment
using the 126Tes19F,4nd141Pm reaction [13]. During the
course of this investigation, a revised level scheme of141Pm
has been reported[14] in which the 43-381-639 keV cascade
was assigned to141Pm feeding the 15/2− level. To the extent
of our knowledge, the assignment of the 381-, 428-, 456-,
639-, 883-, and 1020-keV lines to141Pm has not been care-
fully studied through measurements ofg-ray excitation func-
tions.

II. EXPERIMENTAL DETAILS AND RESULTS

The excited states in142Pm were populated via the128Te
s19F,5nd142Pm reaction. The19F beam was provided by the
tandem accelerator at the China Institute of Atomic Energy
(CIAE). The target consisted of an isotopically enriched
128Te metallic foil of 2.2 mg/cm2 thickness with a
2.3 mg/cm2 Au backing. Theg rays were detected by ten
BGO(AC)HPGe’s (high purity germanium detectors with
bismuth germanate anti-Compton suppressors), with energy
resolutions of 2.0–2.5 keV at 1.33 MeV. The detectors were
calibrated using standard152Eu and133Ba sources. Excitation
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functions were measured in 5 MeV increments at the energy
range of 75–95 MeV and the largest yield of142Pm was
found at 90 MeV. Then,g-g coincidence measurements
were performed at this beam energy with a coincidence win-
dow of 400 ns. A total of 753106 g-g coincidence events
were accumulated and sorted into a symmetric matrix for
off-line analysis. To determine the multipolarity of emittedg
rays, the detectors were divided into 2 groups positioned at
±40° (or ±140°d and ±90° with respect to the beam direc-
tion. Two asymmetric matrices were constructed from the
coincidence data[4,15]: one matrix with detectors atu1
= ±40° (or ±140°d and another withu2= ±90° against those
at all angles. From these two matrices, the angular distribu-
tion asymmetry ratios defined asRADsgd= Igsu1d / Igsu2d were
extracted from theg-ray intensitiesIgsu1d and Igsu2d in the
coincidence spectra gated byg transitions of any multipolari-
ties. Usually a single gate was used for strong peaks. For
some weak transitions, the sum-gated spectra were used to
increase statistics. Stretched quadrupole transitions were
adopted ifRADsgd values were larger than unity, and dipole
transitions were assumed ifRADsgd’s were significantly less
than 1.0. It should be noted that the extractedRADsgd values
are assumed to be insensitive to angular distribution effects
of gatingg transitions. However, this is not exactly true be-
cause the limited angular coverage of the experimental
set-up does not wash out angular distribution effects com-
pletely. We have checked theRADsgd values for theg transi-
tions of known multipolarities using eitherE2 or M1 transi-
tions as gates. The average values ofRADsgd=1.24 and 0.75
were obtained for the knownE2 andM1 transitions in143Pm
[16].

The relative intensities for some strong lines were
extracted from a singles spectrum in the detector placed
near the 55°. For most of the weak or contaminatedg rays,
the relative intensities were obtained from the coincidence
spectra. Theg-ray energies, spin and parity assignments,
relativeg-ray intensities, and theRADsgd ratios are presented
in Table I.

Figure 1(a) presents the excitation functions for some in-
tenseg rays observed in this experiment. The figure shows

TABLE I. g-ray energyEg, relative intensityIg (normalized to
the 380.8-keV line), angular distribution ratioRADsgd, excitaion en-
ergy Ei, and proposed initialI i

p and final I f
p spin-and-parity. The

information on states below the 2-ms isomer is not listed in the
table.

EgskeVda Ig
b RADsgd Ei Ii

p I f
p

44.0 21.8 1809.1 s10+d s9+d
52.0 5.1 3872.1 s15d s14d
61.8 5031.3 s16d
88.4 3886.5 s14−d s13+d
142.9 25.6c 0.89(6) 4015.0 s16d s15d
148.7 3.2 0.80(13) 3886.5 s14−d s13+d
175.4 8.2 0.74(9) 4061.6 s15d s14−d
192.3 10.1 0.82(7) 5810.1 s20d s19d
195.1 5.3 0.83(10) 5810.1 s20d s19d
205.8 2.6 4391.5

214.8 2.1 0.76(15) 7030.0 s22d s21d
221.3 19.7c 0.83(6) 4236.3 s17d s16d
221.4 ,1 5008.2 s18d
241.2 2.3 4061.6 s15d s14d
248.8 2.5 4640.3

