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Dipole bands in nucleus 139Pm*
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Abstract High-spin states in nucleus 139Pm have been studied using the reaction 116Cd(27Al, 4n)139Pm. Two

dipole cascades have been found. Spin and parity assignments were based on the Directional Correlation of

Oriented Nuclei (DCO) ratios and systematic behavior in neighboring odd-proton nuclei. The level structures

of 139Pm are compared with those of the N =78 isotone 141Eu in which two dipole bands have been confirmed

as magnetic rotational bands. The close similarity between them suggests that the dipole bands in 139Pm may

be magnetic rotational bands.
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1 Introduction

Magnetic rotation (MR) phenomenon, observed

more than a decade ago, has aroused great interest

from the nuclear structure community. These reg-

ular sequences of M1 transitions show rotation-like

bands in almost spherical nuclei [1, 2]. Contrary to

normaldeformed (ND) and superdeformed (SD) ro-

tational bands, the dipole MR bands exhibit strong

intraband magnetic dipole transitions whereas the

crossover E2 transitions are either weak or almost

absent. This rotational behavior has been difficult to

understand in terms of the rotational model because

of the rather small deformation. Frauendorf [3] pro-

posed an explanation for the MR bands in terms of

a shears mechanism and interpreted these sequences

using the tilted-axis-cranking (TAC) model. A cou-

pling of high-j proton particles (holes) in low (high)

Ω orbital and high-j neutron holes (particles) in high

(low) Ω orbital leads to a nearly perpendicular cou-

pling of angular momentum vectors. The neutron and

proton angular momentum vectors represent the two

blades of the shears which close with increasing angu-

lar momentum and energy. Consequently, the total

angular momentum axis does not coincide with one

of the principal axes of the nucleus. The perpendic-

ular coupling of the particle and hole orbitals, each

with high spin j, results in a large transverse compo-

nent of the magnetic moment vector and creates the

enhanced M1 transitions between the shears states.

Experimental proofs for the shears mechanism are the

decreasing B(M1) values with increasing spin and the

termination of the bands when the shears are closed.

These have been confirmed in many MR bands [4–6].

In the mass A=130–140 region, magnetic rota-

tions are expected where high-j nucleons are avail-

able and the deformation is small. For the N ≈ 78

region MR bands are expected and have been found,

e.g. in 136Ce [7], 137Pr [8], 139Sm [9], 141Eu [10]. It is,

therefore, of interest to investigate whether some MR

bands develop in the Pm nuclei.

The nucleus 139Pm had been studied earlier by

van Klinken et al. [11] using the decay of 141Eu and

by Xu et al. [12], using the 116Cd(27Al, 4n)139Pm re-

action. In the present work, we focus upon a partial

level scheme of 139Pm nuclide and two ∆I=1 bands

have been identified as potential candidates of MR

bands.
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2 Experimental methods and results

High-spin states of the odd-proton nucleus 139Pm

were populated through the 116Cd(27Al, 4n)139Pm re-

action at a beam energy of 120 MeV. The 27Al beam

was provided by the HI-13 accelerator at the China

Institute of Atomic Energy (CIAE), Beijing. The

target consisted of 2.2 mg/cm2 116Cd foil (94% en-

richment) backed with a 7 mg/cm2 evaporated lead

layer. An array of thirteen Compton-suppressed Ge

detectors was used to collect the in-beam γ rays.

About 1.9×108 coincidence events were accumulated

and sorted into a 4k×4k Eγ1
-Eγ2

matrix for subse-

quent analysis. Both 133Ba and 152Eu sources were

used for the energy and efficiency calibration of the

detectors.

Fig. 1. Partial level scheme of 139Pm.

The partial level scheme deduced from this work

is shown in Fig. 1. It was constructed from the γ-

γ coincidence relationships, the relative γ-transition

intensities and the DCO ratio analysis. The results

of our analysis such as the γ-transition energies, the

relative transition intensities and the assignments of

spin and parity (Iπ) are presented in Table 1. The

transition intensities have been normalized to that of

the 751.4 keV γ-ray. The DCO ratios are obtained

by gating on 465.9 keV E2 transition. It is clear from

Table 1 that most of the transitions in the bands

DB1 and DB2 have M1 nature as they lie around 0.5.

The DCO ratios for 801.6, 454.3, 394.5 and 602.1 keV

transitions could not be determined from a gate on

465.9 keV. Therefore, Table 1 shows the DCO ratios

for a gate on 329.6 keV M1 transition, and the values

range between 0.8 and 1.2 indicating the M1 charac-

ter with a spin change of ∆I = 1.

