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The 143Dy nucleus has been studied with the92Mo (54Fe, 2png) reaction at 240 MeV incident energy. A
rich variety of structures was observed at high spin. The nearly sphericalnh11/2 I 511/2 isomer is the basis of
a negative parity irregular yrast structure which is observed up toI 551/2. A positive parity band presenting a
large dynamic moment of inertia was observed, similar to the deformation enhancedn i 13/2 bands known to
exist in this mass region. However, we propose an alternative assignment for this band, namely the triaxial
collective minimum withb50.2 predicted by total Routhian surface calculations for aNosc54 quasineutron
excitation coupled to pairs of aligned quasiparticles. Another negative parity structure, with strongM1 and
weakE2 crossover transitions, was observed.

PACS number~s!: 21.10.Re, 23.20.En, 23.20.Lv, 27.60.1j
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I. INTRODUCTION

Neutron-deficient nuclei in theA'140 mass region dis
play a rich variety of band structures. Axially symmetr
prolate shapes~g50°! are favored for theh11/2 quasiproton
excitations from the lower midshell in these nuclei wi
g-soft cores. The quasineutrons, on the other hand, from
upper part of this shell exert a driving force towards colle
tively rotating oblate nuclear shapes~g5260°, according to
the Lund convention@1#!, resulting in shape changes in the
nuclei. The systematics of the strongly deformation drivi
intruder orbitaln i 13/2 @660#1/21 have been extensively in
vestigated in recent years in several odd-N (N573,77) nu-
clei in the mass 130–140 region~Refs.@2–10#!. In 133Nd a
g-factor measurement@11# for a positive parity band has con
firmed then i 13/2 configuration assignment. The experimen
data obtained up to now in several of these nuclei, includ
in particular, the measured quadrupole moments, are co
tent with the prediction@12# of a quadrupole deformation o
b'0.35 for then i 13/2 configuration, a value close to a prola
nuclear shape with a 3:2 axis ratio. The decoupledn i 13/2
bandhead energies and deformations of odd-N nuclei of this
region (Z556–64) and (N569–77) have also been system
atically investigated using the Nilsson-Strutinsky meth
@13#.

*Permanent address: Institute of Physics and Nuclear Engin
ing, Bucharest, Romania.
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With a view to extend the systematics of thei 13/2 band,
we recently performed an experiment to produce and inv
tigate extremely neutron deficient Dy nuclei in theA'140
region, by means of the54Fe192Mo reaction at 240-MeV
incident energy. Of the various nuclei~with Z563 to 66;
N575 to 78! produced in this experiment, the 3p channel
leading to143Tb was the strongest one populated at the in
dent energy used, and the results on the high-spin struct
populated in143Tb were described in@14#. We report here
the results on the 2pn channel leading to the odd nucleu
143Dy which was among the six most intense channels po
lated in the experiment. No data on excited states of143Dy
have been published previous to this work.

II. EXPERIMENTAL PROCEDURES

The high spin states in the odd-N nucleus 143Dy have
been populated by the92Mo (54Fe,2png)143Dy reaction at
240-MeV incident beam energy. The target used was an
proximately 1.0 mg/cm2 thick enriched~.97%! 92Mo foil.
The beam was provided by the tandem XTU accelerato
Legnaro National Laboratories. Gamma rays have been
tected using the GASP array@15# composed of 40 Compton
suppressed high-efficiency HPGe and the 80-element B
inner ball. The multi-telescope light-charged-particle det
tor array~ISIS! @16#, consisting of 40 Si surface-barrierDE
2E telescopes, enabled the selection of the multiplicities
the evaporated charged particles in coincidence with the
servedg rays. In order to permit the identification of th
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various masses produced in the reaction, the recoil m
spectrometer~RMS! @17# was coupled to GASP. The
coupled GASP-RMS system has an intrinsic mass resolu
better than 1/300 and the average transmission efficienc
this experiment was about 1%~efficiencies of this order of
magnitude are usual for charged particle emission react
and with relatively thick targets@18#!. Events have been col
lected on tape when at least two Compton-suppressed H
detectors and two BGO detectors fired in coincidence
total of 1.33109 Compton-suppressed events was collect
The data have been sorted into charged particle-g-g, mass-
g-g andg-g-g cubes.