251.9 1.2 4324.9

277.9 5.6 0.80(10) 4339.6 s16d s15d
315.1 24.4c 1.04(7) 3143.6 s14−d s13−d
315.6 4.0 5672.0

324.7 1.8 4339.6 s16d s16d
325.2 6.6 5356.4

329.8 4.1 0.95(11) 4391.5

380.8 100.0c 0.86(8) 2189.9 s11+d s10+d
426.8 10.8 0.84(10) 1309.8 s9−d s8+d
437.6 3.1 0.81(14) 3737.9 s13+d s12+d
447.3 ,1 4786.9 s16d
449.2 1.9 4774.1

455.2 10c 1.27(10) 1765.1 s9+d s9−d
498.0 1.9 0.87(15) 3798.1 s13+d s12+d
519.3 7.0 1.11(8) 4391.5 s15d
526.8 1.1 4324.9 s13+d
554.7 4.3 0.86(11) 7030.0 s22d s21d
565.7 ,1 4072.9

609.6 4.5 0.85(11) 5617.8 s19d s18d
638.6 89.7c 2828.5 s13−d s11+d
665.3 9.0 0.65(8) 6475.4 s21d s20d
691.6 4.0 5031.3 s16d
728.5 10.1 0.79(8) 3872.1 s15d s14−d
742.8 5.6 1.23(12) 3886.5 s14−d s14−d
771.7 4.2 0.70(12) 5008.2 s18d s17d
772.9 ,1 4072.9

882.2 144.9c 0.77(8) 1765.1 s9+d s8−d
991.6 68c 0.82(5) 3820.1 s14d s13−d
1005.0 6.8 0.76(9) 6815.0 s21d s20d
1019.4 22.5 2828.5 s13−d s10+d

TABLE I. (Continued.)

EgskeVda Ig
b RADsgd Ei Ii

p I f
p

1042.1 7.7c 4185.7 s14−d
1057.9 5.8c 0.95(12) 3886.5 s14−d s13−d
1097.7 6.9 0.93(9) 4969.8 s16d s15d
1110.4 4.4 0.45(11) 3300.0 s12+d s11+d
1317.2 ,1 3507.1 s11+d
1378.6 11.2 1.31(7) 5614.8 s19d s17d
1381.4 12.4 1.32(8) 5617.8 s19d s17d
1490.6 ,1 3300.0 s12+d s10+d
1548.0 2 1.13(16) 3737.9 s13+d s11+d
1608.2 1.1 1.23(18) 3798.1 s13+d s11+d

aUncertainties between 0.3 and 0.9 keV.
bUncertainties are within 15% depending on their intensities.
cObtained from the singles spectrum.
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that the excitation functions for the 142.9-, 380.8-, 638.6-,
882.2-, and 991.6-keV transitions are well separated from
those of143Pm (e.g., 377-, 389-, and 1391-keV transitions),
and they have a similar trend as a function of beam energy.
The 142.9- and 991.6-keV transitions have been assigned to
142Pm [7]. It is thus reasonable to assign the 380.8-, 638.6-,
and 882.2-keVg rays to142Pm as well. This assignment is in
agreement with Ref.[9] but not with Refs.[11,12,14]. To get
information on the relative ordering for the intenseg rays in
142Pm, the relative excitation functions are plotted in Fig.
1(b). It is clear that the 991.6-, 142.9- and 1381.4-keVg rays
correspond to the de-excitation of higher-lying levels while
the 380.8- and 638.6-keV lines correspond to theg rays of
lower-lying levels. It is worth noting that the 882-keV line
has been found to be the strongest 15/2−→11/2− yrast tran-
sition in 141Pm [14]. In the current experiment, this nucleus
was produced by the 6n evaporation reaction but with lower
cross section because the beam energy was below the peak of
the excitation function. This has been demonstrated in the
882-keV gated spectrum shown in Fig. 2, where the 380.8-
and 638.6-keV transitions are much stronger than the 728-
and 196.5-keV lines(the next strongest yrast transitions in
141Pm [14]). This is quite different from the results reported

in Ref. [14] using the 133Css12C,4nd141Pm reaction. The
lower relative intensities of the 728- and 196.5-keV transi-
tions with respect to the 380.8- and 638.6-keV lines indicate
that the 882-keV transition is a double line from both141Pm
and 142Pm.

