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Abstract. High-spin states in 142Gd have been populated by means of the 99Ru(48Ti, 2p3n) reaction at
240 MeV and investigated with the γ-spectrometer EUROBALL III and the charged-particle detector array
ISIS. The features of four dipole bands have been determined and compared with tilted-axis cranking model
calculations indicating that they are magnetic rotational bands. A transition from regular to irregular bands
has been found approaching N = 82 demonstrating that this is a general phenomenon in nuclei near a
double-shell closure.

PACS. 21.10.Re Collective levels – 21.60.Ev Collective models – 23.20.En Angular distribution and
correlation measurements – 27.60.+j 90 ≤ A ≤ 149

1 Introduction

A new type of rotation has been discovered in Pb nuclei
around A = 200 [1–4]. The corresponding bands, following
the I(I + 1) rule, consist of strong magnetic dipole tran-
sitions. These bands have been interpreted in the frame-
work of the tilted-axis cranking (TAC) model as resulting
from the coupling of the angular-momentum vectors of a
few high-j particles of one kind and high-j holes of the
other kind of nucleons, oriented approximately perpen-
dicular to each other at the band head, for generating the
total spin of the nucleus. This coupling results in a sub-
stantial component of the magnetic dipole moment which
is transverse to the total spin [3]. As this component of
the magnetic dipole moment rotates around the vector
of the total angular momentum this new mode has been
called “magnetic rotation” (MR) [5,6]. The angular mo-
mentum of the band is increased by the gradual alignment
of the individual nucleon spins along the total angular-
momentum vector. This way of angular-momentum pro-
duction has been called “shears mechanism”. The exper-
imental evidence for the occurrence of MR bands is the
appearance of regular sequences of magnetic dipole tran-
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sitions. Their B(M1) values are very large (several µ2
N )

and their crossover transitions, if existing at all, have very
small B(E2) values (≈ 0.1 (eb)2). Because of the align-
ment of the nucleon spin vectors with the total angular-
momentum vector, the B(M1) values are decreasing with
increasing spin [7].

Magnetic rotations are not only expected in the Pb re-
gion but also for other regions close to magic numbers if
high-j particles and holes are available and the deforma-
tion is small [5]. Also for the N ≈ 82 region MR bands are
expected and have indeed been observed, e.g. in 139Sm [8].
A small prolate deformation has been assigned in the
framework of TAC model calculations to the dipole band
in 139Sm [8]. For nuclei near a double-shell closure the se-
quences of dipole transitions may have excitation energies
which do not follow anymore the I(I+1) law. A transition
from regular to irregular dipole bands has been observed
in Cd, In and Sn nuclei with N approaching 50 (see [6]
and references therein). This behaviour has been explained
as a decrease of the quadrupole polarizability when the
magic shell is approached [6]. In the immediate vicinity of
doubly magic nuclei the short-range residual interactions
between valence particles dominate which do not favour
the formation of stable “shears blades”. With present ex-
perimental possibilities this effect cannot be studied in the
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Pb region since high-spin states in nuclei close to 208Pb
cannot be populated. The heaviest Pb nucleus in which
dipole bands have been found is 202Pb [9,10]. A dipole
band with an irregular level spacing has, however, been
observed in 144Gd [11] which neighbours the semi doubly
magic nucleus 146Gd. It has been interpreted as an oblate
dipole band with a νh−2

11/2πh2
11/2 configuration [11]. It is,

therefore, of interest to investigate whether more regular
MR bands develop in the Gd nuclei with decreasing neu-
tron number. In this report we present features of dipole
bands in 142Gd studied with EUROBALL III. Previous
knowledge on the level scheme of 142Gd results from inves-
tigations of Starzecki et al. [12] and Sugawara et al. [13].