According toCASCADE code@19# calculations the follow-
ing cross sections were expected for the evaporation reac
channels: about 100 mb for143Tb, 40 to 60 mb for each o
142Gd, 143Dy, 140Gd, 142Tb, 20 to 30 mb for each of141Tb
and 144Dy, about 10 mb for each of137,139Eu, 140Tb and 2
mb or less for 141Dy and others. These predictions a
roughly consistent with our experimentally observed yield

Due to the fact that the efficiency of the charged parti
detection system is not 100%, the observedg-ray spectra
gated by charged particle type and fold contain transiti
from higher particle multiplicity channels. We have used l
ear combinations of particle-gatedg-g matrices to generate
clean spectra consisting of transitions from each individ
charged particle multiplicity channel of the reaction. As ne
trons were not detected, this procedure does not allow
separation of the contribution of different neutron multipli
ity channels. The comparison with the mass-143 gated s
tra then permitted unambiguous assignment of sev
g-transitions to the143Dy nucleus ~Fig. 1!. Background-
subtracted spectra generated from those matrices were
to construct the level scheme of143Dy. The data were ana
lyzed using theVAXPAK @20# and RADWARE @21# spectrum
analysis codes. The fully symmetrizedg-g-g cube was used
to constructg-g matrices in coincidence with several trans
tions in each observed cascade. This procedure is particu
important for the weaker transitions~relative intensity below
about 3%!, which can be confirmed only in the double-gat
spectra.

The assignment of the spins and parities to the143Dy
levels was based on the DCO~directional correlation from
oriented states! ratios. Ag-g matrix was constructed by sor
ing the data from the eight detectors positioned at the
and 108° rings in the GASP array against the 12 detector
the 34° and the 146° rings. Gates were set on both axe
several strong quadrupole transitions and the intensity
other transitions observed in the two spectra has been
tracted. IfI g~72°1108°! and I g~34°1146°! represent the in-
tensity of a transition when gating on the~72°1108°! rings
and ~34°1146°! rings, respectively, the theoretical DCO r
tios

RDCO5
I g~72°1108°!

I g~34°1146°!
,

which one obtains, for the present geometry, areRDCO
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ss

n
in

ns

Ge
A
.

on

.
e

s
-

l
-
e

c-
al

sed

rly

°
in
on
of
x-

51.00 for quadrupole transitions andRDCO50.55 for pure
dipole transitions. Furthermore,DI 50 dipole transitions
yield RDCO51.07.

III. RESULTS

The level scheme of143Dy deduced from the presen
work is shown in Fig. 2. It is consistent with the coinciden
relationships, intensity and energy balances from
2p-gated matrix and double-gates of theg-g-g cube~except
for the cases explicitly mentioned below!. Theg-ray energies
and relative intensities of all the transitions assigned to143Dy
are given in Table I, which also shows the DCO ratios a
the resulting spin and parity assignments. These assignm
are, however, all based on the assumption that the spin~par-
ity! of the level populated by the 495 keV transition is11

2
2,

which is inferred from systematics of the mass region a
from the close similarity to the level scheme of the isoto
141Gd @10#. The assignments without parentheses are, th
fore, to be regarded as certain, from the DCO results, rela
to the spin of that state.

Due to the fact that theDI 50 dipole transitions yield an
RDCO ratio close to that of a stretched quadrupole, there is
ambiguity of interpretation for the weak transitions~with
larger uncertainties!. This is the case of the 514 keV trans

FIG. 1. Gamma-ray spectrum~not efficiency corrected! in coin-
cidence with the 530 keV line (143Dy). ~a! Gated with mass 143
~b! gated with particle fold 2p. The peaks present in both spect
can be assigned to143Dy. Their energy is shown in keV. The othe
peaks are contaminants from143Tb in spectrum~a! and 144Dy in
spectrum~b!.
1-2



the

HIGH-SPIN STATE SPECTROSCOPY OF143Dy PHYSICAL REVIEW C 62 064301
FIG. 2. The level scheme of143Dy. The energies of theg-ray transitions are given in keV. The width of the arrows is proportional to
g -ray relative intensity.
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tion linking ~together with the 1060 keV line! band 4 to the
19
2

2 state. For this reason, another possible assignm
would be two units larger for all the states of band 4. Th
ambiguity has no important consequence with regards to
interpretation of this band, discussed below.

There are some alternatives with respect to the ordering
the transitions in the weakly populated cascade presente
the left of structure 1 in Fig. 2. They are presented in order
decreasing relative intensity but other possibilities are co
sistent within the experimental errors.