Theg-g coincidence relationships reported in Ref.[7] for
142Pm have been confirmed in this work. In addition, the
175.4-keVg ray, previously placed in the level scheme of
142Pm, is found to be in coincidence with the 380.8- and
882.2-keV and some newg rays. Detailed analyses on theg-
g coincidence relationships have been made, leading to a
revised level scheme shown in Fig. 3. Several representative
coincidence spectra are presented in Fig. 4 in which some
important crossover transitions(or cascades) can be clearly
identified. The observed crossover transitions(e.g., the
1019.4-keV line and 148.7–1548.0-keV cascade) fix the or-
dering of 638.6- and 380.8-keV transitions. We assign the
strongest 882.2-keVg ray to feed directly to the 8− s2 msd
isomer. A low-energy 44-keVg ray was found in coinci-
dence with each of the transitions in the strongest
638.6-380.8-882.8 keV cascade, and it is thus placed in the
present level scheme of Fig. 3. On referring to the experi-
mental results of Kenefick and co-workers[8,9], we pro-
posed that the 2828.5-keV level should be the long-lived
isomer withT1/2=67 ms reported in Refs.[8,9]. Our data set
showed that the 991.6-keV transition had very weak coinci-
dence (with the 400 ns window) with g rays below the
2828.5-keV level. Thus the previously known 991.6-keVg
ray is expected to feed directly to this isomer rather than to
the 8− state[7].

The multipolarity of the emittedg rays has been obtained
from the measuredRADsgd ratios using the appropriateg rays
as gates. For example,RADsgd’s were extracted to be,0.80
for the 380.8-, 426.8-, and 882.2-keV transitions andRADsgd
,1.27 for the 455.2-keV line when the sum gates of 148.7-,
175.4-, 1548.0-, and 1110.4-keVg rays were used. We there-
fore proposeI =9,9,10,11 for the levels at 1309.8, 1765.1,
1809.1, and 2189.9 keV, respectively, assuming that the

FIG. 1. (a) Excitation functions for theg rays observed in the
19F+128Te reaction and(b) relative excitation functions for theg
rays assigned to142Pm. The intensities are normalized to the
638.6 keV transition at each beam energy.

FIG. 2. Coincidence spectrum gated on the 882-keV line
showing the relative intensities ofg rays from 142Pm (381- and
639-keV lines) and from 141Pm (111-, 197-, and 728-keV lines)
[14].
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44-keV line corresponds to aDI =1 transition. Positive parity
is proposed for the last three of these levels on the basis of
level structure systematics and theoretical considerations
(which will be discussed in Sec. III). RADsEg=1110.4-keVd
was determined to be 0.45s11d, indicating that the
1110.4-keVg ray corresponds to a mixedM1/E2 transition
with a negative mixing ratio. This leads a spin and parity
assignment toIp=12+ for the 3300.0-keV level. This assign-
ment is further supported by the observation of a 1490.6
-keV crossover transition. The dipole character of the 437.6-,
and 148.7-keV lines(RAD,0.81, and 0.80, respectively) and
the observation of a 1548-keV quadrupole crossover transi-
tion suggestIp=13+ and 14± for the levels at 3737.9 and
3886.5 keV, respectively. The 14± state de-excites to lower-
lying levels via several parallel transitions which can be
clearly seen in Fig. 4(a). RADsgd’s were extracted to be
1.23s12d and 0.95(12) for the 742.8- and 1057.9-keV lines.
The former is most likely aDI =0 or 2 transition, and the
latter aDI =1,M1/E2 mixed transition with a positive mix-
ing ratio. Therefore we suggestIp=13± for the 2828.5-keV
level andIp=s12,14d± for the 3143.6-keV excited state, re-
spectively. Negative parity is preferred because of the
branching ratios of the 638.6- and 1019.4-keV decayg rays.
In fact, if the 10+ and 11+ are adopted for the 1809.1- and
2189.9-keV levels, theIp=13− assignment for the isomer
gives anM2+E3 mixed transition for the 638.6-keV line and
a pureE3 character for the 1019.4-keV decay. These two
transitions with proposed multipolarities are able to compete,
leading to the comparable intensities observed. TheDI =1,
dipole or mixed character for the 991.6-, 52.0-, 315.1-, and
728.5-keV transitions[see theRADsgd ratios in Table I] ex-

cludes the 12− assignment for the 3143.6-keV level. Accept-
ing the Ip=13− assignment for the 2828.5-keV level, we
have suggested the spin and parity for the levels above the
13− isomer on the basis of measuredRADsgd ratios(see Table
I) and crossover transitions. Finally, from the intensity bal-
ance at 1809.1- and 1765.1-keV levels, the experimental
conversion coefficient was deducedaTs44 keVd,6.0 favor-
ing anM1+E2 mixed transition for the 44-keV line. Apply-
ing this argument to the 52-keV transition, we conclude that
the 52-keV gamma ray most likely results from aDI =1 di-
pole transition. This is consistent with the assignment in Ref.
[7].

