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Level structure in 143Nd
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The high-spin states of143Nd have been studied in the130Te(18O,5n)143Nd reaction at a beam energy of 80
MeV using techniques of in-beamg-ray spectroscopy. Measurements ofg-g-t coincidences,g-ray angular
distributions, andg-ray linear polarizations were performed. A level scheme of143Nd with spin and parity
assignments up to 53/21 is proposed, including a high-lying isomer with a measured half-life of 3568 ns.
While a weak coupling model can explain the level structure up to theJp539/22 state, this model cannot
reproduce the higher-lying states. The characteristics of the high-spin isomer, as well as the level structure in
143Nd, were also stressed with a deformed independent particle model.

PACS number~s!: 23.20.Lv, 21.60.Cs, 27.60.1j
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I. INTRODUCTION

Many odd-A nuclei nearZ564, N582 exhibit a level
structure with spin sequences and energy spacings simil
those of the yrast level scheme of adjacent even-even nu
This is particularly true of theN583 isotones, which have
been proved to be good examples of weak coupling betw
the unpaired valence neutrons and the even-even sphe
core nucleus@1–4#. High-spin yrast states in theN582, dou-
bly even nuclei are generated primarily by excitations
their valence protons@5,6#. The additional valence neutron o
the N583 nucleus couples weakly with the core excitati
@1–4#. In the present work, we report a much revised le
scheme for143Nd with spin and parity assignments up to t
state at 10 132 keV, leading to a more complete understa
ing of the weak coupling behavior along the yrast line
143Nd.

High-spin isomers were observed systematically in
N583 isotones with proton numberZ from 68 to 61@7–15#.
The characteristics of these high-spin isomers can be
described in the framework of a deformed independent p
ticle model~DIPM! @16#, which deals with independent pa
ticle configurations in an axially symmetric deformed pote
tial. The single particle energies at zero deformation w
deduced from the experimental data@16#. The DIPM
calculations assigned the isomers to be of
stretched configurations@n( f 7/2h9/2i 13/2)p(h11/2

2 )#49/2
1 and

@n( f 7/2h9/2i 13/2)p(d5/2
21h11/2

2 )#27
1 in the odd-A and odd-oddN

583 isotones, respectively@15#. These configurations ma
induce oblate deformations, while the lower-spin states h
near spherical shapes@15#. Therefore, the high-spin isomer
in the N583 isotones were interpreted to be caused by s
den changes in nuclear shape, which was confirmed by
deformation parameters of the yrast isomers in147Gd, de-
duced from experimental quadrupole moments@17,18#. One
goal of the present investigation is to search for the co
sponding high-spin isomer in143Nd. The level structure of
143Nd was studied in previous works@4,19–21#, but no
0556-2813/99/61~1!/014303~11!/$15.00 61 0143
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high-spin isomer has been reported so far.
In nuclei with spherical or near spherical shapes, hig

spin states are generally formed by excitations of vale
nucleons. The higher spin states require more nucleon
provide the angular momentum, increasing the possibility
the nucleons aligning their angular momenta along an a
so it would be expected that aligned, or almost aligned c
figurations dominate the yrast lines in the high-spin reg
@16#. Thus, the deformed independent particle model@16#,
which was made to treat aligned configurations, should b
describe the high-lying level structure in nuclei with a sm
deformation.

II. EXPERIMENTAL TECHNIQUES AND RESULTS

The excited states in143Nd were populated using th
130Te(18O,5n)143Nd reaction at a beam energy of 80 MeV
This beam energy was chosen because it was demonstr
from previous studies of high-spin states in143Nd, that this
nucleus had a favorable yield near this energy@4,19–21#.
Measurements ofg-g coincidences,g-ray angular distribu-
tions, andg-ray linear polarizations were performed.

For theg-g coincidence experiment, a 1.8 mg/cm2 target
of isotopically enriched 130Te, evaporated onto a
2.8 mg/cm2 aluminum backing, was used. The pulsed18O
beam with a time repetition of 51 ns was provided by t
cyclotron at the KEK Tanashi/CNS.g-g-t data were accu-
mulated with five BGO~AC!HP Ge detectors, having energ
resolutions of 1.9–2.3 keV at 1.33 MeV. Here,t refers to the
relative time difference between any two coincidentg rays
detected within61000 ns. A total of 703106 coincidence
events were recorded event by event for off-line analy
After accurate gain matching, theg-g coincidence data were
sorted off-line into three 4K34K matrices under three dif
ferent coincidence time conditions. From these matrices
incidence spectra gated on specificg-ray peaks were pro-
duced, and the resulting spectra were then grouped in te
of three coincidence time ranges:~1! 2450 ns<t
<450 ns, defined here as total coincidences,~2! 29 ns
©1999 The American Physical Society03-1
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<t<9 ns, as prompt coincidences,~3! 2450 ns<t<
220 ns or 20 ns<t<450 ns, as delayed coincidence
Based on the coincidences with the knowng rays of 143Nd
@19–21#, many newg rays were assigned to this nucleu
The half-life of the isomeric state was also extracted from
g-g-t data.

