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a b s t r a c t
Dipole sequences in the 143 Sm nucleus have been investigated via the 124 Sn (24 Mg, 5n) reaction at E lab
= 107 MeV using the Indian National Gamma Array (INGA). The spin-parity of the associated levels
have been ﬁrmly established from the spectroscopic measurement. Level lifetimes of several levels in
the dipole bands have been measured using the Doppler Shift Attenuation Method. The decreasing trend
of the measured B ( M1) and B ( E2) transition strengths in one of the sequence (DB I) spells out its origin
as Magnetic Rotation (MR). Though, the trends of B ( M1) and B ( E2) in DB I are reproduced well in the
theoretical calculations using the Shears mechanism with the Principal Axis Cranking (SPAC) model, the
calculations fail to reproduce the sharp rise in the B ( M1)/B ( E2) ratio at the highest spins in DB I. Such
rise in the B ( M1)/B ( E2) values is in well agreement with the theoretical calculations within the shears
mechanism as prescribed by the Clark and Macchiavelli considering the smooth decrease of the core
rotation along the sequence. The experimental observations along with the theoretical calculations for
the second dipole band (DB II), indicate that the core rotation, rather than the shears mechanism, is
being favored for angular momentum generation. This represents a unique observation of forking of the
shears band DB I from an abrupt phase change of the core from spherical into the deformed one.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3 .

The observation of band-like structure in weakly deformed nuclei near shell closures has long been of interest in nuclear structure studies. These nuclei, generally, do not have an asymmetry in
mass distribution, like the mid-shell ones which break the rotational symmetry and consequently exhibit regular sequences characterized by E2 intraband transitions in their level structure [1–3].
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In the spherical or weakly deformed nuclei in the vicinity of the
shell closures, the current distribution of few nucleons (particles
and/or holes) outside the core crucially contribute in the generation of angular momentum and several exotic phenomena have
been observed in such systems [4].
The “shears mechanism”, following a detailed experimental and
theoretical investigations [5–7], has been identiﬁed as one of such
phenomena associated with the generation of angular momentum
in nuclei with few particles and holes outside a weakly deformed
core. The manifestation of the mechanism has been established as
a regular sequence of levels connected by strong M1 intraband
transitions while the cross-over E2 transitions are either weak or
absent in conformity with the weak deformation characteristics in
these nuclei. As is now understood, particles and holes outside the
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weakly deformed core can form an arrangement of two perpendicularly aligned angular momentum vectors (blades) that represent the band head conﬁguration of the band. Angular momentum
along the band is generated by closing-in of the two blades, much
like that of a pair of shears that renders the name shears band
to the resulting sequence. Such an arrangement of particle and
hole angular momentum leads to a large transverse component of
the magnetic dipole moment (see, for example, Fig. 4 of Ref. [4])
that explains the strong intraband M1 transitions observed in the