The g-g coincidence relationships for levels above the
13− isomer reported in Ref.[7] have been confirmed in this
work, leading to the similar level scheme as in Ref.[7]. The
main difference, however, is the multipolarity assignments
for the correspondingg radiations compared to the previous
work. Of most importance, theE2 multipolarity adopted for
the 991.6-keV line[7] cannot be confirmed in this work
since RADsEg=991.6 keVd=0.82s5d suggests strongly that
the 991.6-keV transition is aDI =1 dipole or mixed one. The
RADsgd ratios have been checked carefully for the 67-ms iso-
mer and no angular distribution effects[i.e. RADsgd,1.0]
have been found for the 638.6-, 380.8-, and 882.2-keV lines
if any of these strong lines is used as a gate.

FIG. 3. Level scheme of142Pm deduced from the present work.
The widths of the arrows are approximately equal to the relative
intensities of the observedg rays.

FIG. 4. Selected coincidence spectra emphasizing the transitions
bypassing the 67-ms isomer.
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III. DISCUSSIONS

It has been shown[1] that the low-lying excited states in
odd-odd nucleus142Pm could be interpreted as 2-qp excita-
tions. The low-lying high-spin isomers withIp=8− have been
observed systematically in140Pm [3], 142Pm [1], and
142,144Eu [4], corresponding to thepd5/2

−1
^ nh11/2

−1 configura-
tion. Thus it is expected that the next high-spin 2-qp states
should be associated with thepg7/2

−1
^ nh11/2

−1 and ph11/2
^ nh11/2

−1 configurations. Such 2-qp multiplets should be
yrast and easy to observe usingsHI,xnd reactions. Indeed,
the first 9− state was identified in144Eu at 1338-keV excita-
tion and was assigned to be thepg7/2

−1
^ nh11/2

−1 two-hole state
[4]. In view of this and the similar excitation energy of the
1309.8-keV level in142Pm, we propose the same negative
parity configuration for this level. This spin-and-parity as-
signment is consistent with the extractedRADsgd ratios for
the 426.8-keV and 455.2-keV transitions[seeRADsgd ratios
in Table I]. Given the similar low-lying level structures in the
N=81 isotones144Eu and 142Pm, the next three levels at
1765.1, 1809.1, and 2189.9 keV could be assigned as 9+,
10+, and 11+ of theph11/2^ nh11/2

−1 multiplet. For a systematic
comparison, we present, in Fig. 5, the level spacing of the
ph11/2^ nh11/2

−1 multiplets in the N=79 and 81 isotones:
140Pm [3], 142Eu [4], 144Tb [5], 142Pm (this work), 144Eu [4],
and 146Tb [6]. The systematic trends in the energy splitting
between the 11+ and 10+ levels and the degeneracy of the 10+

and 9+ states strongly suggest that the observed three levels
in 142Pm originate from theph11/2^ nh11/2

−1 configuration. The
energy splitting between the 11+ and 10+ levels is the largest
for the Tb isotopes in each of the isotones and for146Tb this
energy splitting may be related to the pure proton-particle
and neutron-hole interactions. The energy splitting decreases

gradually with decreasing proton number for theN=79 iso-
tones, while this decrease becomes more significant for the
N=81 isotones. On the other hand, the 9+ and 10+ states are
close-lying, and this degeneracy becomes weaker when the
respective core moves away from theZ=64 closed shell.

The maximum angular momentum formed in a 2-qp con-
figuration is 11+ in the odd-odd142Pm, and therefore the
higher-spin states above 11+ should be associated with the
coupling of 2-qp multiplets to the core excitations. Multiqua-
siparticle excitations, such as the coupling of the quasiproton
in theg7/2, d5/2, or h11/2 orbit to ah11/2 neutron hole, play an
important role in building the high-spin states in142Pm.
Given 146Gd sZ=64d as a doubly-closed nucleus, we believe
the most likely configuration for the 2828.5-keV level is
spg7/2

−1 d5/2
−2

^ nh11/2
−1 d13− based on the following considerations.