Figure 3 shows a sum of clean double gates of the po
tive parity band of143Dy ~band 4!. The coincidence relation-
ships can be verified to be consistent with the observed sp
trum. It is apparent from the figure that the sum of th
relative intensities of the 184 and 251 keV transitions whi

decay from the (32
2) is significantly below that of the feed-

ing transition 221 keV, indicating that the (3
2

2) state is iso-
meric and/or its decay is fragmented in additional uno
served lines. A similar situation happens with the low
states of bands 5 and 6. The intensity balance of the11

2
2

states shows a loss of observed intensity in the decays.
order of the transitions is fixed, however, by the interba
transitions which are well established from the analysis
the double-gated spectra.
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IV. DISCUSSION

A. The negative parity bands

The nearly sphericalnh11/2 I 511/2 state is the basis of
negative parity irregular yrast structure which is observed
143Dy ~band 2! up to I 551/2. The irregularity and the pres
ence of dipole transitions within the cascade indicate
weakly deformed structure. The transitions of structure 2
the linking transitions between structures 2 and 1 in143Dy
have an almost one-to-one correspondence in141Gd @10#,
indicating a strong similarity between the negative pa
states. Similar states have been successfully described w
the IBFM1 broken pairs model@22# in 137Nd @8# and 139Sm
@9#. A stretchedE2 cascade, band 6 appears to be yrast
tween spinI 523/2 andI 535/2. However, it is much les
intense than the main sequence~band 2!, indicating that it is
not fed from higher spin yrast states. There is no clear
respondence between band 6 and the negative parity s
tures in the neighboring isotones.

Another negative parity band~structure 1, aboveI 5 27
2 ),

with strongM1 and rather weakE2 crossover transitions i
a possible magnetic rotation band@23,24#, based on the
@h11/2#

2 proton particle pair and@h11/2#
21 neutron hole con-

figuration. This type of band appears as a solution of
1-3
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TABLE I. Gamma-ray energy, initial and final excitation energy, spin assignments, relative intensit
DCO ratio for the transitions in143Dy. Ei andEf are the energies of the initial and final states correspond
to each transition. Theg-ray energies are accurate to60.2 keV rising to60.5 keV for the weak transitions
and above 1 MeV. The relative intensities were obtained from the analysis of the 2p-gated background
subtracted~clean! matrix. The uncertainties given may be underestimated for the very weak trans
~below about 3!.

Eg Ei Ef I i
p→I f

p I g DCO ratio
@keV# @keV# @keV#

~29.9!a 1558.0 1529.1 (17/22)→19/22 0.19~3!

66.7 66.7 0.0 (1/21)→(1/21) 2~1!

112.7 6029.0 5916.2 0.32~3! 0.44~15!

122.1 432.7 310.6 →11/22 1.0~3!b 0.57~15!

151.5 845.3 693.5 11/22→11/22 0.02~3!

161.2 471.8 310.6 7/22→11/22 0.36~8! 1.08~23!

183.8 2058.7 1874.9 19/22→17/22 4.97~28! 0.52~7!

184.2 250.9 66.7 3/22→(1/21) 0.4~5! 1.18~15!

185.7 3851.9 3666.3 31/22→29/22 1.85~11!

198.7 1044.2 845.3 15/22→11/22 0.07~6!

209.8 3248.2 3038.4 27/22→25/22 11.11~43! 0.55~6!

220.9 471.8 250.9 7/22→3/22 1.09~21! 1.3~2!

221.8 693.5 471.8 11/22→7/22 1.84~17! 0.94~20!

236.0 3676.2 3440.3 31/22→29/22 5.41~22! 0.61~5!

250.9 250.9 0.0 3/22→(1/21) 0.4~4! 1.08~15!

260.0 3133.3 2873.4 27/22→(25/22) 2.01~13! 0.60~13!

279.0 3651.0 3372.0 (29/22)→(27/22) 2.01~16! 0.59~10!

293.3 2234.7 1941.6 (21/22)→(19/22) 2.39~19!

307.0 3440.3 3133.3 29/22→27/22 12.3~5! 0.57~3!

318.0 2873.4 2555.7 (25/22)→(23/22) 3.42~24!

321.2 2555.7 2234.7 (23/22)→(21/22) 5.29~36! 0.58~21!