Linear polarization measurements are useful in determ
ing the electric or magnetic character ofg radiation. By com-
bining the results of linear polarization and angular distrib
tion measurements, information on the multipolarity ofg
radiation and hence on the spin and parity of the concer
nuclear state can be obtained.

For the angular distribution measurement, five Comp
suppressed detectors were used simultaneously to acc
late singles spectra at angles of 90°, 75°, 55°, 45°,
30° relative to the beam direction. By assuming the 10
525-, and 1576-keVg rays depopulating the isomer in142Nd
with a half-life of 18 ms to be isotropic@5,6#, the relative
detection efficiencies among the five detectors were de
mined at three energy points of 108, 525, and 1576 keV.
excited states in 142Nd were populated in the
130Te(18O,6n)142Nd reaction in the same run. Theg rays
from target residual activity provided additional ener
points for the relative detection efficiency normalization
since theseg rays should also have isotropic intensity dist
butions. After correcting for the relative detection efficie
cies at different angles and normalizing to one of the fi
detectors, the angular distribution coefficients,A2 /A0 and
A4 /A0, for each interested transition, were extracted fr
least squares fits of the photopeak areas. While doing
angular distribution measurement, theg-rf time distribution
measurement was also carried out with the pulsed be
With no beam present, a152Eu source was attached to th
front of the target andg-ray singles spectra were acquire
These152Eu source spectra were used to obtain energy
efficiency calibrations for each individual detector. The re
tive g-ray intensities were extracted from the efficiency c
rected singles spectra recorded by the detector locate
55°.

The g-ray linear polarizations were measured at Kyus
University, where the tandem accelerator provided an
MeV 18O beam. A segmented Ge detector placed at
relative to the beam direction, which simultaneously acted
a Compton scatterer and an absorber, was used as a Com
polarimeter. The segmented Ge is a planar detector of dim
sions 50350320 mm3 which is divided into 25 segment
by separating electrodes. The cathode of each segment
vides an independent signal giving position information, a
a common anode signal provides energy information. T
concept of the segmented Ge detector is depicted in
@22#. In the current measurement, the polarimeter was o
ated in a pair-wise mode, i.e., the prompt coincidence sig
from all pairs of firing segments were recorded event
event on magnetic tapes. In the off-line data analysis
coincidence events were classified into two groups accord
to the orientation of the two firing segments with respect
the reaction plane. Thus, the polarization spectra were c
01430
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structed by using the total energy deposited in the polarim
ter.

The experimental polarizationPexp is determined from the
anisotropyA of the g radiation through the relations

Pexp5A/Q,

A5~N902N0!/~N901N0!,

where N90 and N0 are the photopeak intensities obtain
when the two firing segments are oriented perpendicula
parallel to the reaction plane, respectively.Q represents the
polarization sensitivity of the polarimeter, and is a functi
of the incidentg-ray energy. In143,144Nd, multipolarities of
several strongg rays with energies in a wide range, we
assigned in the previous works@19–21,23#. The linear polar-
ization values for theseg rays were deduced by fitting resul
of their angular distributions. The polarization sensitivit
measured at energy points corresponding to these selectg
rays, were therefore obtained from the deduced linear po
izations and measured anisotropy values. Hence the pola
tion sensitivity of the polarimeter was calibrated. The pol
imeter worked very well, the electric and magne
transitions were clearly separated into two groups in term
the signs of their linear polarization values. These are gi
in Table I along with transition energies, relative intensitie
angular distribution coefficients for theg rays assigned to
143Nd.

III. LEVEL SCHEME OF 143Nd

Three gated spectra were produced for each of theg rays
assigned to143Nd, under the total, prompt, and delayed c
incidence time conditions. Selected spectra are shown
Figs. 1–3. Figure 1 displays three background-subtrac
g-ray spectra in coincidence with the 1143-keV transitio
Figure 1~a! is the spectrum gated by the 1143-keVg ray with
a time gate of6450 ns, Fig. 1~b! shows theg rays in
prompt coincidence with the 1143-keV transition, and F
1~c! presents the spectrum forg rays preceded by the 1143
keV transition by at least 20 ns. In Fig. 1~b! the protrudedg
rays are in prompt coincidence with the 1143-keV gate. T
time delay between theg rays in Fig. 1~c! and the 1143-keV
transition indicates the presence of an isomeric state. Ba
on the coincidence relationships, several weakg rays were
identified to 143Nd, but they could not be placed in the lev
scheme due to their weak populations. In Fig. 1, these w
g rays are not labeled. It is found that nog ray crosses the
isomer, which thus separates the level scheme into two p
For the two groups ofg rays separated by the isomer, th
orderings of the transitions in the level scheme are fix
either with the help of some crossover transitions or from
consideration of intensity balance in the gated spectra. Ba
on the analysis of theg-g coincidence spectra, a new lev
scheme of143Nd is proposed as shown in Fig. 4. Eight ne
g rays of 145, 162, 423, 437, 482, 978, 1165, and 1525 k
are added into the level scheme below the 6697-keV st
The high-lying portion of the present level scheme above
6697-keV state, which includes 32g rays and extends to
3-2
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TABLE I. Properties of theg rays of 143Nd, produced in the130Te(18O,5n)143Nd reaction. Uncertainties
are given in parentheses.

