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High spin band structure in 139Nd*
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Abstract High-spin states in 139Nd nucleus have been reinvestigated with the reaction 128Te (16O, 5n) at a

beam energy of 90 MeV. The level scheme has been expanded with spin up to 47/2 ~. At the low spin states,

the yrast collective structure built on the νh−1
11/2 multiplet shows a transitional shape with γ ≈ 32◦ according

to calculations of the triaxial rotor-plus-particle model. Three collective oblate bands with γ ∼ −60◦ at the

high spin states were identified for the first time. A band crossing is observed around ~ω ∼0.4 MeV in one

oblate band based on the 25/2− level.
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1 Introduction

The odd-A 139Nd nucleus with Z=60 and N=79

lies in the transitional region with the neutron num-

ber approaching the closed shell at N=82. In this

region, their level structures exhibit complex charac-

teristics as existence of competition between the col-

lective motion and the single-particle motion. At high

spin states, as the proton Fermi surface lies near the

bottom of the πh11/2 subshell and the neutron Fermi

surface lies near the top of the νh11/2 subshell, the ro-

tational alignment of a pair of protons from the lower

h11/2 midshell drives the nucleus to a near-prolate

(γ ∼ 0◦) shape while the rotational alignment of a pair

of h11/2 neutrons from the upper midshell drives the

nucleus to an oblate shape (γ ∼−60◦)[1] in the Lund

convention[2]. Thus, the different excitations of quasi-

particles may drive a nucleus to form different shapes

and sometimes shape coexistence may be observed in

a nucleus[3]. In previous publications, the high spin

levels of many nuclei in this region, such as in 137La[4],
137Ce[5], 138Pr[6], 137Nd[7] and 140Nd[8], have been ex-

tensively researched. In the previous works on 139Nd,

some lower spin levels by using the (16O, 5n)[9] and

(α, xn)[10, 11] reactions were reported. At very high

spin states the triaxial superdeformed bands were ob-

served through the (48Ca, 4n) reaction [12]. In this

article, we report on experimental research on high-

spin states and collective-band structures in 139Nd in

more detail. When this work was in progress, Kumar

et al. [13] published some high-spin states in 139Nd.

Comparing with the results obtained in Ref. [13], we

updated the high-spin scheme of 139Nd. Some new

levels and transitions have been identified, a collective

band structure reported in Ref. [13] is rearranged, and

so that the three new oblate bands have been newly

observed.

2 Experiment and results

High spin states in 139Nd were populated via the
128Te(16O, 5n) fusion evaporation reaction at a beam

energy of 90 MeV. An isotopically enriched 128Te tar-

get of thickness 2.7 mg/cm2 evaporated on a natural
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aurum backing of 22 mg/cm2 was bombarded by a

beam of 16O ions accelerated by the HI-13 accelera-

tor at the China Institute of Atomic Energy (CIAE).

An array of fourteen Compton-suppressed Ge detec-

tors was employed to measure the in-beam γ-rays.

The resolutions of the Ge detectors are between 1.8

and 2.2 keV at 1.333 MeV γ-ray energy. A γ-γ coin-

cidence matrix was built, from which the γ-γ coinci-

dence dada analysis was carried out. After subtract-

ing background, about 5.8×107 efficient coincidence

events were collected. The γ-ray energies and effi-

ciencies were calibrated with 152Eu source. To deter-

mine the multipolarity of γ-ray transitions, five de-

tectors near 90◦ with respect to the beam axis were

sorted against the other nine detectors at 30◦(three),

55◦(one), 125◦(one) and 150◦(four) to produce a two

dimensional angular correlation matrix from which it

was possible to extract the average directional corre-

lation of oriented state (DCO) intensity ratios. The

γ-γ coincidence data were analyzed with the Rad-

ware software package[14]. The level scheme of 139Nd

deduced from the present study is shown in Fig. 1. It

was constructed from the γ-γ coincidence, the relative

transition intensities, and DCO ratio analysis. The

transition intensities are represented by the width

of arrows. Collective bands and cascades newly ob-

served are labeled on the top of the scheme.

2053.8

88.1

19/2
-

3838.5

2710.7

2622.6

139.4

374.6

419.3

635.5

5546.0

6181.5

35/2
-

37/2
-

7234.1

7523.6

7892.1

239.1

289.5

368.5
45/2

-

43/2
-

41/2
-

6995.0

47/2
-

6483.8 39/2
-

(5)

533.0

5950.8 37/2
-

404.8

302.3

(4)

4752.1

4289.5

3977.9

5126.7

25/2
-

33/2
-

31/2
-

29/2
-

27/2
-

3823.2 25/2
-

953.8

3495.0

4855.3

4448.8

406.5

35/2
-

31/2
-

27/2
-

784.3

167.9

19/2
-

2542.8

5285.3 (33/2
-
)

548.5

834.0

587.8

793.4

4164.5

4713.0

6134.8

786.4

7714.6

5547.0

(29/2
-
)

(31/2
-
)

(35/2
-
)

(37/2
-
)

(41/2
-
)

(45/2
-
)