324.2 4384.2 4060.0 35/22→33/22 3.67~19! 0.45~18!

327.7c 3201.1 2873.4 →25/22 2.4~24!

333.2 5916.2 5583.1 1.02~10! 0.44~15!

350.7 1044.2 693.5 15/22→11/22 3.65~20!

356.7 3162.7 2806.0 (25/22)→(21/22) 2.1~6! 0.84~7!

366.2 1409.4 1044.2 15/22→15/22 0.14~8!

370.9 5230.9 4859.9 (39/22)→(37/22) 1.52~16!

373.6 845.3 471.8 11/22→7/22 2.08~23! 0.94~16!

383.5 2442.2 2058.7 23/22→19/22 26.8~12! 0.97~12!

383.8 1941.6 1558.0 (19/22)→(17/22) 5.7~6!

383.9 4060.0 3676.2 33/22→31/22 7.1~5!

418.4 3666.3 3248.2 29/22→27/22 3.05~25! 0.66~9!

444.4 1941.6 1497.3 19/22→ 3.73~29!

462.3 2312.0 1849.7 (23/22)→(19/22) 3.3~5! 1.19~13!

467.6 4376.0 3908.4 0.74~26!

468.2 3908.4 3440.3 →29/22 3.9~4!

475.6 4859.9 4384.2 (37/22)→35/22 2.51~21!

487.5 2579.1 2091.6 (17/21)→(13/21) 1.08~18!

495.0 805.6 310.6 15/22→11/22 100.0~10!d 1.00~6!

501.1 2058.7 1558.0 19/22→(17/22) 5.6~5!

504.5 2579.1 2073.3 (17/22)→19/22 0.21~14!

513.6 3104.0 2590.0 (21/21)→(21/22) 0.88~21! 1.18~33!

524.9 3104.0 2579.1 (21/21)→(17/21) 4.2~5! 1.06~17!

529.5 2058.7 1529.1 19/22→19/22 15.8~9! 1.17~7!

535.9 4387.8 3851.9 →31/22 2.19~29!

537.3 1581.5 1044.2 19/22→15/22 4.09~27! 1.12~11!
064301-4
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TABLE I. ~Continued!.

Eg Ei Ef I i
p→I f

p I g DCO ratio
@keV# @keV# @keV#

542.8 3676.2 3133.3 31/22→27/22 7.7~4! 1.19~15!

550.5 3713.2 3162.7 (29/2)→(25/2) 2.0~4!

557.2c 4465.6c 3908.4 1.49~15!

564.1 1409.4 845.3 15/22→11/22 3.20~28! 1.04~12!

571.3 3675.2 3104.0 (25/21)→(21/21) 6.4~6! 1.25~20!

574.5 1497.3 922.8 5.3~7!

577.2 1009.9 432.7 13/22→ 9.8~14! 0.57~11!

577.4 3133.3 2555.7 27/22→(23/22) 5.57~39!

596.3 3038.4 2442.2 25/22→23/22 17.1~7! 0.46~6!

603.7 3851.9 3248.2 31/22→27/22 10.1~4! 0.92~10!

612.4 922.8 310.6 9.55~10!

613.9 2555.7 1941.6 (23/22)→(19/22) 8.5~6!

619.2 4060.0 3440.3 33/22→29/22 2.26~23!

628.2c 3666.3 3038.4 29/22→25/22 1.61~29!

635.3 1558.0 922.8 (17/22)→ 4.4~5!

637.2 4312.4 3675.2 (29/21)→(25/21) 5.4~5!

638.7 2873.4 2234.7 (25/22)→(21/22) 8.4~6!

644.6 4232.1 3587.5 35/22→31/22 0.68~18! 1.1~4!

645.4c 3201.1c 2555.7 (27/22)→(23/22) 5.6~5!

650.1 2231.6 1581.5 23/22→19/22 4.01~34! 1.25~12!

658.0 3038.4 2379.3 25/22→23/22 1.90~22!

663.9 2073.3 1409.4 19/22→15/22 2.60~34! 0.95~13!

671.9 3587.5 2915.6 31/22→27/22 1.9~4! 1.33~16!

676.4 2234.7 1558.0 (21/22)→(17/22) 6.4~7!

682.8 2091.6 1409.4 (13/21)→15/22 0.9~4!

684.0 2915.6 2231.6 27/22→23/22 2.89~24! 1.2~2!

