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Abstract. Recent progress on tilted axis cranking covariant density functional theory and
its applications to nuclear magnetic and antimagnetic rotation are briefly presented. In
particular, the magnetic rotation band in 198 Pb and the antimagnetic rotational band in
105
Cd are discussed.

1 Introduction
Covariant density functional theory (CDFT) with a few number of parameters allows a very successful
description of both ground state and excited state properties of nuclei all over the nuclide chart. In this
report, we will mainly focus on our recent works on tilted axis cranking CDFT and its application to
the microscopic investigation of magnetic rotation (MR) [1] and antimagnetic rotation (AMR) [2, 3].
It is quite common that rotational bands in nuclei are built on states with substantial quadrupole
deformations. Over the past decades, however, the magnetic rotation bands have been discovered
experimentally in nearly spherical nuclei with strong M1 and weak E2 transitions [4–6]. In a magnetic rotor, the magnetic moment is the order parameter inducing a violation of rotational symmetry,
which forms an analogy to a ferromagnet where the total magnetic moment, the sum of the atomic
dipole moments, is the order parameter. Since the first clear evidence for magnetic rotation observed
in 198,199 Pb, up to date, more than 195 magnetic dipole bands spread over 85 nuclides have been
observed [7].
In analogy with an antiferromagnet, on the other hand, a similar phenomenon is predicted in nuclei
known as “antimagnetic rotation” [5]. The AMR differs from magnetic rotation distinctly. Firstly, the
M1 transitions in the AMR band are zero since the transverse magnetic moment vanishes. Secondly, as
the antimagnetic rotor is symmetric with respect to a rotation by π about the angular momentum axis,
the spin difference of neighboring levels in AMR band is 2~. Moreover, the AMR is characterized by
a decrease of the B(E2) values with spin, which has been demonstrated by lifetime measurements [8].
To date, experimental evidences for AMR have been reported mainly in the Cd isotopes [8–13]. Other
candidates include 100 Pd [14], 112 In [15], and 144 Dy [16].
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From the theoretical side, both the MR and AMR bands have been discussed in simple geometry [6] and the cranking model [17] so far. The cranking model can explicitly construct the classical
angular momentum vector which is of great help to understand the structure of rotational bands. In
particular, based on the tilted axis cranking (TAC) approximation, lots of applications are carried out in
the framework of the pairing plus quadrupole model (PQTAC) [5, 17]. Recently, cranked shell model
with a particle-number-conserving approach [18] has also been applied to investigate the AMR [19].
However, in order to take the polarization effects fully into account and to treat the nuclear currents self-consistently, one should resort to fully self-consistent and microscopic investigations based
on reliable theories without additional parameters. The framework of CDFT [20–22] is a good choice
of such calculations. The CDFT was initially combined with the aplanar TAC model in the selfconsistent cranking relativistic mean-field (RMF) framework [23]. However, because of its numerical
complexity, so far, it has been applied only for the magnetic rotation in 84 Rb. Focusing on the magnetic
rotation, a completely new computer code for the self-consistent TAC-RMF theory has been established [24]. Very recently, the TAC model based on a relativistic point-coupling Lagrangian which
allows considerable simplification was established and applied successfully to the magnetic rotation
in both light nuclei such as 60 Ni [25], 58 Fe [26] and heavy nuclei such as 198,199 Pb [1]. Moreover, it
provides the first fully self-consistent and microscopic investigation for the AMR band in 105 Cd [2, 3].
For more details on tilted axis cranking CDFT, one can refer to a recent review in Ref. [7].
In the present contribution, the microscopic CDFT investigation for the MR and AMR will be
presented and the details can be found in Refs. [1–3].