bands. This transverse component of the magnetic dipole moment
decreases in magnitude with the closing-in of the angular momentum vectors thus explaining the decreasing trend of the B ( M1)
values along the band. The perpendicular component of magnetic
dipole moment of the valence nucleons rotates about the total angular momentum axis and hence identiﬁed as Magnetic Rotational
(MR) band. The MR bands terminate when the two blades are
completely aligned to the total angular momentum vector generating the maximum possible spin corresponding to the particle-hole
conﬁguration assigned to the respective MR band [4]. The experimental signature of the MR band structure is a decreasing trend of
the B ( M1) and B ( E2) values with increasing spin and the same
has been well interpreted within the theoretical framework invoked for the purpose [4,8].
Though the nuclei in the vicinity of the shell closures do not
have a stable deformation in the ground state, the excited multiquasiparticle conﬁgurations involving high- j deformation driving
orbitals, associated with MR bands, can extend a polarizing effect
on the core leading to a weak deformation of the latter, manifested
in the weak cross-over E2 transitions in these bands. In fact the total angular momentum of the constituent states in MR bands has
contributions not only from the aligning angular momentum vectors generated by particles and holes but also from the rotation of
the weakly deformed core. As the current distributions of the particles and the holes become more symmetric along the MR band,
their polarizing effect correspondingly decreases and the same is
indicated by the diminishing B ( E2) strengths with increasing spin
in the MR bands. Interestingly, however, the B ( M1)/ B ( E2) ratio
also exhibits a decreasing trend along the band thus implying an
increasing core contribution along the MR sequence. This is appropriately interpreted by the Shears mechanism with Principal
Axis Craking (SPAC) model that has been successfully applied to
the MR bands observed in 139 Sm, 141 Eu and 142 Gd [9–11]. Quite
uniquely, contrary to the aforementioned generality in the trend of
the B ( M1)/ B ( E2) ratio along the MR bands, a smooth increase in
this ratio has been observed in one of the dipole sequences in the
144
Dy nucleus [12]. This band was ascribed to the MR phenomenon
but no conclusive explanation could be presented for the idiosyncrasy. In the wake of such observations, a probe into the role of
core rotation in the MR phenomenon, its contribution in the generation of angular momentum therein and its evolution along the
band is warranted.
The present paper reports such a study in the 143 Sm ( Z = 62,
N = 81) nucleus. The nucleus was previously studied by Raut et al.
[13] using heavy-ion induced fusion-evaporation reaction and an
array of six Compton suppressed Clover detectors as the detection
system. A dipole band, with a band-head energy of ∼ 8.6 MeV
and tentative spin-parity 43/2− was reported therein. The band
was tentatively interpreted in the light of the MR phenomenon
but, in the absence of any lifetime measurements, no conclusive
evidence for the proposition could be obtained. The current work
re-investigates the dipole structure (DB I) in 143 Sm using an array
of higher eﬃciency provides conﬁrmation to the MR mechanism
associated with the sequence and reports a new dipole band (DB
II) feeding DB I, at one of its intermediate states. Such bifurcation
in the level structure is understood to embody a novel behaviour of