Eg(keV) a I g
b A2 /A0 A4 /A0 Pola. Ei→Ef Ji→Jf

61.0 3085→3024 23/21→21/21

91.6 18.1~18! 2490→2398 19/22→17/22

139.3 6.8~23! d 10669→10530
145.0 1.6~9! d 3334→3189
161.5 2.5~10! d 4225→4063 27/21→
173.7 38.1~1.3! 20.18(4) 0.03~4! 20.28(6) 3085→2911 23/21→21/21

178.2 3.0~8! d 5000→4822 31/21→
179.6 2.2~7! d 9168→8989 →49/21

193.4 3.4~14! d 6697→6503 39/22→
206.4 1.1~7! d 6697→6491 39/22→
214.5 21.9~21! 20.21(4) 0.04~5! 20.38(9) 5345→5130 33/21→31/21

223.5 3.3~8! 20.13(8) 0.04~5! 20.37(10) 5507→5283 33/21→31/21

230.7 2.0~10! d 11789→11558
246.4 7.0~8! 6239→5992 →35/22

292.8 4.7~7! 20.25(10) 0.11~3! 20.10(14) 5000→4707 31/21→
299.2 8.0~8! d 20.25(5) 0.00~6! 20.19(11) 4524→4225 29/21→27/21

300.6 1.8~6! d 8989→8689 49/21→
321.6 2.4~11! d 11789→11467
323.5 3.1~14! d 20.30(9) 0.14~10! 20.12(13) 6239→5915 →35/22

338.6 14.4~6! 20.23(2) 0.12~5! 0.31~5! 8989→8651 49/21→47/22

344.4 3.7~5! 20.21(5) 0.06~7! 20.34(11) 5345→5000 33/21→31/21

364.5 10.4~10! 20.13(8) 0.06~5! 20.33(7) 5000→4635 31/21→29/21

372.5 35.3~23! 20.15(4) 0.00~2! 20.34(8) 3458→3085 25/21→23/21

379.3 63.7~27! 20.12(6) 0.05~6! 20.28(5) 2398→2019 17/22→15/22

398.3 5.0~9! 10530→10132 →53/21

407.5 3.1~6! 20.11(5) 20.01(5) 0.30~8! 5915→5507 35/22→33/21

410.3 16.2~9! 20.12(7) 0.02~5! 20.37(7) 4635→4225 29/21→27/21

420.8 48.0~12! 20.16(3) 0.00~3! 0.29~5! 2911→2490 21/11→19/22

423.0 3.4~11! d 5130→4707 31/21→
427.7 9.2~17! 0.18~4! 0.03~3! 20.35(10) 5428→5000 33/21→31/21

436.7 2.7~8! d 3189→2752 →17/21

445.9 3.6~14! 20.19(9) 0.08~8! 0.28~12! 6239→5793
448.0c 15.0~30! 4524→4076 29/21→27/21

456.1 3.0~14! d 4076→3620 27/21→
481.9 1.9~10! d 4707→4225 →27/21

484.7 3.2~12! d 5992→5507 35/22→33/21

486.7 2.7~11! d 5915→5428 35/22→33/21

494.4 23.3~28! 20.10(4) 20.03(4) 20.29(12) 5130→4635 31/21→29/21

503.2 1.9~5! d 7021→6518
526.2 9.1~19! 6518→5992 →35/22

534.1 15.2~12! 20.10(5) 0.05~6! 0.28~6! 3024→2490 21/21→19/22

537.7 6.6~10! 10669→10132 →53/21

550.0 2.6~9! d 6057→5507 →33/21

563.8 9.0~18! 20.16(5) 0.04~5! 0.36~9! 5992→5428 35/22→33/21

570.1 23.1~21! 20.22(10) 0.00~8! 0.23~10! 5915→5345 35/22→33/21

575.8 4.0~16! 20.19(6) 0.11~12! 0.30~8! 6491→5915 →35/22

587.8 6.3~24! 6826→6239
593.4 1.3~4! d 7891→7297
618.7 9.0~30! d 4076→3458 27/21→25/21

623.9 5.0~7! 10756→10132 →53/21

639.7 1.4~6! d 6697→6057 39/22→
647.2 7.8~11! 20.23(8) 0.09~10! 0.44~10! 5992→5345 35/22→33/21
014303-3
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TABLE I. ~Continued!.