2 Theoretical Framework
The starting point of CDFT with a point-coupling interaction is an effective Lagrangian density including a free-nucleon term, four-fermion point-coupling terms, higher order terms accounting for
the medium effects, the derivative terms to simulate the finite-range effects, and the electromagnetic
interaction terms. The details of this Lagrangian density can be seen in Refs. [27–29].
In the TAC model based on this point-coupling Lagrangian, it is assumed that the nucleus rotates
around an axis in the x-z plane and the Lagrangian is transformed into a frame rotating uniformly with
a constant rotational frequency,
Ω = (Ω x , 0, Ωz ) = (Ω cos θΩ , 0, Ω sin θΩ ),

(1)

where θΩ is the tilted angle. One can derive the equations of motion for the nucleons
[α · (−i∇ − V) + β(m + S ) + V − Ω · Ĵ]ψk = k ψk ,

(2)

where Ĵ is the total angular momentum, and the relativistic fields S (r), V µ (r) read
S (r) = αS ρS + βS ρ2S + γS ρ3S + δS 4ρS ,
V µ (r) = αV jµV + γV ( jµV )3 + δV 4 jµV + τ3 αT V jµT V + τ3 δT V 4 jµT V + eAµ ,

(3)
(4)

with e the electric charge unit vanishing for neutrons. Here, the time components of jµV and jµT V
correspond to the vector density ρV and the isovector-vector density ρT V , respectively. The total
energy in the laboratory frame reads
Etot = Ekin + Eint + Ecou + Ecm ,

(5)

which is composed of a kinetic part Ekin , an interaction part Eint , an electromagnetic part Ecou , and
the center-of-mass correction energy Ecm . Following the standard procedure, one can also obtain
the expectation values of the angular momenta, the quadrupole moments, and the electromagnetic
transition probabilities. The detailed formalism and numerical techniques can be seen in Refs. [3, 24].
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3 Results and Discussion

Figure 1. (Color online) Left: Angular momenta as a function of the rotational frequency in the tilted axis
cranking CDFT calculations compared with the data [30] and the PQTAC results [31] for Band 1 in 198 Pb. Taken
from Ref. [1]. Right: B(E2) values as a function of the angular momentum in the tilted axis cranking CDFT
calculations compared with data [9] for the AMR band in 105 Cd. Taken from Ref. [2].

In the left panel of Fig. 1, the calculated total angular momenta for one of the MR bands, Band 1,
in 198 Pb as a function of the rotational frequency are shown in comparison with the data [30] and the
PQTAC results [31]. It is found that both the tilted axis cranking CDFT and the PQTAC results agree
−
well with the experimental data. Here, as in Ref. [1], the proton configuration π[s−2
1/2 h9/2 i13/2 ]11 is
−1
−1
abbreviated by its spin number 11, and the neutron configurations ν[i13/2 ( f p) ] is referred as AE11
−1
before the backbending, and ν[i−3
13/2 ( f p) ] as ABCE11 after the backbending. The TAC calculations
support that the backbending arises through an excitation of a neutron-hole pair in the i13/2 shell. After
the backbending, the PQTAC results are nearly 3~ larger than the data and the CDFT results.
Antimagnetic rotation is characterized by weak E2 transitions decreasing with spin. In the right
panel of Fig. 1, the calculated B(E2) values are compared with the available data for the AMR band
in 105 Cd [9]. The resulting B(E2) values are very small (< 0.14 e2 b2 ) and in very good agreement
with the data. Furthermore, the fact that the B(E2) values decrease with spin is in agreement with the
interpretation by the two shearslike mechanism. The decrease of the B(E2) values can also be understood by the change of deformation. Actually, as discussed in Ref. [2], the nucleus undergoes a rapid
decrease of β deformation from 0.2 to 0.14 at a small and near-constant triaxiality. Therefore, one
can conclude that the alignment of the proton and neutron angular momenta, i.e., the two shearslike
mechanism, is accompanied by a transition from prolate towards nearly spherical shape.

4 Summary
In summary, the self-consistent tilted axis cranking covariant density functional theory with a pointcoupling interaction and its application to the magnetic rotation and antimagnetic rotation in nuclei
are briefly reported. Without any additional parameter, the experimental relation between angular
momentum and rotational frequency for the magnetic rotation band in 198 Pb as well as the data of
B(E2) values for the antimagnetic rotation band in 105 Cd are reproduced very well.
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