686.9 2760.2 2073.3 23/22→19/22 1.24~25!

700.2 1009.9 310.6 13/22→11/22 1.9~6!

706.2 2234.7 1529.1 (21/22)→19/22 5.4~6!

707.3 5019.7 4312.4 33/22→29/22 5.0~4!

707.9 4384.2 3676.2 35/22→31/22 5.4~4! 1.15~13!

722.7 4435.9 3713.2 (33/2)→(29/2) 1.3~4!

723.4 1529.1 805.6 19/22→15/22 68.4~29! 1.08~4!

731.4 7010.3 6279.0 47/22→43/22 4.54~25! 1.1~2!

733.6 3175.7 2442.2 →23/22 5.1~6!

752.5 1558.0 805.6 (17/22)→15/22 25.8~22!

753.8 3133.3 2379.3 27/22→23/22 12.2~8! 1.05~7!

762.6 5583.1 4820.4 →(31/22) 1.92~29!

769.4 6279.0 5509.5 43/22→39/22 6.06~31! 1.01~18!

773.5 5793.2 5019.7 (37/21)→(33/21) 3.14~37!

799.8 4859.9 4060.0 (37/22)→33/22 2.39~34!

803.6 4655.6 3851.9 35/22→31/22 10.6~5! 1.12~13!

821.7c 3201.1c 2379.3 →23/22 3.9~6!

835.4 6628.6 5793.2 (41/21)→(37/21) 2.09~28!

847.1 5230.9 4384.2 (39/22)→35/22 3.41~35!

850.0 2379.3 1529.1 23/22→19/22 30.5~16! 1.08~3!

854.0 5509.5 4655.6 39/22→35/22 7.35~38! 1.12~17!

858.4 5294.3 4435.9 (37/2)→(33/2) 1.00~21!

864.6 4040.3 3175.7 2.6~4!

865.0 1874.9 1009.9 17/22→13/22 4.1~7! 1.26~7!e

892.4 3271.6 2379.3 →23/22 3.7~6!

893.1 7903.5 7010.3 51/22→47/22 1.84~18! 1.16~28!
064301-5
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TABLE I. ~Continued!.

Eg Ei Ef I i
p→I f

p I g DCO ratio
@keV# @keV# @keV#

898.5 7527.1 6628.6 (45/21)→(41/21) 0.81~25!

934.2 6165.1 5230.9 →39/22 3.48~30!

970.4 8497.4 7527.1 (49/21)→(45/21) 0.24~22!

1044.1 1849.7 805.6 (19/22)→15/22 5.4~19! 1.09~16!

1049.9 2579.1 1529.1 (17/21)→19/22 2.3~5! 0.68~24!

1060.1 3372.0 2312.0 (27/22)→(23/22) 2.9~5! 0.61~9!

1060.1 2590.0 1529.1 (21/22)→19/22 4.8~12! 0.35~16!

1069.4 1874.9 805.6 17/22→15/22 1.66~36!

1169.5 4820.4 3651.0 (31/22)→(29/22) 1.86~23! 0.55~16!

1276.9 2806.0 1529.1 (21/2)→19/22 1.5~6! 0.57~10!

aGamma-ray below experimental energy threshold. Inferred indirectly from coincidence relations.
bObserved intensity. Probable decay from isomeric state leading to underestimated value.
cTentative gamma ray or level. Not shown in level scheme for simplicity.
dSum of the intensities of the transitions feeding the 15/22 level: 1044, 752, 1069, and 723 keV, normalize
to 100.
eContaminated.
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tilted axis cranking model applied to nearly spherical nuc
The particle and hole excitations tend to couple their ang
momenta perpendicularly. In order to generate higher sp
the angular momentum vectors of particles and holes gra
ally align, resembling the closing of a pair of blades. For t
reason this type of band is also known as a ‘‘shears ban
In 143Dy, the M1 band appears as a rather irregular ba
which is an exception among the neighboring isotones,
may not be the expected band based on the shears m
nism.