2 Experimental methods

A study of high-spin states in the nucleus 142Gd has been
carried out with the γ-detector array EUROBALL III and
the charged-particle detector array ISIS at the XTU tan-
dem —linear accelerator (ALPI) combination of the Lab-
oratori Nazionali di Legnaro, Italy. The EUROBALL III
array was fully equipped with 15 CLUSTER detectors, 26
CLOVER detectors and 30 individual escape-suppressed
Ge-detectors (tapered detectors) [14]. To populate high-
spin states in 142Gd the 99Ru(48Ti, 2p3n) reaction at a
beam energy of 240 MeV has been used. The 99Ru target,
enriched to 95%, consisted of four self-supporting metal
foils with a total thickness of 0.84 mg/cm2. The recoil ve-
locity was v/c = 3.4%. In this reaction 142Gd was popu-
lated with a maximum cross-section but neighbouring Tb,
Gd, Eu and Sm nuclei were also populated strongly. In or-
der to allow for an isotopic separation and to increase thus
the selectivity of EUROBALL III the charged-particle de-
tector array ISIS has been mounted in the center of the
γ-detector array. The ISIS array [15] consisted of 40 Si par-
ticle telescopes with thicknesses of ≈ 140µm and ≈ 1 mm
for the ∆E and E detectors, respectively. Events were
recorded when either ≥ 7 unsuppressed Ge-detectors fired
or when ≥ 6 unsuppressed Ge-detectors and ISIS fired
in coincidence. Approximately 4.5 · 109 high-fold γ-events
have been collected, ≈ 60% of which were associated with
one or more detected particles. On average ≈ 4.5 γ-rays
have been observed in an event after Compton suppres-
sion.

Cubes and matrices of various types have been sorted
for the construction of the level scheme and for the deter-
mination of DCO and angular-distribution ratios as well as
γ-ray polarization. The presort of the data and the sorting
into γ-γ-γ cubes has been carried out with the software
package “Ana” [16]. In the cube sort the composite detec-
tors have been treated in the following way. Events from a
CLUSTER detector were accepted i) when one Ge crystal
fired, ii) when two neighbouring crystals fired or iii) when
two neighbouring crystals and one non-neighbouring crys-
tal fired. In cases ii) and iii) the energies of the neigh-
bouring detectors were added up (addback mode). In case
iii) the non-neighbouring detector was considered to have
detected a second γ-ray from the target. Events from a

CLOVER detector were accepted i) when one Ge crys-
tal fired or ii) when two crystals fired in which case the
energies were summed. From the ISIS data ∆E vs. E ma-
trices were sorted to prepare banana gates for the various
detected particles to be used in the cube sort. For the con-
struction of the level scheme of 142Gd, γ-γ-γ cubes gated
by one and two protons, respectively, have been analysed.
These cubes contain ≈ 48% and ≈ 36% of the events asso-
ciated with 142Gd but the latter cube is cleaner than the
former one.

Directional correlation (DCO) and angular-
distribution (AD) ratios and linear polarizations of
γ-transitions in 142Gd have been deduced from the
EUROBALL data to establish their multipolarites and
mixing ratios. An asymmetric angular-correlation matrix
was sorted with the energies of the γ-rays measured with
the CLOVER detectors (at 77◦ and 103◦ with respect to
the beam direction) on one axis and of those observed
with the most backward CLUSTER detectors (at 160◦)
and most forward tapered detectors (at 20◦) on the
other axis. Because thin targets have been used in the
experiment the excited nuclei were recoiling into vacuum.
For the long-lived states a disappearance of the alignment
by deorientation was observed. Therefore, the angular
distributions of γ-transitions below the I = 10+ isomers
(0.37 ns and 3.4 ns) and the 7− isomer (0.14 ns) in 142Gd
[12,17] became fully isotropic. As result, two kind of
angular correlations have been observed: i) directional
correlations when both γ-rays were emitted from oriented
states and ii) angular distributions (AD) when one
γ-ray was emitted from an oriented state and the other
one from a fully deoriented state. Appropriate DCO
and angular-distribution ratios have been determined.
Furthermore, to obtain a higher statistical accuracy for
the AD ratios, two matrices have been sorted which
both have the energies of the γ-rays observed with
all detectors on one axis but on the other axis either
those measured with the CLOVER detectors or those
measured with the most backward CLUSTER detectors
and most forward tapered detectors. Gating the matrices
on the axes containing all detectors and taking into
account the efficiencies of the different types of detectors
allows to determine angular-distribution ratios, since
the EUROBALL detectors are distributed over the full
solid angle. The linear polarization of γ-transitions in
142Gd was deduced using the CLOVER detectors working
as polarimeters. Two γ-γ matrices: vertical (V ) and
horizontal (H) were sorted. The V (H) matrix contains
the events in which one γ-quantum is Compton scattered
in the direction perpendicular (parallel) to the emission
plane [18] and registered in two segments of a CLOVER
detector, whereas the second γ-ray was registered in
any Ge-detector of EUROBALL. From the V and H
matrices the number of perpendicular N⊥ and parallel
N‖ scattered events were deduced, respectively. These
quantities allow to determine the linear polarizations
P of γ-rays [19]. The polarization sensitivity Q of the
CLOVER detectors was taken from ref. [19].
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Fig. 1. Partial level scheme of 142Gd. Uncertain spin-parity assignments are given in brackets. The widths of the arrows
represent the intensities of the transitions.