6928.2

423.5

1112.5

533.2

845.8

474.1

301.8

1944.4

231.2

2720.3

1098.6

2246.2

0.0

1350.0

1713.2

1990.2
256.0

867.4

891.6

325.7

103.2

1720.9

2617.1

13/2
-

391.5

509.3

471.4

4720.9

5230.2

5701.6 37/2
+

35/2
+

33/2
+

31/2
+

309.0

578.4

4907.8

5216.8 37/2
+

33/2
+

4818.1

854.7

(31/2
+
)

521.1

4329.4

4850.5 33/2
+

5160.7

1211.7

6372.4

231.2

148.4

122.0

232.5

665.0

1071.2

604.5

270.4

222.5

230.1

802.0

896.2

1967.4

2571.9

2842.3

3074.8

3297.3

3527.4

3963.4 29/2
+

27/2
+

25/2
+

23/2
+

21/2
+

17/2
-

15/2
-

15/2
-

15/2
-

193.1

393.5

462.0

259.7

504.5

6423.7 (39/2
-
)

876.7

11/2
-

21/2
-

462.6

366.0

1127.8

568.8

1157.6

3/2
+

(1)
(2)

(3)

655.2

86.4

1025.1

3728.8

17/2
-

(19/2
+
) 23/2

-

154.7

(17/2
-
)

1646.6

656.9

781.0

5110.4

5516.5

1187.1

249.1

35/2
+

(39/2
+
)

(33/2
+
)

159.1

3078.9

3238.0

490.8

358.6

436.0

311.6

310.2

19/2
+

326.0

680.6

868.8

(25/2
-
)

(21/2
-
)

(23/2
-
)

511.2

x+193.1

x

x+452.8

x+846.3

x+1308.3

I

(I+1)

(I+2)

(I+3)

(I+4)

Fig. 1. Level scheme of 139Nd.

3 Discussion

Shape transition is a very interesting phenomenon

in A=135 transitional region. The prolate-oblate

shape transition at the low spin states was reported

in neighboring Ba[15], Ce[5, 16] and Nd[9] isotopes be-

tween N=77 and N=79. That is, in a isotopic chain

the nucleus has a prolate shape with γ < 30◦ at N 677

and it has an oblate shape with γ > 30◦ at N >79.

It has indicated that the sequence of the 13/2− and

15/2− levels of the νh−1
11/2 multiplet is a signature

of a prolate or an oblate shape. When the 15/2−

state lies up on the 13/2− state, the nucleus has a

prolate shape, whereas when the level inversion of

the 13/2− state and 15/2− state occurs, the nucleus

has an oblate shape. In order to further understand

the structural characteristics at the low spin states

in 139Nd, we have performed calculations using the

triaxial rotor-plus-particle model with a variable mo-

ment of inertia (VMI)[17—19]. In the calculations, the

adjustable parameters are ε2, γ and Coriolis attenu-

ation factor χ. By varying the ε2, γ and χ values,

and by carefully comparing the calculated levels with

the corresponding experimental ones, we determined

these values used in the calculations as follows: ε2 =

0.11, ε4 = 0.04, γ = 31.6◦ and χ = 0.76. Other param-

eters were taken as standard. The results of our calcu-

lations and a comparison with experimental data are

shown in Fig. 2. Generally, the agreement between

the theoretical and experimental results is good. In
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the calculations, the levels are very sensitive to the

parameters γ and χ, but not to ε2 and ε4. When

we fixed other parameters, and changed the γ value

from 0◦ to 45◦, the levels varied with the γ value, as

shown in Fig. 3. It indicates that the level inversion

of 13/2− state and 15/2− state occurs around γ =

31.6◦. The best agreement between calculational and

experimental energy levels happens at γ = 31.6◦. The

prolate-oblate shape transition at the low spin states

in the Nd isotopes indeed occurs between N=77 and

N=79.

Fig. 2. Calculated levels of some members of

the νh−1
11/2 and comparison to the experiment

for the 139Nd.

The most interesting finding of the present study

is the collective bands (1), (4) and (5). These three

bands show similar features to the other known oblate

bands in the A∼130 region: (a) much stronger ∆I =

1 transitions relative to the ∆I = 2 transitions inside

the band, (b) no signature splitting occurring, and

(c) different moments of inertia (J (1)) from those of

prolate bands. Plots of the moments of inertia (J (1))

of the collective bands (1), (2) and (3) in 139Nd along

with the oblate bands in 137Ce[5], 138Ce[20], 135La[21],

and 136La[22] against the rotational frequency ~ω are

shown in Fig. 4. One can see that the J (1) of the

bands (1), (4) and (5) in 139Nd show similar behavior

to the oblate bands in the neighboring nuclei. Exam-

ining the band (4), we can see a backbending (band

crossing) of band (4) occurs around at ~ω∼0.4 MeV.

This band crossing may be caused by the alignment

of a pair of protons, as the first alignment of a pair

of neutron has happened to drive the nucleus to form

the oblate shape at this band head level. The reason

for this band crossing still needs to be confirmed by

further works.

Fig. 3. The calculated some levels with γ value

in 139Nd. The vertical line indicates the ex-

periment data. The energies of 11/2− levels

are taken as zero.

Fig. 4. Comparison of the moments of inertia

(J(1)) of bands (1), (4) and (5) in 139Nd with

the oblate bands in 137Ce, 138Ce, 135La, 136La

and the prolate bands in 135Ce.
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