TheB(M1)/B(E2) ratios obtained for the levels of struc
ture 1 are shown in Fig. 4. The levels belowI 5 29

2 present
lower values for this ratio than the ones above, suggestin
change in configuration. TheEg5754 keVE2 interband
transition was not considered in the calculation of the ra
for the I 5 27

2 state. In141Gd @10# there are noM1 transitions,
observed below spin25

2 , which connect theM1 structure to

the (17
2

2) state, as in band 1. TheB(M1)/B(E2) ratios for

FIG. 3. Sum of clean double gates for the positive parity band
143Dy ~band 4!. The in-band transitions are indicated with arrow
The linking transitions, as well as the low lying transitions fed
the band can also be seen.
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band 1 are relatively small~by a factor of 2–3! as compared
to those for the magnetic rotation bands of137Nd @8# and
139Sm @24#.

B. The positive parity band

A very regular structure consisting of stretchedE2 tran-
sitions, presenting a large dynamic moment of inertia, w
observed in143Dy ~band 4!. It is very tempting to assign to
this structure then i 13/2 configuration, which is known to gen
erate enhanced deformation bands in this region, in part
lar, in theN577 isotones:137Nd @8#, 139Sm @9#, and 141Gd
@10#. However the TRS calculations which will be present
in the next subsection indicate another possible interpreta
for 143Dy which cannot be ruled out with the presently ava
able experimental data. Figure 5 shows the dynamic m
ments of inertia for the positive parity bands of theN577
isotones. Both143Dy and 137Nd show very stable moment
of inertia around 60\2/MeV. The 137Nd nucleus is the heavi
est Nd isotope for which the transition quadrupole mom

f
.

FIG. 4. Ratio of reduced transition probabilitiesB(M1)/B(E2)
as a function of spin for structure 1 in143Dy.
1-6
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of the n i 13/2 band has been measured. It has the least
formed i 13/2 band of the Nd isotopes since the number
neutrons is departing from theN572 gap, whose role in
stabilizing enhanced deformations has been discussed i
article by Kondevet al. @25#.

C. Theoretical calculations

Standard total Routhian surface~TRS! calculations@12#
were obtained for the yrast positive parity configurations
theN577 isotones. The results, presented in Fig. 6, show
interesting trend as one increases the number of protons
Z560 toZ566. Besides theb'0.3 minimum, with positive
g, which has been assigned to the Ndi 13/2 band, an addi-
tional minimum appears aroundb'0.2,g'230°, which be-
comes favored in143Dy. The configuration of this minimum
is based on positive parity neutron states of theNosc54 os-
cillator shell ~from mixednd3/2,s1/2,g7/2 states on a spheri

FIG. 5. Dynamic moments of inertia for positive parity bands
N577 isotones~circles 143Dy, squares141Gd, diamonds139Sm,
and triangles137Nd).
06430
e-
f

an

n
m

cal basis, or@400# 1
2

1, @402# 3
2

1, @404# 5
2

1, @402# 5
2

1 and oth-
ers on the deformed basis! coupled to a broken pair o
intruder Nosc55 (h11/2) aligned protons. Also, the least ex
cited Nosc55 ~from mixed g9/2, f 7/2 states! neutron pair
gradually aligns in the frequency range of the band. T
minimum constitutes another possible interpretation for
positive parity band of143Dy. It should be noted that due t
a compensation between the degree of collectivity and de
mation, the two minima should present rather similar m
ments of inertia.

The quasiparticle Routhians for a deformed Woods-Sa
potential calculated for143Dy are shown in Fig. 7. The de
formation and the pairing gap parameters used were obta
from the TRS results~above! at a rotational frequency o

FIG. 6. Total Routhian surface calculations for positive par
configurations at\v'0.5 MeV in N577 odd nuclei fromZ560 to
Z566: ~a! 137Nd, ~b! 139Sm, ~c! 141Gd, and~d! 143Dy.
-

s

FIG. 7. Quasiparticle
Routhians for143Dy ~a! quasineu-
trons and ~b! quasiprotons with
deformation parameters corre
sponding to the absolute minimum
of Fig. 3~d!: b50.2, g5230°; ~c!
quasineutrons and~d! quasipro-
tons with deformation parameter
corresponding to then i 13/2 local
minimum: b50.29, g519°. The
line type indicates the parity and
signature ~p,a!: solid ~1,1/2!,
dotted ~1,21/2!, dashed~2,21/
2!, and dot-dashed~2,1/2!.
1-7
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\v'0.5 MeV ~for each of the two minima!, but were kept
fixed at all frequencies. Then i 13/2 quasineutron state is out o
scale at low frequency in Fig. 7~a! and crosses with the low
estN54 positive parity state at\v'0.7 MeV, while in Fig.
7~c! it is the lowest positive parity configuration above\v
'0.15 MeV. It should be noted that the calculations cor
sponding to then i 13/2 minimum for 143Dy and 137Nd
quasineutrons are very similar, since they are isotones,
the equilibrium deformations are nearly the same.