3 Experimental results

A partial level scheme of 142Gd resulting from the analysis
of the EUROBALL III data is shown in fig. 1. It has been
considerably extended in excitation energy and spin with
respect to the schemes previously published [12,13]. In
fig. 1 the dipole bands (denoted by DB and a number) and
the bands into which they de-excite are shown. Spectra of
the four dipole bands are shown in fig. 2. Table 1 con-
tains spectroscopic information on the γ-ray transitions
assigned to the dipole bands in 142Gd. Spin-parity assign-
ments result from angular distributions, DCO ratios, lin-
ear polarizations of γ-rays, conversion coefficients deduced
from coincidence intensities as well as decay patterns. Re-
sults of the angular-distribution and linear-polarization
analysis for stretched E2 transitions of the (+, 0)1 band
and for members of the dipole bands DB1 and DB3 in
142Gd are shown in fig. 3 in a plot of the polarization vs.
the angular-distribution ratio. For comparison, fig. 3 con-
tains also results of calculations for the used geometry,
viz, for pure stretched E1 (∆I = 1) and E2 transitions
(∆I = 2) and mixed E2/M1 transitions (∆I = 1) assum-
ing a width of the Gaussian substate population distri-
bution of σ/I = 0.3 (dashed curve and open stars) and
0.4 (solid curve and full stars). The E2/M1 curves rep-
resent the dependence of the polarization and angular-

distribution ratio on the E2/M1 mixing ratio δ. To de-
termine the linear polarization of the γ-rays belonging to
DB1 and DB3 the statistics was improved by summing N⊥
(N‖) values obtained by gating on a few transitions placed
below the transition of interest. From the data points for
the stretched E2 transitions of 544, 741 and 834 keV in
the (+,0)1 band σ/I = 0.4 can be deduced. The data
points for the dipole bands DB1 (301, 360, 381, 427 keV)
and DB3 (286, 295, 374, 527 keV) are in agreement with
the assignment of pure M1 or mixed M1/E2 character
with δ ≈ −0.1. A pure stretched E1 character of these
transitions can be excluded.

Four dipole bands have been observed in 142Gd in
the present work. From the previous work the existence
of three of the dipole bands was known [13] but except
for DB3 they were not well established. From the present
high-statistics results, obtained with EUROBALL III, de-
tailed information on the features of the dipole bands has
been obtained. These results make a comparison with TAC
model predictions feasible to find out whether the dipole
bands can be interpreted as MR bands.

For DB1 the order of the transitions as well as the de-
excitation pattern are different than previously proposed
for dipole band (B) in ref. [13]. Three very weak crossover
transitions have newly been identified. The ∆I = 1 transi-
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Table 1. Energies, intensities, branching ratios λ = Iγ(E2)/Iγ(M1), B(M1)/B(E2) ratios, angular-distribution ratios RAD

and polarizations P for transitions of the dipole bands in 142Gd and for some de-exciting transitions used for spin assignments.
The γ-ray intensities are normalized to Iγ = 100 for the 2+ → 0+ transition of 515.0 keV.

Iπ
i Iπ

f Eγ Iγ λ B(M1)
B(E2)