Eg(keV) a I g
b A2 /A0 A4 /A0 Pola. Ei→Ef Ji→Jf

673.3 1.5~7! d 7969→7296
681.9 1.8~5! d 8651→7969 47/22→
709.1 7.7~16! 5345→4635 33/21→29/21

711.8 3.0~8! d 11467→10756
759.7 7.2~13! 20.21(5) 0.14~11! 20.35(9) 8651→7891 47/22→
767.4 1.0~5! d 4225→3458 27/21→25/21

771.1 5.5~19! d 12560→11789
774.7 2.0~8! d 5000→4225 31/21→27/21

781.4 1.1~5! d 7021→6239
782.2 7.3~12! 0.22~8! 20.28(27) 0.49~13! 6697→5915 39/22→35/22

791.0 78.0~31! 20.25(4) 0.06~7! 0.34~12! 2019→1228 15/22→13/21

793.8 1.6~7! d 7297→6503
798.0 6.7~14! d 11467→10669
801.7 4.9~10! d 8651→7849 47/22→43/22

804.9 3.2~13! 7296→6491
833.5 3.0~13! 7531→6697 43/22→39/22

838.7 1.6~7! d 8689→7849 →43/22

869.8 3.4~12! d 7891→7021
888.8 3.2~10! d 11558→10669
963.4 2.4~7! d 10132→9168 53/21→
978.3 2.1~8! d 4063→3085 →23/21

982.7 8.4~17! 0.34~12! 0.20~20! 0.37~14! 5507→4524 33/21→29/21

1064.7 4.0~15! d 7891→6826
1120.2 1.3~6! d 8651→7531 47/22→43/22

1129.4 3.7~11! 3620→2490 →19/22

1139.8 26.4~13! 0.34~8! 20.05(4) 0.45~9! 4225→3085 27/21→23/21

1143.4 15.3~22! 0.33~8! 0.02~6! 0.32~8! 10132→8989 53/21→49/21

1152.0 5.8~17! 0.13~8! 0.08~11! 0.41~10! 7849→6697 43/22→39/22

1158.5 3.4~14! 6503→5345 →33/21

1164.9 1.4~6! d 4076→2911 27/21→21/21

1177.0 15.1~23! 0.36~10! 20.07(8) 0.35~11! 4635→3458 29/21→25/21

1193.2 2.7~8! 7891→6697 →39/22

1207.0 3.2~8! 0.35~17! 20.15(13) 0.45~13! 5283→4076 31/21→27/21

1228.2 100~29! 0.40~5! 20.08(8) 0.50~8! 1228→0 13/21→7/22

1249.4 6.8~16! 0.37~13! 20.14(15) 0.34~11! 4707→3458 →25/21

1364.2 5.3~20! 4822→3458 →25/21

1524.9 5.0~18! 0.35~3! 20.05(5) 0.40~10! 2752→1228 17/21→13/21

aEnergies obtained from single and coincidence measurements, accurate to60.5 keV.
bg-ray intensities relative to the 1228-keVg-ray intensity.
cDouble line in 143Nd.
dEstimated from coincidence data.
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12 560 keV in excitation energy, is completely different fro
those proposed in the previous works@4,19–21#.

Fortunately, all the strongg rays below the isomer show
an apparent angular distribution effect, in other words,
angular distributions are anisotropic for theg rays depopu-
lating the isomer. The above observation indicates that
alignment of the isomer spin, which was caused by
nuclear reaction, was not completely destroyed by param
netic relaxation effect during the isomer’s lifetime@15#. This
enables the multipolarities of theg rays to be determined b
combining the results of the angular distribution and line
polarization measurements. The results listed in Table I
01430
e
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low straightforward determinations of spins and parities
the yrast and several non-yrast states in143Nd. Some brief
explanations of the level scheme are given below.

Figure 2 shows the summation of two spectra gated on
1525- and 437-keV peaks, respectively. Only the casc
consisting of the 1525-, 437-, and 145-keV transitions are
coincidence with the 1228-keVg ray. Therefore, this cas
cade is proposed to build directly on the first excited state
1228 keV. The order of these transitions is determined fr
the relative intensities in the coincidence spectra. From
results of theg-ray angular distribution and linear polariza
tion measurements, anE2 character for the 1525-keV tran
3-4
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sition is obtained. Thus, the spin and parity of 17/21 are
assigned for the 2752-keV level. Additionally, the time d
tribution of the 1525-keV peak relative to the rf signal ind
cates a delayed component with a long half-life. This ha
life could not be extracted due to its weak population and
improper time window used in theg-rf time distribution
measurement. Because of the high background in the

FIG. 1. ~a! A spectrum ofg rays in coincidence with the 1143
keV g ray within 6450 ns. ~b! Spectrum showing theg rays in
prompt coincidence with the 1143-keV transition.~c! Spectrum of
g rays preceded by the 1143-keV transition by at least 20 ns.