Figure 8 presents relative spin plots with respect to a
ear reference (I ref50.06\v26.5) which is a rough descrip
tion of the 143Dy data@Fig. 8~a!#. The relative spin for137Nd
is about 5 units larger, with a little larger dynamic mome
of inertia ~the slight upward slope observed!. The TRS cal-
culations are also shown in the figure and are in very g
qualitative agreement with the experimental results for b
nuclei. The moment of inertia for Nd is larger than for D
although this effect is overestimated in the calculation. T
spin for these two shapes at the same frequency is both
culated and observed to be smaller in the heaviest isoton
addition, the Dy band is observed down toI 513/2, while in
Nd, I 519/2 was the lowest spin populated. The calculatio
predict that the shape is stable~at the referred minimum! in
Dy in the frequency range from 300 keV to 500 keV, coi
ciding very well with the range of the band observed expe
mentally. In Nd the shape is calculated to be stable ab
400 keV, roughly coinciding with the beginning of the o
served band at about 330 keV. The steep jumps in the th
retical plots correspond to sudden changes in the yrast e
librium deformation. For the other two intermediate isoton
(139Sm, 141Gd) there is reasonably good agreement@Fig.
8~b!#, and there appears to be a strong suggestion of a t
sition between the two deformation minima as predicted
TRS calculations. However, the amount of the alignment
crease in the transition is overestimated. In summary, the
a good overall interpretation for the positive parity bands
the N577 isotones assuming competition between the
positive parity minima with the two distinct configuration

FIG. 8. Relative alignments for the positive parity bands ofN
577 isotones. A reference ofI ref50.06\v26.5 was subtracted
The circles, triangles, squares, and plus signs are the experim
data for Dy, Nd, Gd, and Sm, respectively. The solid and dot
lines are the TRS calculations for Dy and Nd respectively in~a!,
and for Gd and Sm in~b!.
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The general trends are predicted by the TRS calculation
In the alternative assignment of thei 13/2 basic configura-

tion ~and shape! for all of these bands, the behavior of th
relative spins~as in Fig. 8! could perhaps be explained by th
possibility that a pair ofh11/2 quasiprotons align generatin
the observed upward slopes in Sm and Gd. The cros
frequency would be increasing fromZ560 to Z566, as ex-
pected, since the proton chemical potential is being raised
this case the Dy band would be completely below the cro
ing while that of Nd would be completely above. The 5 un
of spin difference would come from the alignment of th
quasiproton pair. Although this is a satisfactory interpre
tion, the predicted crossing frequencies of theh11/2 proton
pair ~from calculations of the same type as in Fig. 6! have
only a modest increase from 0.28 MeV to 0.38 MeV fro
Nd to Dy. In Gd the quasiproton alignment has been cons
ered ‘‘perturbed.’’ It appears to be delayed and to have
unusually large interaction strength. The situation is, the
fore, also not very clear.

In 137Nd the measured transition quadrupole momen
consistent with the predictedb'0.3 deformation, when the
positive g deformation~towards the noncollective shape! is
taken into account@26#. For 143Dy, a similar transition quad-
rupole moment is expected, since the negativeg ~in the col-
lective sector! compensates for the decrease inb deforma-
tion.

V. CONCLUSIONS

The high spin states of the very neutron deficient nucl
of 143Dy have been measured for the first time. Among t
structures observed, there is aM1 band, somewhat irregular
and a very regular positive parity band presenting large
namic moment of inertia. Two possible assignments h
been considered for the configuration of this band, with d
ferent deformations: one based on thei 13/2 coupled toNosc
55 quasineutron states, and the other on low-j Nosc54
positive parity states coupled to high-j Nosc55 protons and
neutrons. We suggest that this second configuration co
also be involved in the perturbed positive parity bands of
Gd and Sm isotones. It would be interesting to measure l
times of the individual states of these bands. In order
distinguish between the two possible assignments, ag-factor
measurement would be adequate, since they differ, am
other things, by a broken pair of protons. This is a ve
difficult measurement, however, due to the weak relative
tensity of the gamma cascade and the short lifetimes
pected.
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