Fig. 1. The proposed level structure of the negative parity states above the 7027-keV
35/2− state in 143 Sm. The newly observed transitions are marked by an asterisk.

this nucleus in the generation of angular momentum at the highest
excitations.
The dipole structures in 143 Sm were populated in the present
study using 124 Sn(24 Mg, 5n) reaction at E lab = 107 MeV. The beam
was obtained from the 15 UD pelletron at the Inter University Accelerator Center (IUAC), New Delhi. The target was 0.8 mg/cm2 enriched (99.9%) 124 Sn evaporated on a 13 mg/cm2 gold backing. The
residues were produced with velocity β ∼ 1.6%. The de-exciting γ
transitions were detected using the Indian National Gamma Array
(INGA) which consisted of eighteen Compton suppressed clover detectors arranged in four different angles 90◦ (6), 123◦ (4), 148◦ (4)
and 57◦ (4) with respect to the beam axis (the number in the
parenthesis is the detector numbers at the respective angles) [14].
About 8 × 108 two and higher fold γ –γ coincidence events were
collected in list mode format. The acquired data was sorted into
different symmetric and angle dependent E γ –E γ matrices with
INGASORT [15] software and subsequent analysis was performed
using the INGASORT [15] and RADWARE [16,17] codes. The multipolarities and the electromagnetic characters of the observed
γ -ray transitions, for assigning the spin-parity of the levels, were
determined from the measurements of the ratio for Directional
Correlation from Oriented (R DC O ) state [18,19], the asymmetry in
linear polarization () [20–23] and the mixing ratio (δ ) [24–26].
The experimental details and data analysis procedures have been
described in details in Ref. [27,28].
The proposed dipole bands in 143 Sm, as observed in the present
work, is illustrated in Fig. 1. In the previous study [13] the spinparity assignments of the associated levels were tentative owing
to the large uncertainties or impossibilities in the R DC O and polarization asymmetry measurements of transitions, such as 126 keV,
leading to the dipole band. In the current investigation, the 490.8
keV transition has been observed de-exciting the same 7517 keV
level as the 126 keV transition. The R DC O and polarization asymmetry values of this 490.8 keV γ -ray establish its E2 character,
following which the spin-parity of the 7517 keV level could be
conﬁrmed to be 39/2− , upholding the previous (tentative) assign-
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ment by Raut et al. Further, the R DC O and polarization asymmetry
values for the 1096.2, 414.8 and 681.6 keV transitions are consistent with the previous assignments and consequently the spinparity of the 8614 keV state has been conclusively assigned as
43/2− .
Raut et al. had reported a dipole sequence in the 143 Sm nucleus
starting at 8614 keV level and extending upto a spin of 57/2− . The
R DC O , polarization asymmetry and multipole mixing ratio of the
ﬁrst four member transitions of this band, 239.5, 339.6, 444.8 and
578.2 keV, determined in the present study establish their predominantly M1 nature in compliance with the earlier assignments and
conﬁrming the spin-parity of the sequence upto 51/2− . Above this
state, Raut et al. had assigned three M1 transitions, 602, 728 and
706 keV, to the dipole band. The present work, carried out using
a substantially more sensitive detection setup, has conﬁrmed the
728.0 keV transition as a member of the dipole band above 51/2−
state while the 602.0 and 706.0 keV transitions are placed above
the 51/2− 10213.7-keV and 49/2− 9635.5-keV excited states, in
parallel with the 728.0 and 578.2-keV in-band transitions, respectively. Measured R DC O , and  values for the 728.0-keV transition
have been conﬁrmed the spin-parity of 53/2− for the highest observed state of the band designated as DB I. We have also observed the weak cross-over transitions between 47/2− → 43/2− ,
49/2− → 45/2− and 51/2− → 47/2− states in DB I (Fig. 1). The
R DC O and polarization asymmetry measurements of these conﬁrm
their E2 character.
The salient ﬁnding of the present work is the observation of a
bifurcation in DB I at 49/2− leading to another sequence of levels connected by the 527.5, 584.9, 646.2 and 698.0 keV transitions.
The R DC O and polarization asymmetry measurements of 527.5 and
584.9 keV γ -rays indicate their predominantly M1 nature. The
polarization asymmetry of 646.2 and 698.0 keV transitions could
not be determined owing to the want of statistics at these highest excitations but the R DC O values for these do indicate their
dipole character. Following these assignments, the sequence of levels forked from DB I has been interpreted as the second dipole
band, labelled as DB II in Fig. 1. Cross-over transitions connecting 53/2− → 49/2− and 55/2− → 51/2− states (Fig. 1) in DB II
have also been observed with statistics that did not allow for determination of their polarization asymmetry but did qualify for the
extraction of the R DC O values that conﬁrm their quadrupole character.
Observation of Doppler-broaden lineshape corresponding to the
γ -rays in DB I and DB II facilitated the determination of level lifetimes in these bands using the Doppler Shift Attenuation Method
(DSAM). A combination of developments reported in [29] and the
LINESHAPE [30,31] package has been used for the corresponding
analysis. The stopping of the residue through the target and the
backing media were simulated using Monte Carlo based codes and
updated stopping powers from the SRIM database. The simulated
trajectories were then used to generate velocity proﬁles of the