FIG. 2. Summation of two spectra gated on the 1525- and 4
keV g rays, respectively.
01430
-
e

w

energy region, it is impossible to produce reliable time d
tributions for the very weak 437- and 145-keV peaks. T
makes it difficult to determine the isomeric position. How
ever, it is most probable that the 3334-keV state is an iso

7-

FIG. 3. Spectrum ofg rays gated on the 1165-keV transition.

FIG. 4. Level scheme of143Nd proposed in the present work.
3-5
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as suggested in the following weak coupling discussion.
Up to the 5992-keV state, the present spin assignm

confirm the results proposed in Refs.@4# and @21#, but dis-
crepancies for the parity assignments of two levels at 5
and 5283 keV are found between the present and the p
ous works @21#. Additionally, parities are assigned in th
present work to several levels below the 5992-keV state
the first time. Both the 564- and 647-keV transitions, d
populating the 5992-keV level, haveE1 multipolarities.
Both levels populated by these transitions have spin and
ity values of 33/21, so we could assignJp535/22 to the
5992-keV state. However, positive parity was assigned
this state in Ref.@21#. From theM1 andE2 characters of the
299- and 983-keV transitions, spin and parity values
29/21 and 33/21 are assigned to the states at 4524 and 5
keV, respectively. The 224-keV transition depopulates
5507-keV state and feeds the 5283 keV state. This trans
is a stretched magnetic dipole, and thus allows the ass
ment ofJp531/21 to the state at 5283 keV. In Ref.@21#, the
conversion electron measurement suggested that the
keV transition had anE1 multipolarity, so negative parity
was proposed for the 5283-keV state. The weak 1207-k
transition depopulating theJp531/21 5283-keV level shows
a possibleE2 character; thus, the spin and parity of 27/21

are tentatively assigned to the 4076-keV state populated
the 1207-keV transition. The 5915-keV level is connected
the Jp533/21 5345-keV state by the 570-keV transitio
which has anE1 character, yieldingJp535/22 for the 5915-
keV state.

The present work could not provide evidence to reve
the order of the 379- and 92-keV transitions as suggeste
Ref. @21#. The 1232- and 277-keV transitions, which we
put into the level scheme in Ref.@21#, can indeed be assigne
to 143Nd, but both of them show clear coincidences with t
92- and 379-keV transitions. The spectra gated on the 12
and 277-keV transitions are too complicated to be used
locate these two transitions into the level scheme. Instea
the 1232- and 277-keV transitions, the 1165-keV transitio
proposed in the present work to be in parallel with the 11
keV transition. Figure 3 shows the spectrum produced
gating on the 1165-keV peak. This spectrum is contamina
by the 1163-keV peak in142Nd @5,6#, for example, the line
just above 100 keV is the 108-keV peak in142Nd. It seems
that the 1165-keV transition should be located between
2911- and 4076-keV states according to the coincidence
lationships. However, withJp527/21 for the 4076-keV
state, the 1165-keV transition would have anM3 character
and hence its slow transition rate could not compete w
other branches depopulating the 4076-keV state. Due to
doublet character of the 448- and 619-keV transitions,
spin and parity assignments of the 4076-keV state could
be checked with these independent transitions. The spin
parity values of the 4076-keV state together with the 11
keV transition are tentatively presented in the present le
scheme.

The combination of the angular distribution and line
polarization data determines the multipolarity of 782-keVg
ray, which feeds the 5915-keV state from the 6697-k
state, to be stretchedE2. Considering the 5915-keV stat
01430
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with Jp535/22, spin and parity of 39/22 are assigned for
the 6697-keV level. The presentE2 assignment for the 782
keV g ray is not consistent with a dipole character sugges
from the DCO ratio in Ref.@4#. The 1120-, 834-, 802-, and
1152-keV transitions showE2 characters. From their coinci
dence relationships three energy levels are establishe
7531-, 7849-, and 8651-keV with spin and parity values
43/22, 43/22, and 47/22, respectively. The 339-keV trans
tion feeds the 8651-keV state and depopulates the 8989-
state. Based on the analysis of the coincidence spectra
tained with different time conditions, the 8989-keV state
proposed to be an isomer. AnE1 character is assigned to th
339-keV transition and thusJp549/21 can be assigned to
the isomer at 8989 keV.