Table 1. γ-ray energies, relative intensities,

spin and parity assignments, and DCO ratios

in 139Pm.

Eγ/keVa
Iγ

b assignment DCO ratioc

DB1

329.6 36.4 29/2− →27/2− 0.61(3)

316.7 20.6 31/2− →29/2− 0.61(5) 0.97(13)∗

473.0 15.3 33/2− →31/2− 0.47(4) 0.90(8)∗

801.6 5.8 35/2− →33/2− 0.85(17)∗

646.3 1.6 31/2− →27/2− 1.01(16)

687.8 3.0 (31/2−)→29/2− 0.97(20)∗

903.5 35/2− →(31/2−)

1274.6 61.7 35/2− →31/2−

DB2

224.4 5.0 37/2− →35/2− 0.66(8) 1.12(16)∗

262.1 6.0 39/2− →37/2− 0.55(12) 1.08(18)∗

454.3 4.0 41/2− →39/2− 0.98(14)∗

394.5 3.1 (43/2−)→41/2− 0.80(18)∗

602.1 1.0 (45/2− →43/2−) 0.93(52)∗

other transitions

62.1

104.4

465.9 156.6 15/2− →11/2−

493.0 6.0 37/2− →(35/2−) 0.98(30)∗

533.0 5.0 (35/2−)→33/2− 0.62(14)

590.4 4.6 17/2− →13/2− 1.51(40)∗

597.0 5.2 13/2− →11/2− 0.94(25)∗

657.7 1.5

721.5 621.7 17/2− →15/2− 0.42(6)

751.4 100.0 19/2− →15/2− 0.93(3)

784.9 13.0 21/2− →19/2− 0.44(6)

805.5 3.3 25/2− →23/2− 0.44(14)

814.7 14.5 21/2− →17/2− 0.90(15)

847.8 4.0 25/2− →23/2− 0.97(20)∗

909.9 22 .3 27/2− →23/2− 0.87(9)

946.5 65.7 23/2− →19/2− 0.93(2)

967.1 13.4 25/2− →21/2− 1.57(14)∗

1009.4 8.0 25/2− →21/2− 0.89(8)

1014.5 5.1 0.56(8)

1064.5 18.8 27/2− →23/2− 0.96(6)
a Uncertainties between 0.1 and 0.5 keV.
b Uncertainties between 5% and 30%. Corrected for the effi-

ciency of Ge detectors.
c The DCO ratios marked with asterisk obtained with gate

on 329.6 keV transition.
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Two dipole bands have been observed in 139Pm in

the present work. Some coincidence γ-ray spectra are

shown in Figs. 2 and 3. Fig. 2(a) shows a spectrum

obtained by gating on the 909.9 keV γ-transition.

Most of the transitions above the 27/2− level can be

seen. Fig. 1 shows the presence of prominent M1

transitions up to the spin 33/2− in agreement with

the results reported by Xu et al [12]. We add one

new cascade transition 801.6 keV at the upper end

of the sequence in DB1 which is in coincidence with

329.6, 316.7, 473.0 keV gamma rays. Fig. 2(b) shows

a coincidence spectrum by gating on the 224.4 keV γ-

transition in DB2. One can also see the corresponding

coincidence γ rays in DB1.

Fig. 2. Coincidence spectra of the dipole bands.

The ordering of the M1 transitions in DB1 has

been further confirmed through the detection of

crossover E2 transitions in DB1 for the first time.

The crossover 646.3 keV (31/2−

→ 27/2−) transi-

tion is shown in the (316.7 + 329.6 + 473.0) keV

sum-gated spectrum in Fig. 3(a). The high energy

1274.6 keV crossover E2 transition is also shown in

the sum spectrum in Fig. 3(b). The other linking

transitions namely 493.0, 533.0, 687.8 keV are shown

in Fig. 3(a). The new DB2 consists of five cascade

transitions and no crossover transitions have been ob-

served. It deexcites in a complex way into DB1 and

the proposed spin assignments are based on its deex-

citations and on the DCO ratios obtained for most of

the in-band and connecting transitions.