First, the yrastspg7/2
−1 d5/2

−1 d6+ state in neighboring144Sm has
been found to be aT1/2=880 ns isomer[17]. Coupling ah11/2
neutron hole to the 6+ state leads to a long-lived isomer in
143Sm with Ip=23/2− [18]. Removing ad5/2 proton from
143Sm leads to a structure ofspg7/2

−1 d5/2
−2

^ nh11/2
−1 d13− in 142Pm.

The excitation energy of this state is very close to that of the
23/2− isomer in143Sm, supporting the configuration assign-
ment for the 13− isomer in 142Pm. Second, the excitation
energy of thespg7/2

−1 d5/2
−2

^ nh11/2
−1 d13− fully aligned state in

142Pm can be estimated using an empirical shell model(see
Ref. [19] and references therein). This theoretical approach
has been successfully applied to the neighboring nuclei
[4,19–23]. Decomposing thespg7/2

−1 d5/2
−2

^ nh11/2
−1 d13− structure

into fspg7/2
−1 d5/2

−2 d15/2+ ^ nh11/2
−1 g13−, the excitation energy can be

calculated using the expression:

Efspg7/2
−1 d5/2

−2 d15/2+ ^ nh11/2
−1 g13−

142Pm

= Espg7/2
−1 d5/2

−2 d15/2+

143Pm
+ E

nh11/2
−1

145Gd + S+ Dspg7/2
−1

^ nh11/2
−1 d9−

144Eu

+ 2 o
I=7,8

FÎ9s2I + 1dWS5

2

5

2

19

2

11

2
;4IDG2

3Dspd5/2
−1

^ nh11/2
−1 dI

144Eu
= 2723 keV, s1d

Dspg7/2
−1

^ nh11/2
−1 d9−

144Eu
= Espg7/2

−1
^ nh11/2

−1 d9−

144Eu
− E

nh11/2
−1

145Gd − E
pg7/2

−1

145Eu + B145Gd

+ B145Eu − B144Eu − B146Gd = − 550.1 keV,

s2d

Dspd5/2
−1

^ nh11/2
−1 d8−

144Eu
= Espd5/2

−1
^ nh11/2

−1 d8−

144Eu
− E

nh11/2
−1

145Gd − E
pd5/2

−1

145Eu + B145Gd

+ B145Eu − B144Eu − B146Gd = − 430.6 keV,

s3d

where E represents excitation energy of the corresponding
nucleus[4,16,18,24], andW the Racah coefficient[25]. The
binding energy term isS=B142Pm+B146Gd−B143Pm−B145Gd
=1265.9 keV[26]. D is the proton-neutron residual interac-
tion. In Ref.[4] the 7− state in144Eu was calculated to lie at
,1450 keV which could be used to estimate the interaction

FIG. 5. Members of theph11/2nh11/2
−1 multiplet in 140Pm [3],

142Eu [4], 144Tb [5], 142Pm, 144Eu [4], and146Tb [6].
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Dspd5/2
−1

^ nh11/2
−1 d7−

144Eu
= Espd5/2

−1
^ nh11/2

−1 d7−

144Eu
− E

nh11/2
−1

145Gd − E
pd5/2

−1

145Eu + B145Gd

+ B145Eu − B144Eu − B146Gd.1450 −E
nh11/2

−1

145Gd

− E
pd5/2

−1

145Eu + B145Gd + B145Eu − B144Eu − B146Gd

= − 108.6 keV. s4d

For the hole-hole case one expects the residual interaction
energy to be negative. If the largest value of zero is assumed

for theDspd5/2
−1

^ nh11/2
−1 d7−

144Eu
, the maximum excitation energy could

be estimated to be 2797 keV for thespg7/2
−1 d5/2

−2
^ nh11/2

−1 d13−

state in 142Pm. The calculated excitation energy of
<2750 keV is in good agreement with the experimental ob-
servation ofExs13−d=2828.5 keV. Third, nonobservation of
such an yrast 13− level in theN=81 isotone144Eu provides a
complementary argument for the configuration assignment
for the 13− isomer in142Pm. This is easy to understand con-
cerning the four-hole nature for the 13− level in 142Pm since
such a four-hole state cannot be formed in144Eu with Z
=63. Indeed, it has been shown that the yrast states above the
11+ level in 144Eu correspond to thepg7/2

−1 nh11/2
−1

^ 3− cou-
pling and theh11/2 proton excitations[4]. Finally, the isom-
erism of the 13− level in 142Pm may be understood, at least
qualitatively, considering the configuration change for the
de-excitation of the 13− state. The de-excitation of this 13−

isomer corresponds to a configuration change of
spg7/2

7 pd5/2
4

^ nh11/2
−1 d13−→ spg7/2

8 d5/2
2 h11/2^ nh11/2

−1 d11+,10+. If
the paired particles and the neutron are merely spectators,
then this transition could be simplified as a hindered two-
particle transition ofpsd5/2

2 d→psg7/2h11/2d where one of the
unpairedd5/2 protons is excited to theg7/2 orbit forming a
closed subshell and the other to theh11/2 orbit.