The 13 g rays lying above the isomer establish nin
states. The 1143-keV transition shows anE2 character, so
the spin and parity of 53/21 are assigned to the 10 132-ke
state. No angular distribution or linear polarization inform
tion is available for the otherg rays.

Above the 8989-keV isomer theg rays have considerabl
intensities. This makes it possible to extract the half-life
the 8989-keV isomer from theg-g-t data. Figure 5~a! shows
the time distribution between the twog-ray groups, which lie
above and below the isomeric state, respectively. The t
distribution between prompt coincidenceg rays is presented
in Fig. 5~b! for comparison. The latter distribution represen
the time jitter of the detection system and its associated e
tronics. A half-life of 3568 ns was extracted for the isome
at 8989 keV from an exponential fit to the curve in Fig. 5~a!.

FIG. 5. ~a! The time distribution between the twog-ray groups
lying above and below the isomeric state at 8989 keV and~b! the
time distribution between prompt coincidenceg rays.
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FIG. 6. Comparison of experimentally ob
served levels in143Nd with those calculated with
the zero-order weak coupling calculation d
scribed in the text. The configurations are give
in terms of the single neutron states and the142Nd
core states.
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IV. DISCUSSION

A. Weak coupling in 143Nd

In the weak coupling framework, it would be expect
that states in143Nd arise from the coupling of the valenc
orbits occupied by the odd neutron to states in the142Nd core
nucleus. The important neutron orbits, which contribute
form yrast states, outside of theN582 closed shell are 2f 7/2,
1h9/2, and 1i 13/2 @4,19–21#. Previous 142Nd(d,p) reaction
data @24–26# suggested that thef 7/2, h9/2, and i 13/2 single
neutron orbits are located at 0, 1.4, and 1.3 MeV, resp
tively. Because of the high angular momentum characte
the i 13/2 orbit, the coupling of thef 7/2 or i 13/2 neutron to the
corresponding states in the142Nd core should compete fo
the yrast states in143Nd.

In the zero-order approximation it is assumed that no
teraction between the valence neutron and core states e
so the energy of a state in143Nd is calculated to be the sum
of the energy of thef 7/2 or i 13/2 single neutron state and tha
of the corresponding state in the142Nd core@5,6#. The pre-
dictions of the weak coupling calculation, which is discuss
in detail in Refs.@4,19–21#, are compared with the exper
mental results in Fig. 6. In addition to the yrast states
number of non-yrast states in143Nd are included in the com
01430
o

c-
of

-
sts,

d

a

parison because they are also easily identified as corresp
ing to states in142Nd.

The energy spacings of the 1228-, 2752-, 3189-, a
3334-keV levels are quite similar to those of the 01, 21,
41, and 61 states in the142Nd core nucleus@5,6#. This simi-
larity is reflected in the calculation by coupling thei 13/2 neu-
tron to the 01, 21, 41, and 61 states in the142Nd core, as
seen in Fig. 6. Because the 61 state in142Nd is a long-lived
isomer@6#, the weak coupling model would expect the 333
keV state, which is formed by coupling thei 13/2 neutron to
the 61 state in 142Nd, to be also an isomeric state. Indee
the time distribution of the 1525-keV peak relative to the
signal is similar to those of the 525- and 1576-keV tran
tions which depopulate the 61 isomer in 142Nd, although the
statistics in the time spectrum for the 1525-keV transition
very low. This may be evidence to support the weak co
pling interpretation of these states. Since nog rays, except
for that of 1228 keV, were observed in coincidence with t
145-, 437-, and 1525-keV transitions, it seems reasonab
assume the 3334-keV state is a long-lived isomer. It is t
long-lived isomer that might isolate the cascade consisting
the 1525-, 437-, and 145-keV transitions. The spin and pa
of 17/21 determined experimentally for the 2752-keV sta
3-7
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are consistent with those predicted by the weak coup
calculation which also suggests spin and parity values
21/21 and 25/21 for the 3189- and 3334-keV states, respe
tively.

The simple weak coupling calculations are generally s
cessful in reproducing the energies of yrast states up to
39/22 yrast level in 143Nd. However, the energy of the ex
perimentally observed 27/21 yrast state is much lower tha
the prediction of the weak coupling calculation, this proble
will be discussed in the next section. Just above theJp

539/22 yrast level, the weak coupling prediction deviat
significantly from the experimental observations, possibly
dicating that theN582 neutron shell closure is broken abo
J539/2. The neutrons, which are excited across theN582
shell gap, would interact strongly with the valence neutro
so that the weak coupling picture would no longer be va
In the following discussion, the breakdown of theN582
shell closure just above the 39/22 state is clearly suggeste
in the deformed independent particle model calculation
should be pointed out that the present weak coupling in
pretation disagrees with that presented in Ref.@21#, where a
different high-lying level scheme was proposed for143Nd,
and all the yrast states with spin assignments up to 43/2 w
successfully reproduced with the weak coupling model.