RAD
(a) P

(keV) (µN/eb)2

Dipole band 1

17+ 16+ 264.0 ± 0.3 1.5 ± 0.2 0.71 ± 0.17

18+ 17+ 300.7 ± 0.2 5.0 ± 0.5 0.77 ± 0.10 −0.07 ± 0.19

19+ 18+ 381.1 ± 0.2 8.0 ± 0.8 0.024 ± 0.007 78 ± 22 0.84 ± 0.11 −0.12 ± 0.09

17+ 682.1 ± 0.4 0.19 ± 0.05

20+ 19+ 426.9 ± 0.2 7.6 ± 0.8 0.049 ± 0.012 63 ± 15 0.65 ± 0.07 −0.03 ± 0.16

18+ 807.6 ± 0.7 0.37 ± 0.08

21+ 20+ 360.4 ± 0.2 6.5 ± 0.8 0.072 ± 0.018 62 ± 15 0.61 ± 0.05 −0.33 ± 0.18

19+ 787.4 ± 0.6 0.47 ± 0.10

22+ 21+ 372.3 ± 0.3 1.5 ± 0.2 0.72 ± 0.17

17+ 15+ 898.6 ± 0.2 5.6 ± 0.6 1.39 ± 0.10

15+ 14+ 827.9 ± 0.3 2.3 ± 0.2 0.58 ± 0.14

15+ 13+ 811.9 ± 0.3 6.7 ± 1.0 1.34 ± 0.10

13+ 11+ 628.0 ± 0.2 2.6 ± 0.4 2.0 ± 1.0

11+ 10+ 673.7 ± 0.5 2.1 ± 0.4 0.43 ± 0.13

Dipole band 2

23+ 22+ 469.6 ± 0.2 4.4 ± 0.6 0.80 ± 0.10

24+ 23+ 343.8 ± 0.2 3.6 ± 0.5 0.44 ± 0.08 13.7 ± 2.6 0.68 ± 0.10

22+ 812.9 ± 0.3 1.6 ± 0.2

25+ 24+ 548.3 ± 0.4 1.8 ± 0.6 0.71 ± 0.10

26+ 25+ 559.6 ± 0.4 1.5 ± 0.3 0.85 ± 0.10

27+ 26+ 611.4 ± 0.2 1.2 ± 0.4 0.80 ± 0.10

(28+) 27+ 677.6 ± 0.5 0.8 ± 0.3

22+ 21+ 133.9 ± 0.2 2.7 ± 0.3 0.83 ± 0.10

Dipole band 3

12− 11− 222.0 ± 0.3 0.8 ± 0.1 0.69 ± 0.10

13− 12− 222.3 ± 0.2 8.2 ± 1.4

14− 13− 193.3 ± 0.3
}

11.6 ± 1.5 0.68 ± 0.06

15− 14− 192.6 ± 0.3

16− 15− 234.5 ± 0.2 6.1 ± 0.4 0.84 ± 0.15

17− 16− 285.6 ± 0.2 17.0 ± 0.8 0.65 ± 0.06 −0.26 ± 0.12

18− 17− 374.4 ± 0.2 11.4 ± 0.6 0.13 ± 0.02 13.2 ± 2.0 0.55 ± 0.08 −0.14 ± 0.12

16− 660.2 ± 0.3 1.4 ± 0.2

19− 18− 295.1 ± 0.2 8.7 ± 0.4 0.37 ± 0.04 9.9 ± 1.1 0.67 ± 0.10 −0.03 ± 0.15

17− 669.3 ± 0.2 3.2 ± 0.3

20− 19− 527.0 ± 0.2 7.6 ± 0.4 0.12 ± 0.03 14.7 ± 3.4 0.73 ± 0.10 0.00 ± 0.18

18− 822.3 ± 0.4 0.9 ± 0.2

21− 20− 466.4 ± 0.2 3.5 ± 0.4 0.79 ± 0.13 8.4 ± 1.4 0.52 ± 0.06

19− 993.4 ± 0.2 2.8 ± 0.3 1.39 ± 0.08

12− 12+ 1058.7 ± 0.3 4.2 ± 0.6 1.30 ± 0.10

1.8 ± 0.4 (b)

12− 10− 980.2 ± 0.3 3.0 ± 0.3 1.23 ± 0.10

10− 8− 843.6 ± 0.2 3.6 ± 0.3 1.31 ± 0.06

8− 7− 603.1 ± 0.2 6.0 ± 0.4 0.47 ± 0.10
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Table 1. Continued.

Iπ
i Iπ

f Eγ Iγ λ B(M1)
B(E2)

