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Introduction

In the last few decades a number of ∆I = 1
rotational bands have been observed in almost
spherical nuclei. It was discovered that these
bands arise due to a new type of excitation
which is represented by the rotation of a large
magnetic dipole around the nuclear spin and
the phenomenon was called Magnetic Rota-
tion (MR) [1]. These MR bands were char-
acterized by the appearance of enhanced M1
transitions with weak/absent E2 crossover
transitions. Several ∆I = 1 bands with strong
M1 transitions and weak crossover E2 tran-
sitions built on multi-quasiparticle configura-
tions were observed in nuclei belonging to A ∼

135 mass region. Moreover, the nuclei in this
mass region have a larger deformation as com-
pared to the ones in the Pb region. Hence, it
was found interesting to see if MR mechanism
played an important role in the mass region A
∼ 135.

In the present work, 135La and 135Pr nuclei
have been investigated for the presence of MR
bands. The experimental results obtained are
presented and discussed within the framework
of the Tilted Axis Cranking (TAC) model.

Experimental Details

Two experiments have been performed with
the Indian National Gamma Array (INGA).
In the first experiment, high spin states
of 135Pr were populated by the reaction
123Sb(16O,4n)135Pr using 16O beam of 82
MeV from the pelletron accelerator of Inter
University Accelerator Centre (IUAC), New
Delhi. The target consisted of a 800 µg/cm2

123Sb with 10 mg/cm2 197Au backing. At the
time of the experiment, the array consisted of
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15 Compton suppressed clover HPGe detec-
tors placed at 32◦, 57◦, 90◦, 123◦, and 148◦.
The list mode data were taken in triple and
higher fold γ-ray coincidence using a CAMAC
based multi-parameter data acquisition sys-
tem along with the CANDLE software. To
populate high spin states in 135La, the reac-
tion 128Te(11B,4n)135La was used at beam en-
ergy of 50.5 MeV. The 11B beam was provided
by the Pelletron Linac Facility at Tata Insti-
tute of Fundamental Research (TIFR), Mum-
bai. The target consisted of 1.02 mg/cm2

128Te on 4 mg/cm2 197Au backing. The array
consisted of 16 Compton-suppressed clover de-
tectors at the time of the experiment. These
detectors were arranged in spherical geometry
with clover detectors placed at 40◦, 65◦, 90◦,
115◦, 140◦, and 157◦ with respect to the beam
direction. The online collection of data was
done via XIA based triggerless Digital Data
AcQuisition (DDAQ) system.

The data of 135La and 135Pr were sorted
using MARCOS and INGASORT programs,
respectively. The coincidence events were an-
alyzed off-line using the RADWARE software
package.

Results and Discussion
135

La : The level scheme has been con-
firmed and extended both for low and high
spin states along with the observation of sev-
eral new transitions [2]. Among lower spin
states, a new positive parity band (∆I = 2)
has been observed. It has been seen that the
energy level spacings in this band are simi-
lar to those in the even - even core nucleus
134Ba. Hence, this band has been identi-
fied as a decoupled band. Two negative par-
ity dipole bands (∆I = 1) have been estab-
lished. In one of the band, referred to as
band 6 (see [2]) E2 crossover transitions have
been identified for the first time. Band 6 has

Proceedings of the DAE Symp. on Nucl. Phys. 59 (2014) 1026

Available online at www.sympnp.org/proceedings



0.1 0.2 0.3 0.4 0.5 0.6_
h ω (MeV)

25/2

33/2

41/2

49/2

I(
_ h)

TAC 3qp

TAC 5qp
Expt.

Band 6

Band 7

FIG. 1: I(~) vs ~ω of bands 6 and 7 for 135La.

been extended to a spin of 37/2− and exci-
tation energy of 6028 keV. From the experi-
mental plots of I(~) versus ~ω and E versus
I(~), a band crossing has been observed be-
tween the negative parity dipole bands 6 and
7 at ~ω ≈ 0.41 MeV and I ≈ 35/2−. The-
oretical calculations (TAC calculations) have
been performed for bands 6 and 7 by taking
their configurations as π(h11/2)

1
⊗ ν(h11/2)

−2

and π(h11/2)
1(g7/2/d5/2)

2
⊗ ν(h11/2)

−2, re-
spectively. The 3qp configuration assigned
for band 6 and the 5qp configuration assigned
for band 7 resulted in a minimum in the to-
tal energy at deformation of ǫ2 = 0.120, γ
= 58◦, average tilt angle θ = 31.1◦ and de-
formation of ǫ2 = 0.116 , γ = 60◦, average
tilt angle θ = 29.8◦, respectively. The calcu-
lations were in good agreement with the ex-
perimental data (I versus ~ω (Fig. 1) and E
versus I values) which supports the choice of
the assigned configurations and suggest MR
features for bands 6 and 7. It has been ob-
served that the transitions 376- and 380-keV
belonging to band 8 have Directional Corre-
lations of Oriented states (DCO) ratios and
polarization asymmetry values which are not
consistent with E2(∆I = 2), E1 and M1 char-
acter. Hence, these transitions have been as-
signed ∆I = 0 character. The structure of the

two 15/2− states from which these transitions
decay can arise from the coupling of one pro-
ton in g7/2/d5/2 orbitals with two neutrons in
h11/2 and d3/2, respectively.

135
Pr : The partial level scheme consisting

of only negative parity states was studied. In
the negative parity level structure, several new
transitions have been identified and placed.
Among higher spin states, the M1(∆I = 1)
nature of band 3 [3] has been established by
RDCO and polarization measurements. The
crossover E2 transitions in this band have
been observed for the first time. From the ex-
perimental behaviour of I(~) versus ~ω a band
crossing has been seen at ~ω ≈ 0.37 MeV.
For the TAC calculations, a 3qp configuration
π(h11/2)

1
⊗ ν(h11/2)

−2 and a 5qp configura-

tion π(h11/2)
1(g7/2)

2
⊗ ν(h11/2)

−2 have been
considered for the lower and upper part of the
band, respectively. The minimum in the to-
tal energy was obtained at deformations ǫ2 =
0.14, γ = 62◦, θ = 31.6◦ and ǫ2 = 0.14, γ
= 60◦, θ = 26.9◦ for the 3qp and 5qp con-
figurations, respectively. A good agreement
has been seen between the I versus ~ω ex-
perimental data and theoretical calculations.
This supports the proposed configuration as-
signments to band 3.
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