B. Deformed independent particle model calculation

The deformed independent particle model~DIPM! de-
scribed well the yrast level structure in the146Gd region@16#.
The level configurations deduced from the DIPM calcu
tions agree with the shell model assignments@27,28#. The
calculations also reproduced the measuredg factors and
quadrupole moments of the isomers in146Gd and147Gd @16–
18,29–32#. Moreover, the DIPM calculations reproduced t
energy systematics of the high-lying isomers in theN583
isotones@15#. Therefore, this model could be used realis
cally to interpret the yrast level structure of143Nd.

The construction of model states starts with the analy
of the single particle motion in an axially symmetric pote
tial well. For multiparticle configurations, their wave fun
tion is described by

C5PN,ZF,

where PN,Z is the projector onto the space of states w
neutron numberN and proton numberZ, and F is a BCS
multiquasiparticle state. To each such multiparticle confi
ration the DIPM assigns the energy

E[^H&C2Ẽ1ELD

minimized with respect to the neutron and proton pairing g
parameters and the shape parameters of the single pa
potential. In the above equationH denotes the independen
particle plus monopole pairing force Hamiltonian.Ẽ is
Strutinsky’s smooth sum of the energies of the lowestN
neutron andZ proton states@16#, andELD is the sum of the
surface and Coulomb energies of a liquid drop with t
shape of the single particle potential.Ẽ and ELD are func-
01430
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tions of the shape alone. A more detailed description of
model calculation is given in Ref.@16# and the references
therein. In the calculation, the model states were interpre
having maximal magnetic quantum number in the direct
of the nuclear symmetry axis, that is, the sum of the sing
particle angular momenta of valence nucleons along
symmetry axis was taken as the total angular momentum
the concerned configuration. Figure 7 presents the comp
son between the experimental and calculated level struct
for 143Nd. As for the excitation energy, the newJp549/21

isomer in143Nd follows well the systematics of the high-sp
isomers observed in theN583 isotones@15#. The excitation
energies of these isomers are almost constant at abou
MeV while the proton number changes from 65 to 60. Ho
ever, the calculated excitation energies of the high-spin
mers with a set of fixed parameters, which was origina
chosen to reproduce the characteristics of the high-spin
mer in 147Gd @15#, increase as the proton number decrea
from 65 to 60@15#. In order to achieve the best agreeme
between the experimental and theoretical excitation ener
for the isomer in143Nd, theZ564 proton shell gap energ
between thed5/2 andh11/2 single proton orbits was adjuste
in the present calculation. The calculated excitation ene
@15# for the isomer in147Gd with the set of fixed parameter
was used as a reference energy to optimize the proton s
gap energy for143Nd. It is found that the most suitable pro
ton shell gap energy for143Nd is 1.93 MeV, at which value
the difference in excitation energies between the isomer
147Gd and 143Nd is equal to that observed experimentally

The DIPM reproduces the states up to the 25/21 level in
143Nd, although the model generally predicts higher exci
tion energies than those observed experimentally. The DI
calculation suggests three quasiparticle configurations for
states lying between the 13/21 and 27/21 yrast states. While
the @n f 7/2p(d5/2

22)# and@n f 7/2p(d5/2
21g7/2

21)# configurations are
responsible for the negative-parity states, the positive-pa
states originate from the @n f 7/2p(d5/2

21h11/2)# and
@n f 7/2p(g7/2

21h11/2)# configurations. As presented in Fig. 7
five or seven quasiparticle configurations can be assigne
the states above the 25/21 level. The DIPM calculation
shows that three configurations of@n f 7/2p(d5/2

22g7/2
21h11/2)#,

@n f 7/2p(d5/2
23h11/2)#, and@n f 7/2p(d5/2

21g7/2
22h11/2)# can provide

states withJp527/21 or 29/21, but the calculated excitation
energies for these configurations are much too high co
pared with the experimental ones. The 27/21 and 29/21

states in145Sm were also observed experimentally at re
tively low excitation energies@15#. In a recent recoil distance
half-life measurements of the excited states in145Sm @33#,
the yrast 27/21 state was found to have a half-life of 1.1 n
The excitation energy of the 27/21 state was fairly well re-
produced by the shell model calculation, which indicated t
the strong proton-neutron interaction involving theh9/2 neu-
tron lowered the excitation energy of the 27/21 state in
145Sm @33#. This might be a promising way to reproduce th
27/21 and 29/21 states in143Nd.