RAD
(a) P

(keV) (µN/eb)2

Dipole band 4

22− 21− 354.5 ± 0.3 0.8 ± 0.1

23− 22− 438.6 ± 0.3 1.6 ± 0.2 0.9 ± 0.4 2.8 ± 1.2 0.70 ± 0.06

21− 792.3 ± 1.0 1.5 ± 0.6

24− 23− 326.5 ± 0.4 1.4 ± 0.4 1.9 ± 0.7 2.8 ± 1.0 0.67 ± 0.06

22− 764.6 ± 0.3 2.6 ± 0.6 1.2 ± 0.1

25− 24− 511.3 ± 0.4 1.2 ± 0.3 0.8 ± 0.3 2.6 ± 1.0

23− 838.2 ± 0.3 1.0 ± 0.3

26− 25− 384.4 ± 0.6 0.6 ± 0.1 3.0 ± 0.6 2.4 ± 0.5 0.63 ± 0.06

24− 895.0 ± 0.3 1.8 ± 0.2 1.31 ± 0.10

22− 21− 638.9 ± 0.3 1.1 ± 0.3 0.50 ± 0.08

22− 20− 1104.6 ± 0.6 2.0 ± 0.3 1.4 ± 0.1

23− 21− 1077.8 ± 0.3 1.7 ± 0.2 1.6 ± 0.2

21− 19− 1277.8 ± 0.6 1.0 ± 0.2 1.5 ± 0.2

(a) RAD ≈ 0.81 for pure stretched dipole transitions and RAD ≈ 1.34 for stretched quadrupole transitions for σ/I = 0.4 in the
used geometry.
(b) DCO ratio obtained by gating on the 193 keV doublet; Rth

DCO = 2.4 ± 0.3 for δ193 = −0.2 ± 0.1 and δ1059 = 0.

tions have an E2/M1 mixing parameter of δ = −0.1± 0.1
(cf. fig. 3). The de-excitation is rather complex and pro-
ceeds to the (+, 0)1 and (+, 0)0 bands. The spin assign-
ments result from the angular-distribution ratios of the
827.9 and 898.6 keV transitions connecting DB1 to the
(+, 0)1 band. The latter one is a stretched quadrupole
transition. The 827.9 keV transition is a ∆I = 1 transi-
tion with an E2/M1 mixing ratio of δ = −0.2 ± 0.2. It
is assumed that the spin of the level de-excited by the
827.9 keV transition is 15 and not 13, since otherwise
a strong γ-ray to the 12+ member of the (+, 0)1 band
should exist but such a transition has not been observed.
The angular-distribution ratios of the 673.7, 628.0 and
811.9 keV transitions are in agreement with this assign-
ment, however the value of the 628.0 keV transition has
a large uncertainty and the 673.7 keV transition is super-
imposed by a 673.2 keV stretched E1 transition of similar
intensity. A positive parity was inferred considering that
otherwise several of the transitions de-exciting DB1 would
be M2 transitions competing with E1 transitions.

Six transitions and one crossover transition have been
placed in DB2, whereas previously only two have been
proposed for the corresponding dipole band (C) in ref.
[13]. The excitation energy as well as the spin-parity as-
signments were fixed for DB2. This band de-excites into
DB1 as well as into the (+, 0)2 band. The 133.9 keV tran-
sition to DB1 is a mixed M1/E2 transition considering its
conversion coefficient of αtot = 0.74 ± 0.16 (αE1

tot = 0.13,
αM1

tot = 0.89, αE2
tot = 0.87). The angular-distribution ra-

tio gives ∆I = 1 and provides two solutions for the
E2/M1 mixing ratio, viz, δ = 0.02 ± 0.10 and −10+6

−70.
For most of the cascade transitions in DB2 the angular-

distribution ratios were determined confirming that they
are of mixed dipole-quadrupole character with ∆I = 1
having an E2/M1 mixing parameter of δ = 0.0 ± 0.1.
Only one crossover transition has been found.

The DB3 agrees with the previously published dipole
band (A) of ref. [13]. One cascade transition has been
added at the lower end of the sequence and two addi-
tional crossover transitions have been found. The angular-
distribution ratios and polarizations of the cascade tran-
sitions are as expected for a ∆I = 1 sequence and give an
E2/M1 mixing parameter of δ = −0.1 ± 0.1 (cf. fig. 3).
The DB3 de-excites into the (+, 0)1 and (−, 1)3 bands.
The spin assigments result from the angular-distribution
ratio of the 603.1 keV transition and the DCO ratios of
the 843.6 and 980.2 keV transitions connecting DB3 to
the (−, 1)3 band. They give ∆I = 1 for the first tran-
sition and stretched quadrupole character for the latter
two. A decrease of the spin by 2 h̄ can be excluded since
the 356.8 keV transition de-exciting the 15− level of the
(−, 1)3 band into DB3 would then be a M3 transition. The
angular distribution and DCO ratios of the 1058.7 keV
transition are in agreement with a ∆I = 0 assignment.
From the conversion coefficient of the 70.0 keV transition
of αtot = 6.8 ± 1.7 (αE1

tot = 0.8, αM1
tot = 5.7, αE2

tot = 9.5) a
negative parity was assigned to DB3. The band seems to
terminate at Iπ = 21− since the 466.4 keV transition is
still fairly strong but no extension of DB3 has been found.