residual nuclei (143 Sm) for the clover detectors at different angles by assuming that the response of a composite clover detector
was identical to a single-crystal high-purity germanium (HPGe) detector with the dimension same as the dimension of the former
placed at the same distance. The validity of this assumption was
checked by analyzing the Doppler shapes obtained from a single
crystal of a particular clover detector in the array [27] and comparing the lifetime results with that obtained from using the clover.
The velocity proﬁles were used as input parameter to calculate
the expected Doppler shapes for transitions of interest. The level
lifetimes were ﬁnally determined by the least square ﬁtting of the
experimental (gated) spectra with the calculated shapes. It is understood that if the spectrum is from a gate on a transition below
(GTB) the transition of interest, it is necessary to incorporate the
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contributions from the side feeding transitions while analyzing the
level lifetime. For analysis with GTB, as far as the LINESHAPE package is concerned, the side feeding is modelled with a cascade of
ﬁve transitions and the moment of inertia of the sequence is typically chosen to be similar to that of the band of interest being
analyzed. The same procedure has been adopted in the present
work for determining the level lifetimes in DB I and DB II. In this
process, the effect of variation in the side-feeding intensity between two extreme values (taking the corresponding uncertainties
in intensities into account) resulted in a change in the evaluated
level lifetime by less than 10%. The detail analysis procedure was
discussed in Refs. [27,28].
In the ﬁtting process, the particular situation is occurred for the
level which is populated by more than one γ transitions (for example, 51/2− of DB II which decays via the 527.5-keV transition
which is populated by the 584.9 and 1231.5-keV transitions deexciting from the 53/2− and 55/2(−) levels of DB II, respectively)
and both of them have level lifetime. In the ﬁtting process, one
transition has been considered as in-band transition whereas other
transition is representative of the observed side-feeding transition.
This information has been incorporated in the feeding history of
the level of interest by replacing the lifetime of the top feeding inband level with the intensity weighted average of the lifetimes of
the states through which the transitions decay.
The side feeding lifetime is often identiﬁed as one of the principal uncertainties in the analysis of DSAM data. However, if the
spectrum is generated from a gate on a transition that is atop
(GTT) the transition of interest the effect of the side feeding is
eliminated. Such spectra with gates on the higher lying transitions,
above the transitions of interest, are plagued with lack of statistics,
and it is often impossible to use these for lifetime analysis. In the
present work, level lifetimes of some of the levels, both in DB I and
DB II, could actually be extracted from both GTB and GTT spectra.
These were 45/2− , 47/2− and 49/2− states in DB I and 51/2− ,
53/2− states in DB II. This analysis facilitated extraction of side
feeding times required for determination of level lifetimes from
GTB spectra. The lifetime of these levels were ﬁrst determined using GTT spectra and then using the GTB ones, for different values
of the side-feeding times, in order to reproduce the result obtained
from the GTT. In the process, the side feeding time required for the
GTB based analysis, was extracted. For the remaining states, where
both the GTT and the GTB techniques could not be applied and the
lifetime had to be determined only from the GTB, the value of the
side feeding time used was determined from an extrapolation of
the measured values of the same from the previous analysis [32].
Table 1 summarizes the R DC O , , and the lifetime results from
the present measurements along with the B ( M1) and the B ( E2)
values in bands DB I and DB II in 143 Sm. Fig. 2 illustrates typical
ﬁts to the experimental Doppler affected spectra that were simultaneously ﬁtted at three different angles, 148o , 123o and 90o , to
obtain lifetime results. The uncertainties on the quoted lifetimes
were derived from behaviour of the χ 2 value in the vicinity of
the least square minimum. The uncertainties do not include the
systematic contribution of the stopping powers that, owing to the
use of updated and experimentally bench marked stopping powers
from the SRIM database, are expected to be ∼ 5%. The absence or
non-observation of the cross-over (E2) transition 53/2− → 49/2−
in DB I actually results in a large value of the B ( M1)/ B ( E2) ratio
for the 53/2− state. The lower limit of this value can be estimated
from the minimum intensity of the transition required for observing it in the coincidence spectrum. In the present data, we were
able to observe the γ -ray transitions with minimum intensity at
1% with respect to that of the 239.5 keV transition. Considering
this to be the maximum intensity of the unobserved cross-over
transition, the lower limit of the ratio of the B ( M1) and the B ( E2)
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Table 1
The DCO ratio (R DC O ), polarization asymmetry (), level lifetimes (τ ) and side feeding lifetimes (τsf ) of the states and the corresponding B ( M1), B ( E2) and B ( M1)/B ( E2)
transitions rates for the γ transitions of the dipole bands DB I and DB II in 143 Sm.
Jf
[h̄]