Most of the levels and transitions reported in

Ref. [12] were confirmed in the present work. At low

spins, a strong 1009.4 keV E2 transition was observed,

and two weak linking transitions of 805.5, 847.8 keV

were added. Most of the gamma transitions below the

21/2− level can be obviously seen when we gate on

the 1009.4 keV γ-ray as shown in Fig. 3(c). But the

62.1 keV transition from 27/2− to the 25/2− level was

not observed because of the lower detection efficiency

for this energy. Taking into account the energy spac-

ings of rotational cascades, 1009.4 keV E2 transition

is possible to deexcite the unfavored signature mem-

ber of the h11/2 yrast band and the strong 967.1 keV

transition deexites the bandhead of DB1.

Fig. 3. (a) and (b) Sum spectra by gating on

(316.7+329.6+473.0) keV. (c) Spectrum for a

gate on 1009.4 keV.

3 Discussion

The most prominent feature of the level scheme

shown in Fig. 1 is the presence of fairly strongly pop-

ulated ∆I = 1 sequences. Two regular dipole bands

are observed and they show a small signature split-

ting. Crossover E2 transitions, which dominate in the

normal bands, are very weak. In the N=78 nucleus
141Eu, two dipole bands have been also found which

were considered to be the MR bands on the basis of

the lifetime measurement [10]. The level structure of
139Pm is very similar to that of 141Eu, that is, the

spins of the DB1 in 139Pm and 141Eu are both mea-

sured from 25/2
−

to 35/2
−

, and the DB2 from 35/2
−
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to 45/2
−

. Fig. 4 presents the plots of E-I and I-~ω

for the two dipole bands in both nuclei. Therefore

it is natural to propose that the two dipole bands

in 139Pm may originate from the same mechanism.

A configuration πh11/2 ⊗ν(h11/2)
−2 may be assigned

to DB1 and a πh11/2 ⊗ ν(h11/2)
−4 configuration to

DB2. An analogous situation also exists in the neigh-

boring nucleus 137Pr [8], where a three-quasiparticle

πh11/2⊗ν(h11/2)
−2 configuration has been interpreted

as MR band. The ∆I = 1 level sequences built on

the I=25/2− level in the odd-Z nuclei may have the

same structure. The B(M1)/B(E2) ratios could be

deduced for only one crossover transition of 646.3 keV

and the value 35(µN/eb)2 is typical for MR bands in

this region. Previously these kinds of bands are inter-

preted as an oblate collective structure built on oblate

neutron and proton states in a standard model. But

attainable experimental B(M1) values show a sharp

decrease with increasing angular momentum that can

not be reproduced by the standard cranking model.

An appropriate description of the observed properties

of the Ml bands has been provided in the frame of the

tilted axis cranking (TAC) model [3]. Most lifetime

measurements give a clear support to the interpreta-

tion of the dipole bands in terms of the shears mech-

anism. The behavior of the B(M1) values is a defini-

tive way to confirm the nature of the dipole bands

and differentiate between TAC and standard crank-

ing calculations. So lifetime measurements are needed

to determine these bands’s structure in 139Pm.

The dipole bands in 139Pm can be associated with

a small oblate deformation of the nucleus due to the

alignment of neutrons. For this shape the h11/2 pro-

ton states with large Ω values and the h11/2 neutron-

hole states with small Ω values contribute to the con-

figurations of the dipole bands. Considering an align-

ment of the spins of the particle states along the sym-

metry axis and of the hole states along the rotation

axis, angular momenta of 25/2 and 33/2~, respec-

tively, are expected for the bandheads of DB1 and

DB2. In the level scheme of Fig. 1 the dipole band

DB1 starts with I = 25/2 , indicating that the contri-

bution from core collective rotation is almost absent

which is one of the characteristics in MR bands. But

DB2 starts with I = 37/2, about 2~ larger than the

calculated value, suggesting that the deformation for

DB2 is larger than for DB1 caused by the alignment

of a second νh11/2 hole pair.

Fig. 4. A comparison of the measured energy

E vs spin I and of the experimental spin I

vs the rotational frequency ~ω for these two

dipole bands in 139Pm (solid circles) and 141Eu

(solid triangles).

In summary, the odd mass nucleus 139Pm has been

studied to high spins in order to investigate the mag-

netic rotation phenomenon in the mass 130 region.

Two ∆I = 1 bands have been observed. Strong M1

transitions with several weak crossover E2 transitions

have been found suggesting their magnetic-rotational

character. And the comparison between 139Pm and
141Eu nuclei also supports a magnetic rotation nature

for both dipole bands. However, for a more detailed

investigation of the features of these bands of 139Pm,

further experiments are required.
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