The new DB4 consists of five cascade and four
crossover transitions. It de-excites in a complex way into
DB3 and the proposed spin assignments are based on its
de-excitation and on the DCO and AD ratios obtained for
most of the in-band and connecting transitions. For the
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Fig. 2. Spectra of the dipole bands in 142Gd. The energies of
the in-band transitions and of a few low-spin transitions are
given in keV. Double gates have been placed on the following
transitions to create the spectra: DB1: 812 – (407 + 515 + 756
+ 793), DB2: 134 – (407 + 515 + 544 + 694 + 756 + 793),
DB3: 193 – (310 + 515 + 694 + 823) and DB4: 1278 – (286 +
295 + 374) and 1105 – (286 + 295 + 374 + 527).

∆I = 1 transitions of DB4 an E2/M1 mixing parameter
of δ = −0.1±0.1 was found. For the proposed spin assign-
ment a negative parity is appropriate since otherwise M2
and E1 transitions would have to compete.

4 Discussion

To find out whether the dipole bands DB1–DB4 in 142Gd
can be interpreted as MR bands, their features have been
compared with predictions of TAC model calculations as
well as calculations using the semiclassical vector model of
Frauendorf and Dönau [20,21]. The angular momentum as
a function of the rotational frequency is shown in fig. 4 for
these bands. In this representation the dipole bands ap-
pear to be fairly regular, although the transition energies
do not increase regularly with spin, because the rotational
frequencies are calculated from ∆I = 2 energy differences.
Figure 4 suggests that DB2 originates from DB1 and DB4
from DB3, respectively, through band crossing. The align-
ment gain is in both cases ≈ 4h̄. The increase of the align-
ment in the beginning of DB3 may indicate that the low-
spin members of this cascade have a different structure
than the levels with I ≥ 15. The B(M1)/B(E2) ratios
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Theoretical values are shown for pure stretched E1 and E2
transitions (denoted as E1 and E2, respectively) and for mixed
E2/M1 transitions (∆I = 1) as a function of the mixing ratio δ
for two values of the width of the Gaussian substate population
distribution σ/I. For pure E1 and E2 transitions full and open
stars correspond to σ/I = 0.4 and 0.3, respectively.

could be deduced whenever crossover transitions were ob-
served and are shown as a function of spin in fig. 5. For
DB1 values of B(M1)/B(E2) ≥ 60 (µN /eb)2 have been
found which are in the order of magnitude expected for
MR bands. The B(M1)/B(E2) ratio of DB2 is by a fac-
tor of ≈ 5 smaller. For DB3 values of B(M1)/B(E2) ≈
10 (µN/eb)2 have been observed and the values for DB4
are by a factor of ≈ 4 smaller. The observation, that the
changes in angular momenta and B(M1)/B(E2) ratios are
similar for the pairs of dipole bands DB1–DB2 and DB3–
DB4 may indicate that the same nucleon pair is aligning
in both cases.

The dipole bands in 142Gd can be associated with a
small oblate deformation of the nucleus. TRS calculations
show minima for the deformation parameters ε2 ≈ 0.15
and γ ≈ − 60◦ for a frequency range of 0.2 ≤ h̄ω ≤
0.5 MeV. The minima are rather shallow, indicating a
γ-softness. For this deformation the h11/2 neutron-hole
and g7/2 proton-hole states with small Ω values and the
h11/2 proton states with large Ω values contribute to the
configurations of the dipole bands. A νh−2

11/2πh2
11/2 config-

uration may be assigned to DB1 and a νh−2
11/2πh1

11/2g
−1
7/2

configuration to DB3. The bands DB2 and DB4 likely re-
sult from the breakup of a second h11/2 neutron-hole pair.
Considering an alignment of the spins of the hole states
along the rotation axis and of the particle states along the
symmetry axis (Fermi-aligned coupling scheme), angular
momenta of 14 and 15 h̄, respectively, are expected for
the lowest members of DB1 and DB3. In the level scheme
of fig. 1 the dipole band DB1 starts with I = 16 and
DB3 with I = 11, indicating that the first transitions of
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Fig. 4. Angular momentum vs. rotational frequency for the
dipole bands in 142Gd. The thin lines connect the data points.
The broken lines result from TAC model calculations. For com-
parison also the dipole band in 144Gd is shown.

the latter band result from a different configuration. The
alignment of a second h11/2 neutron-hole pair gives an
alignment gain of ≈ 5 h̄ similar to the observed value.