Eγ
[MeV]

R DC O a

45/2−

43/2−

239.5

0.56(3) Q

47/2−

45/2−

339.6

Q

43/2−

579.0

47/2−

444.8

Ji
[h̄]



Branching
[%]

τ

τsf

[ps]

[ps]

0.16
1.02+
−0.12

0.20(3)b

B ( M1)
[μ2N ]

B ( E2)
[e 2 b2 ]

B ( M1)/ B ( E2)
[μ2N /e 2 b2 ]

DB I

49/2−
51/2−
53/2−

0.52(3)

−0.21(16)
−0.27(4)

100
92.3

0.09
0.58+
−0.08

0.21(3)

0.07
0.44+
−0.06

0.18(3)b

0.07
0.41+
−0.06

0.16(4)c

b

0.55
3.52+
−0.42

0.34
2.16+
−0.28

7.7

−0.12(4)

0.48(4) Q

45/2−

784.3

1.70(15)

49/2−

578.2

1.27(10) D

47/2−

1023.0

51/2−

728.0

49/2−
47/2−
51/2−

D

85.8

0.20
1.20+
−0.16

+0.32(11)

14.2

−0.08(3)

85.4

+0.11(3)

14.6

1.09(9) D

−0.04(2)

100

0.78↓

0.13(3)c

0.18↑

527.5

0.45(4) Q

−0.26(8)

74.8

0.12
0.78+
−0.09

0.15(3)b

0.06
0.36+
−0.04

972.1

1.81(23) D

584.9

0.42(4) Q

0.10
0.61+
−0.09

0.02
0.17+
−0.02
0.02
0.09+
−0.01

2.50
12.70+
−2.22
3.70
13.33+
−2.31
4.91
20.33+
−4.20

0.03(1)
46.78↑d

DB II
51/2−
53/2−
55/2(−)
57/2(−)

25.2

−0.12(5)

73.6

49/2−

1112.3

2.09(21)

53/2−

646.2

0.91(8) D

64.3

51/2−

1231.5

1.77(20) D

35.7

55/2(−)

698.0

1.28(11) D

100

D

2.61
12.00+
−1.96

0.03(1)
0.09
0.57+
−0.07

0.16(4)b

0.06
0.35+
−0.04

0.07
0.44+
−0.06

0.11(3)c

0.05
0.31+
−0.04

26.4

3.91
17.50+
−3.04

0.02(1)
3.49
15.50+
−2.99

0.02(1)
0.66↓

0.08(3)c

0.25↑

The uncertainties are rounded off to the nearest value up to two decimal places.
a
The measured R DC O [I γ (148◦ )/I γ (90◦ )] value of the γ -transitions form the gate on quadrupole ( Q ) and dipole (D) transitions.
b
c
d

Determined from level lifetime analysis using both GTT and GTB spectra, as discussed in the text.
Determined from an extrapolation of the side feeding times measured for some of the levels indicated with b, as discussed in the text.
The lower limit of the B ( M1)/B ( E2) value has been extracted for the 53/2− state of DB I from the intensity measurements.

values comes out to be of 46.78 μ2N /(eb)2 , that has been recorded
in Table 1.
The dipole band DB I in 143 Sm is characteristically similar
to the MR bands observed in the neighbouring nuclei such as
139,141,142
Sm, 141,143 Eu, and 142 Gd [9–11,27,28,33]. The transitional
probabilities, B ( M1) and B ( E2), in DB I exhibit the characteristic
decrease with increasing spin, as illustrated in Fig. 3, identical to
that for the MR bands in the aforementioned nuclei in the vicinity.
In fact the values of B ( M1) and B ( E2) in DB I are comparable to
those in the other MR bands identiﬁed in this mass region. These
observations uphold the proposition that the DB I sequence in the
143
Sm nucleus is a MR band.
The dipole bands in this mass region have often been interpreted as MR bands on the basis of theoretical calculations within
the framework of the Shears mechanism with Principal Axis Cranking (SPAC) model [10,11,27,28,33]. The same semiclassical calculation has been carried out for the dipole band DB I in 143 Sm, having
−1
−2 conﬁguration. The
assigned it a π h411/2 ⊗ ν h11
/2 π ( g 7/2 /d5/2 )
Total Routhian surface (TRS) calculation [34,35] exhibit a prolate
minimum [β2 ≈ 0.10 at rotational frequency (ω) ≈ 0.200 MeV] associated with this conﬁguration in 143 Sm nucleus. The excitation of
four proton particles into the h11/2 orbital is favored by the sharp
decreasing trend of its energy at the aforementioned deformation
and similar excitation’s have previously been reported for 149 Gd
( Z = 64, N = 85) nucleus [37] with deformation of the same order.
The preferential alignment of the angular momentum vectors produced by the particle and the hole, under prolate deformation, is
along the rotation axis and the deformation axis, respectively. The
SPAC model, that has been elaborated elsewhere (Ref. [27,28], for
example), pertains to the minimization of the total energy of an
excited state with a given spin with respect to the angles of the
two (particle and hole) angular momentum blades with rotation
axis. The angles corresponding to the minimized energy are applied to determine the B ( M1) and B ( E2) values of the respective
states. In the present case, the SPAC calculations have been per-

Fig. 2. (Color online.) The experimental spectra along with the ﬁtted line shapes for
the γ transitions (a) 444.8 and (c) 527.5-keV created by the “GTB” technique and,
(b) 444.8 and (d) 527.5-keV created by the “GTT” technique of the bands DB I and
DB II in 143 Sm. The top, middle and bottom rows correspond to the shapes in the
148◦ , 123◦ and 90◦ detectors, respectively. The obtained total line-shapes of the γ
transitions are represented by the red lines.