The positive parity levels 12+,13+ at 3300.0 and
3737.9 keV may correspond to the core excitations of 2+

coupling to sph11/2^ nh11/2
−1 d11+ with probable admixture of

spg7/2
−1

^ nh11/2
−1

^ 3−d12+ for 12+. The fully aligned state
spg7/2

−1
^ nh11/2

−1
^ 3−d12+ has been observed and suggested in

144Eu at similar excitation energies[4]. The first excited 2+

state in142Nd is at 1.575 MeV[27], which is very close to
the energy difference between the 13+ and 11+ levels, sup-
porting our configuration assignments. We have also calcu-
lated the excitation energies for bothspg7/2

−1
^ nh11/2

−1
^ 3−d12+

and sph11/2^ nh11/2
−1

^ 2+d13+ fully aligned states using the
empirical shell model approaches[4]; it gives

Espg7/2
−1 nh11/2

−1
^ 3−d12+

142Pm
= Espg7/2

−1 nh11/2
−1 d9−

142Pm
+ E3−

144Sm+ Dsnh11/2
−1

^ 3−d17/2+

143Sm

+ Dspg7/2
−1

^ 3−d13/2−

143Pm
+ S=1309.8 + 1810.1

+ sEsnh11/2
−1

^ 3−d17/2+

143Sm
− E

nh11/2
−1

143Sm− E3−

144Smd

+ sEspg7/2
−1

^ 3−d13/2−

145Eu
− E

pg7/2
−1

145Eu − E3−

146Gdd

= 3077.9 keV, s5d

and

Esph11/2nh11/2
−1

^ 2+d13+

142Pm
= Esph11/2nh11/2

−1 d11+

142Pm
+ E2+

142Nd

+ sEsnh11/2
−1

^ 2+d15/2−

141Nd
− E

nh11/2
−1

141Nd − E2+

142Ndd

+ sEsph11/2 ^ 2+d15/2−

143Pm − Eph11/2

143Pm − E2+

142Ndd

= 3873.8 keV. s6d

where the binding energy termSvanishes in this special case
[16–18,27–29]. We take the interactionDspg7/2

−1
^ 3−d13/2−

=−69 keV from145Eu [28] instead ofDspg7/2
−1

^ 3−d13/2−

143Pm
because

of the lack of thespg7/2
−1

^ 3−d13/2− state in143Pm [16].
To understand the high-spin structures above the

3820.1-keV level, multiquasiparticle excitations involving
one or two protons to theh11/2 orbit must be considered.
Such multiquasiparticle states have been observed and calcu-
lated to be at 4.5–5.5 MeV excitations in144Eu. Since the
spin and parity assignments are tentative for the higher-lying
levels, and the spectroscopic information obtained from this
experiment is quite limited, further experimental investiga-
tions of properties such as internal conversion, polarization,
g-factor, and half-life measurements are needed. This is,
however, beyond the scope of this work.

IV. CONCLUSIONS

The high-spin level structure of142Pm has been reinves-
tigated via a conventional in-beamg-spectroscopy experi-
ment using the128Tes19F,5nd142Pm reaction. The previously
known 67-ms isomer has been assigned to142Pm rather than
to 141Pm through theg-ray excitation function measure-
ments. A much revised high-spin level scheme of142Pm has
been established on the basis ofg-g coincidence relation-
ships and energy sums. The 67-ms isomer and corresponding
decayg rays have been placed into the level scheme due to
observations of several crossover cascade transitions. We
have assigned the 9+, 10+, and 11+ levels as the members of
the ph11/2^ nh11/2

−1 multiplet which fit well into systematics.
The fully-aligned 9− state of thepg7/2

−1
^ nh11/2

−1 configuration
has also been observed and suggested. The 67-ms isomer is
most likely a fully-aligned four-hole state with the
spg7/2

−1 d5/2
−2

^ nh11/2
−1 d13− configuration. Its excitation energy can

be well reproduced using the empirical shell-model ap-
proaches. The high-spin 2-qp states coupling to the 2+ and 3−

core excitation are also proposed. The observation of these
levels seem to be consistent with systematic expectations.
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