The large B(M1)/B(E2) ratios for some of the dipole
bands in 142Gd are comparable to those of other regions
of MR. For a more detailed investigation of the features
of these bands they have been compared with predictions
of TAC model calculations as well as of the semiclassi-
cal Frauendorf and Dönau formula [20,21] assuming the
above-proposed configurations.

The formulas to calculate B(M1)/B(E2) ratios devel-
oped by Frauendorf and Dönau [20,21] in the framework
of a semiclassical vector model have been used in the fol-
lowing form:

B(M1)=
3
8π

[
(gπ−gR)Kπ

√
1−K2

I2
−(gν−gR)iν

K

I

]2

(1)
obtained assuming that the neutrons are aligned along the
rotation axis, Kν = 0, and the protons along the symme-
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data points. The broken lines result from TAC model calcula-
tions.

try axis, iπ = 0.

B(E2) =
5

16π
Q2

0〈I K 2 0 |I−2 K〉2 . (2)

Calculations have been carried out for DB1 and DB2
since the g-factors of the νh−2

11/2 and πh2
11/2 configurations

have been measured as gν = −0.18 ± 0.02 for 140Sm [22]
and gπ = 1.27±0.09 for 140Sm [22] as well as gπ = 1.6±0.4
for 142Gd [23]. For gπ the former value has been uti-
lized as it is more precise. For the quadrupole moment
the value Q = −1.46 ± 0.1 eb has been used which was
measured for the πh2

11/2 isomer in 144Gd representing a
deformation of ε2 ≈ −0.1 [24,25]. It was transformed into
the intrinsic quadrupole moment Q0 using the equation
Q = I(2I − 1)/[(I + 1)(2I + 3)] Q0. For the rotational
g-factor gR = Z/A = 0.45 has been assumed, however, the
dependence of the B(M1)/B(E2) ratios on gR is small.
The calculated B(M1)/B(E2) ratios for K = Kπ = 10
and iν = 10 for DB1 and iν = 16 for DB2 are compared in
table 2 with the experimental values. It can be seen that
the calculated B(M1)/B(E2) ratios for DB1 and DB2
are, respectively, about 3 and 13 times larger than the
experimental values indicating that collective rotation is
an unlikely explanation for these dipole bands in 142Gd.
For DB3 and DB4 no calculations of this type have been
carried out since the g-factors of the considered configu-
rations are not known.



304 The European Physical Journal A

Table 2. Comparison of experimental B(M1)/B(E2) ratios,
with values calculated in the framework of the semiclassical
vector model of Frauendorf and Dönau (FD calc.).

Band Iπ
i

B(M1)
B(E2)

(µN/eb)2

Exp. FD calc.

DB1 18+ 210
19+ 78 ± 22 188
20+ 63 ± 15 172
21+ 62 ± 15 159
22+ 149

DB2 24+ 13.7 ± 2.6 178
25+ 169
26+ 160
27+ 153

(28+) 147

The parameter κ of the QQ interaction used in the
TAC model calculations is scaled from the Pb region ac-
cording to κ ∝ A−5/3. Pairing is taken into account by
using gap energies of ∆π = 0.92 and ∆ν = 1.04 MeV
as deduced from odd-even mass differences. The chemical
potentials were chosen to reproduce the particle numbers.
The quadrupole deformation parameter has been varied
from ε2 = − 0.10 to − 0.15 with ε4 = 0. For simplicity an
axially symmetric deformation has been used. The results
of the TAC model calculations for DB1 and DB3 using
ε2 = − 0.10 and for DB2 and DB4 using ε2 = − 0.15 are
included in figs. 4 and 5. It is expected that the align-
ment of a second νh11/2 hole pair causes an increase of
the deformation suggesting that the deformation for DB2
and DB4 is larger than for DB1 and DB3. The angular-
momentum curves have similar slopes as the experimental
curves but lie ≈ 1 h̄ above them for DB1, DB3 and DB4
and ≈ 3 h̄ for DB2 (cf. fig. 4) which can be considered as a
good agreement since the angular momenta are generally
somewhat overestimated by the TAC model. However, it
should be mentioned that for DB1 and DB2 the appropri-
ate configurations could in the calculations not be followed
until the largest observed rotational frequencies because
of the increased level density and the presence of many
crossings of the orbitals. The irregularities in the experi-
mental angular-momentum curves may indicate that the
shears blades are not completely stretched over the whole
frequency range. The experimental B(M1)/B(E2) ratios
of DB1–DB4 are overall reproduced reasonably well, al-
though the calculated slope of DB1 is considerably larger
than the observed one (cf. fig. 5). The agreement between
experiment and calculation suggests that the dipole bands
DB1–DB4 in 142Gd can be interpreted as MR bands.