formed with an unstretched condition of the hole and the particle
angular momenta, j 1 = 9.5h̄ and j 2 = 14h̄, respectively. The resulting B ( M1), B ( E2) and rotational frequency (ω ) for the band DB I
well reproduce the experimental numbers, as illustrated in Fig. 3.
The parameter values for this calculation have been adopted with
reference to the similar efforts in the neighbouring nuclei [9–11,
27,28,33]. The successful representation of the decreasing trend of
experimental B ( M1) and B ( E2) values with spin as well as the
behaviour of ω therein, within the purview of the SPAC model,
is strongly indicative of the fact that the maximum contribution
to the angular momentum of the states constituting DB I is from
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depicted in the inset of Fig. 3 (a). There is a precedence of reproducing the experimentally observed falling trend of B ( M1)/ B ( E2)
in case of shears band in 139 Sm [9] by incorporating an increase
in the collective contribution along the sequence. Therefore, the
(reverse trend of) increase in the ratio, identiﬁed in the present investigation, might actually be indicative of a reduction in the core
contribution along the DBI band in 143 Sm.
A conﬁrmation to the proposition (on the evolving core contribution) was obtained from a further (semiclassical) calculation, following the prescription of the Clark and Macchiavelli [8], that was
carried out for the DBI band in 143 Sm, ascribed to the π h411/2 ⊗
−1
−2 conﬁguration. This calculation, at variance
ν h11
/2 π ( g 7/2 /d5/2 )

Fig. 3. (Color online.) Comparison of the experimental results for the dipole bands
DB I (represented by the black ﬁlled squares) and DB II (represented by the red
ﬁlled solid circles) in 143 Sm with the SPAC model (solid black and red lines for
the DB I and DB II, respectively) and the Clark and Macchiavelli’s description (black
dashed lines). The B ( M1) and B ( E2) transition strengths against spin (I ) have been
depicted in (a) and (b), respectively. The variation of R with spin (I ) and the dependence of spin (I ) on the rotational frequency (ω ) are shown in the inset of (a)
and (b), respectively.

Fig. 4. (Color online.) Comparison of the experimental B ( M1)/B ( E2) values for the
dipole bands DB I (represented by the black ﬁlled squares) and DB II (represented
by the red ﬁlled solid circles) in 143 Sm with the SPAC model (solid black and red
lines for the DB I and DB II, respectively) and the Clark and Macchiavelli’s description (black dashed lines). Inset (a) shows the experimental transition quadrupole
moment parameter Q t (solid black square) along with the results obtained from
the TRS calculations (solid black line) for DB I. Inset (b) shows the moment of inertia of the core and the shears angles (θ1 and θ I ) for the dipole band DB II.

the shears mechanism, thus conﬁrming the earlier interpretation
by Raut et al. [13]. However, it is intriguing to address the rapidly
falling trend of the B ( M1)/ B ( E2) ratio at the highest spins in DB I,
so predicted by the SPAC model calculation, and that is in sharp
contradiction to the observed sharp rise of the same (Fig. 4). This
decreasing trend of the B ( M1)/B ( E2) value is due to the evolving contribution of the collective core rotation along the band as