Along the yrast line up toJp539/22, only the f 7/2 neu-
tron orbit participates in the configurations. But just abo
the 39/22 level, the DIPM calculation demonstrates that t
3-8
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FIG. 7. Comparison between the experime
tally observed levels in143Nd and those calcu-
lated by the deformed independent particle mod
calculation. The configurations are listed next
the corresponding calculated levels.
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configurations involving three neutrons, implying neutr
excitation across theN582 shell gap, start to compete t
become yrast states. Indeed the configurat
@n(d3/2

21f 7/2i 13/2)p(h11/2
2 )# becomes the yrast level at spin

41/2\. Unfortunately, no level withJ541/2 has been iden
tified experimentally in the present work. Two calculat
43/22 states with excitation energies at 8.55 and 8
MeV, have configurations of @n f 7/2p(d5/2

22g7/2
22h11/2

2 )#
and @n f 7/2p(d5/2

23g7/2
21h11/2

2 )#, respectively. While
the other two @n( f 7/2h9/2i 13/2)p(g7/2

21h11/2)# and
@n( f 7/2h9/2i 13/2)p(d5/2

21h11/2)# configurations can also provid
43/22 states with comparable excitation energies at 8.92
8.96 MeV, respectively, these configurations involve the p
motion of neutrons across theN582 shell gap. Therefore, i
is quite possible that theN582 neutron shell closure is bro
ken aboveJ539/2. This may be a possible reason why t
weak coupling predictions deviate significantly from the e
perimental observations above the 39/22 level.

The DIPM calculation suggests the 49/21 isomer in143Nd
to be a stretched configuration of@n( f 7/2h9/2i 13/2)p(h11/2

2 )#.
This isomer was depopulated mainly by the 339-keV elec
dipole transition. Based on the measured half-life of 35
01430
n

7

d
-

-

c
s

and the decay branching ratio for the 339-keV transition
reduced transition probabilityB(E1) of 1.64(0.33)31027

Weisskopf units~W.u.! could be obtained for the 49/21

→47/22E1 transition.
In the DIPM calculations, the nuclear deformation is r

stricted to purely ellipsoidal shapes and is, thus, described
the single parameterb5(16p/5)1/2(q21)/(q12) @16#,
whereq denotes the ratio between the distance of the po
and the diameter of the equator. The calculated deforma
parametersb for the yrast states in143Nd are shown in Fig.
8. For comparison, Fig. 8 also displays the calculatedb val-
ues for the yrast states in147Gd as a function of spin, where
three yrast isomers were identified with spin and parity v
ues of 13/21, 27/22, and 49/21 @17,18#. The deformation
parameters,b, for the isomers in147Gd were deduced from
the measured quadrupole moments@17,18#, and these experi-
mental deformation values are well reproduced by the DIP
calculation as seen in Fig. 8. The DIPM calculations sh
the same trend in deformation along the yrast line in143Nd
and 147Gd. Below the yrast 49/21 isomer, the yrast state
have near spherical shapes with small deformations, ran
from 0 to 20.1, but the deformation increases suddenly
3-9
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the 49/21 isomeric position. Ab value of20.18 is obtained
for the 49/21 isomer in 143Nd. In the N583 isotones the
49/21 isomers have a neutron configuration
@(d3/2

22)0f 7/2h9/2i 13/2#. The large deformation of the 49/21

isomers is caused by the two (d3/2
22)0 neutron holes in this

configuration, since the large quadratic term in theb depen-

FIG. 8. The calculated deformation parametersb for the yrast
states as a function of spin in143Nd and 147Gd, shown by the solid
and dotted lines, respectively. The experimentalb values for the
13/21, 27/22, and 49/21 isomers in 147Gd are indicated by the
crosses.
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01430
dence of thed3/2 orbit energy drives the nucleus towards
large oblate deformation@16#. As with the isomers in the
heavier isotones, the occurrence of the 49/21 isomer in
143Nd can be interpreted as being caused by the sud
change in nuclear shape along the yrast line.

V. SUMMARY

The level scheme of143Nd has been extended up t
12 560 keV in excitation energy, including an isomer at 89
keV with a measured half-life of 3568 ns. The spin and
parity of 49/21 have been assigned to the isomer in143Nd.
The high-lying part of the level scheme proposed in t
present work is completely different from previously pu
lished ones.

While the low-lying states in143Nd can be reproduced b
the weak coupling of anf 7/2 or i 13/2 neutron to the states in
the 142Nd core nucleus, the breakdown of the simple we
coupling prediction has been observed above the state
Jp539/22. This might indicate that theN582 neutron shell
closure was broken, and neutrons below theN582 shell
were promoted across the shell gap to participate in gene
ing angular moments above the state withJp539/22.

The DIPM calculation can reproduce the yrast states
143Nd, but the predicted excitation energies are gener
higher than those observed experimentally. The DIPM c
culation has suggested the 49/21 isomer in 143Nd to be of a
stretched configuration@n( f 7/2h9/2i 13/2)p(h11/2

2 )#, which in-
duces a sudden increase in nuclear deformation along
yrast line, and may cause the isomerism.
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