A dipole band has also been observed in 144Gd [11].
It has been interpreted as an oblate dipole band with
a νh−2

11/2πh2
11/2 configuration for the lowest band mem-

bers. The same configuration has been assigned to DB1
in 142Gd and DB2 results from the alignment of a sec-
ond h11/2 neutron-hole pair. Therefore, the angular mo-

menta as a function of the rotational frequency of these
bands have been compared in fig. 4. The dipole band in
144Gd shows a much less regular behaviour than DB1 and
DB2 in 142Gd since I increases within a narrow frequency
range of ≈ 0.1 MeV. This behaviour reflects the irreg-
ular level spacings in this band and is probably due to
configuration changes [11]. With increasing frequency it
becomes more favourable to move protons from the d5/2

or g7/2 into the h11/2 orbitals. These particle-hole excita-
tions will increase the alignment of the dipole sequence.
One can classify the different proton excitations in terms
of (πh11/2)x ⊗ (πg7/2/d5/2)−x configurations [11].

The transition from irregular dipole bands in 144Gd
to more regular ones in 142Gd results from an increase
of the distance to the semi doubly magic nucleus 146Gd.
The present results show that this effect is not a unique
feature of the light Cd, In and Sn nuclei [6] but a more gen-
eral phenomenon. An increased quadrupole polarizability
is required to produce the more regular dipole bands in
142Gd. The deformation induced by the active particles
and holes aligns their angular momenta into two stable
blades forming the shears. In 144Gd short-range residual
interactions between valence particles dominate which are
not able to stabilize the blades. The spins of the parti-
cles and holes contributing to the configuration of the
dipole cascade change their orientation with respect to
each other so that the blades of the shears are not anymore
stretched [6]. A deformation change between 142,144Gd is
also clearly visible for their low-spin states. In 142Gd a
ground-state sequence and collective sequences based on
the isomers are observed which have structures typical for
a rotor with a modest deformation. In contrast, 144Gd [11]
shows up to a spin of I ≈ 18 a structure which requires
an explanation in terms of shell-model excitations as ex-
pected since the shell closure at N = 82 is approached.
The transition from deformed to spherical-like structures
appears to occur rather suddenly between N = 78 and 80.

5 Conclusions

A detailed investigation of the features of four dipole
bands in 142Gd has been carried out with EUROBALL III.
They show the typical characteristics of MR bands, viz, a
fairly regular increase of the angular momentum with the
rotational frequency and the observation of strong M1 and
weak crossover E2 transitions with B(M1)/B(E2) ratios
up to 60 (µN/eb)2. A νh−2

11/2πh2
11/2 configuration has been

assigned to DB1 and a νh−2
11/2πh1

11/2g
−1
7/2 configuration to

DB3. The bands DB2 and DB4 are considered to originate
from DB1 and DB3, respectively, through band crossings
due to the breakup of a second h11/2 neutron-hole pair.
These features are reasonably well reproduced by TAC
model calculations. On the other hand, calculations of the
B(M1)/B(E2) ratios for DB1 and DB2 using the semi-
classical vector model of Frauendorf and Dönau show that
the experimental values are strongly overestimated indi-
cating that the bands do not represent collective rotations.
Therefore, the dipole bands may be interpreted as MR
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bands. A transition from irregular dipole bands in 144Gd
to more regular ones in 142Gd is found which reflects an
increase of the distance to the semi doubly magic nucleus
146Gd. An increased quadrupole polarizability is required
to produce regular dipole bands. With the present experi-
mental possibilities the transition from regular to irregular
dipole bands cannot be investigated in the Pb region. Our
results for 142,144Gd show, however, that a transition from
irregular to regular dipole bands is not a unique feature
of the light Cd, In and Sn nuclei but a more general phe-
nomenon.
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24. O. Häusser, P. Taras, W. Trautman, D. Ward,
T.K. Alexander, H.R. Andrews, B. Haas, D. Horn, Nucl.
Phys. A 379, 287 (1982).

25. E. Dafni, J. Bendahan, C. Broude, G. Goldring, M. Hass,
E. Naim, M.H. Rafailovich, C. Chasman, O.C. Kistner,
S. Vajda, Phys. Rev. Lett. 53, 2473 (1984).