with the SPAC model, incorporates a smooth decrease in the core
angular momentum (R) along the band as per the expression,
R = 2 × (26.5 − I )/ξ , ξ being the number of observed states in
the band. The scalar addition of the (R) with the shears angular
−
−
→
−
→
−
→
−
→
−
→
momentum (| j sh | = | j p + jh |; where j p and jh are the angular
momentum vectors for the particles and the holes, respectively)
produces the total angular momentum of the state (I ). The transition probabilities are calculated from the equations elaborated in
Ref. [8]. The results in the present case, carried out using j p = 16h̄,
jh = 10.5h̄ and ξ = 6, are in excellent overlap with the experimental ω , B ( M1), B ( E2) and B ( M1)/ B ( E2) values in DBI, as illustrated
in Figs. 3 and 4. It emerges that the angular momentum contribution from the collective rotation, R, is ∼2 at the bandhead
43/2− and smoothly decreases to 0 at the highest observed state
53/2(−) . Similar decreasing feature of the transition quadrupole
moment parameter Q t has been obtained from the TRS calculation
in agreement with the values derived from the present experimental results, as shown in the inset (a) of Fig. 4. This implies that the
core becomes more and more symmetric, with respect to the total angular momentum, as the angular momentum blades close-in
to generate the high spin states in DBI and thus leads to a reduction in the collectivity along the band DB I. Together, the SPAC and
the Clark–Macchiavelli calculations aﬃrm the MR character of the
DBI band in 143 Sm along with a novel evidence of decreasing core
contribution with increasing spin along the sequence.
However, if the 53/2− state is not the member of the dipole
band DB I the SPAC model calculation is in better agreement with
the measured B ( M1) values throughout the band. This implies that
the shears mechanism with the principal axis cranking may represents an alternative interpretation of generation of the angular
momentum in the dipole band DB I and this alternative scenario
cannot be ruled out.
The unique observation of the present study pertains to the
dipole band DB II that bifurcates from DB I at 49/2− and emerges
as an energetically favoured sequence thereafter. The I vs. ω plot
(Fig. 3) for this band illustrates generation of much angular momentum (I ) with very little increment in the rotational frequency
(ω ), thus indicating an increase in the collectivity along DB II. Indeed, the SPAC calculations carried out for DB II, assigned with
the same quasiparticle conﬁguration as DB I, yield a satisfactory
overlap with the experimental ω , B ( M1), B ( E2) and B ( M1)/ B ( E2)
values (Figs. 3 and 4) only when the moment of inertia ( J ) of
the core is allowed to increase with spin, as depicted in Fig. 4.
This calculation conclusively establish that the increasing angular
momentum along DB II entirely results from the increasing contribution of the core rotation therein as is indicated by the unit
slope of R vs I plot in Fig. 3 while the orientation of the angular momentum blades (shears) is almost ﬁxed throughout the
sequence (Fig. 4). It may thus be stated that the DB II sequence
represents a scenario where the collective core rotation is a more
favored mechanism for generation of angular momentum rather
than the alignment of the angular momentum blades underlying
the MR/shears phenomenon. It is imperative to distinguish this
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situation from those previously reported in 139,141 Sm [9,33] and
128
Ba [36] wherein an increase in collectivity have been observed
along the MR bands in sharp contrast to the present case with one
of the bands (DB I) preserving its MR origin to higher spins while
evolving into as well as coexisting with an alternative and energetically favourable band (DB II) of collective rotational character.
The 49/2− state in the 143 Sm nucleus, thus, represents a
very unique transition point beyond which two radically different
mechanisms for generation of angular momentum in nuclei appear
to coexist. While the states of DB I beyond 49/2− still originate
from the aligning particle and hole angular momentum blades, as
is the case in MR bands, the levels of increasing spin in DB II
emerge from the collective rotation of the core. The latter being
energetically favorable, the level at 49/2− can be perceived as a
transition point from a few quasiparticle based angular momentum generation, as in the shears mechanism, to a domain where
the collective rotation of the core is the preferred mode of excitation. Equivalently, this also implies a transformation from a near
spherical or weakly deformed system to a well deformed one. To
the best of our knowledge, this is the maiden instance when such
a transformation has been established in the study of high-spin
excited states of atomic nuclei.
In summary, high spin dipole sequences in the 143 Sm nucleus
have been investigated using heavy-ion induced fusion-evaporation
reaction and an array of Compton suppressed Clover detectors.
Two bands, DB I and DB II, have been conﬁrmed from the spectroscopic measurements including determination of level lifetimes
using DSAM. Theoretical calculations have been carried out within
the purview of the SPAC model as well as the semiclassical model
of Clark and Macchiavelli. In the light of the experimental observations and their successful representation in the model calculations,
DB I has been conﬁrmed as a MR band while DB II, stemming
out of DB I at one of its intermediate state, has been ascribed to
the collective rotation of the core and energetically more favored
compared to the corresponding same spin states of DB I. The intermediate state of DB I, with spin 49/2− , has thus been identiﬁed
as a transition point from a weakly deformed system, with shears
mechanism in operation for generation of angular momentum, to
a deformed one, with collective rotation as the preferred mode for
producing higher spins albeit coexisting with the MR phenomenon
in the same excitation regime. This is a unique observation of
such transition followed by coexistence in the structure studies of
atomic nuclei.
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