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Antimagnetic rotation is a manifestation of Shears mechanism. In this specific case, the perpendicular
components of the dipole moments of the two shears cancel each other due to the symmetry of the
structure which leads to the absence of M1 transitions. The talk will cover the recent data on 110Cd and a
model based on classical particle plus rotor. This model has been used to explore the underlying
systematics of even-even Cd isotopes and a self consistent picture for the observed behaviours of
106,108,110
Cd will be discussed. This systematic study also helps to estimate the strengths of particle-hole
and hole-hole interactions of this mass region. The applicability of this model to the odd-odd Cd isotopes,
namely 105,107,109Cd, will also be discussed.

1. Introduction
In a nearly spherical nucleus with a
substantial number (four or more) of valence
nucleons, the total angular momentum is almost
fully generated by the valence nucleons. A very
special situation arises near certain shell closures
where the neutrons (protons) just above a shell
closure (particles) have their angular momentum
along the rotational axis while for the protons
(neutrons) just below the closure (holes) the
angular momentum is along the symmetry axis.
Thus, the resultant angular momentum is tilted
with respect to both symmetry and rotational
axes [1].
This situation has been well described by
Shears model by Clark and Macchiavelli [2,3],
where the band head spin is generated by the
perpendicular coupling of the angular
momentum vectors of particle and holes. Thus,
in this model, the only important degree of
freedom is the angle between these two vectors
(blades of the shear), namely, the Shears angle
(θ).
An interesting
consequence of the
shear structure has
been pointed out by S.
Frauendorf [4]. It is
possible to have a
symmetric
double
shears structure, where
each hole in the time
reversed
orbit,

combines with the particles whose angular
momentum vector is along the rotational axis.
Thus, the angle between the two hole vectors is
2θ. The higher angular momentum states in this
scenario, are generated by simultaneous closing
of the two shears. In this specific case, the two
perpendicular components of the dipole
moments cancel each other due to the symmetry
of the structure which leads to the absence of M1
transitions. This coupling scheme has been
termed as antimagnetic rotation (AMR) due to
it's similarity with anti ferro-magnetism, where
the dipole moment of one of the sub-lattice is
aligned in the opposite direction to that of the
other half which leads to the absence of net
magnetic moment. In this model, the electric

Fig.1 Observed aligned angular momentum
in 106,108,110Cd [5,6,7].
quadrupole transition rate (B(E2)) is proportional
to sin4θ. Therefore, as the two shears close
symmetrically, the B(E2) rates will show a
characteristic drop with increasing angular
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momentum, which distinguishes a AMR band
from a band arising due to collective rotation.
Till recently only two bands arising due to
AMR have been reported along the yrast cascade
of 106,108Cd [8,9]. The close similarity of these
two bands in terms of their transition rates and
single particle configuration led to a natural
expectation of a similar structure in the high spin
states of the yrast band of 110Cd. However, the
high spin behaviour of 110Cd is completely
different from its even-even neighbours as
shown in Fig. 1 where the aligned angular
momenta (ix) of 106,108,110Cd have been plotted
against the rotational frequency (ω). In all the
three cases, a sharp backbend was observed
around ω ~ 0.4 MeV due to the alignment of the
two h11/2 neutrons which leads to a large
alignment gain. Immediately after the backbend,
there is again a small alignment gain in 106,108Cd
due to alignment of two protons in g 7/2/d5/2.
However, it is absent in 110Cd and the Cranking
Shell Model (CSM) calculations also predicts
this alignment (AB crossing) to be around 0.7
MeV in 110Cd. On the other hand, there is a large
alignment gain between ω = 0.65 and 0.72 MeV
in 110Cd which is absent in 106,108Cd. No
satisfactory explanation of such a large
alignment gain could be given from CSM
calculations.
The high spin states of 110Cd were
populated through the reaction 96Zr(18O,4n)110Cd
at a beam energy of 70 MeV delivered by the
15UD Pelletron Accelerator at Inter University
Accelerator Centre (IUAC), New Delhi. The γrays were detected in the Indian National
Gamma Array (INGA) which consisted of 18
Compton suppressed Clover detectors.
The lifetimes of levels beyond 16+ were
estimated using the LINESHAPE analysis code
of Wells and Johnson. The examples of fitted
lineshapes are shown in Fig. 2. The estimated
B(E2) rates exhibit a steady fall as a function of
angular momentum beyond I = 18+. This
behavior is the characteristic signature of AMR
which has also been observed in 106,108Cd. Thus,
in 110Cd, though the high spin states of the yrast
band seems to originate from AMR, the
alignment behaviour is completely different from
it's immediate even-even neighbours.
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Fig. 2 Observed and fitted lineshapes in 110Cd.
In order to explore the underlying
systematics, we have used the classical analog of
two-particle-plus-rotor model. For the Cdisotopes, the two symmetric shears are formed
between jh1 = jh2 = jπ and jν = a jπ, where a is the
ratio of the magnitude of proton and neutron
angular momenta.
This model has been first applied to well
known AMR bands of 106,108Cd. This helped to
fix two important free parameters namely,
magnitudes of particle-hole repulsive (Vπν) and
hole-hole attractive interactions (Vππ).
For 108Cd, the states between 16+ and 24+
was found to originate due to AMR [9], and the
corresponding single particle configuration is
πg9/2-2 x ν[h11/22 πg7/22]. This configuration has
eight proton-neutron combinations in contrast to
one proton-proton combination. Fig 3(a), shows
the comparison of theoretical and experimental
I(ω) plot where the calculated frequencies have
been shifted by the band head frequency (0.468
MeV). In this case, the calculations are more
sensitive to the value of Vπν and the best
agreement between experimental and theoretical
values have been obtained for Vπν = 1.2 MeV.
The dependence on Vππ is weaker due to the
scaling factor and can be varied between 0 to
0.2 MeV without any significant deterioration in
the quality of the fit. These features have been
demonstrated in Fig. 3(a) where the solid, dotted
and dashed lines represent the calculated values
for Vπν = 1.2, 1.0 and 1.3 MeV, respectively and
Vππ = 0.15 MeV.
The B(E2) values have been calculated for
eQeff =1.1 eb [9]. The calculated (solid line) and
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experimental values have been plotted in Fig.
3(b), which shows a fair agreement. Thus, the
I(ω) and B(E2) values indicate that yrast levels
from 16+ to 24+ of 108Cd constitutes an
antimagnetic band whose band head frequency
and angular momentum are 0.47 MeV and 16 +,
respectively [10].

Fig. 3. The observed I(ω) plots ((a) and (c)) and
B(E2) rates ((b) and (d)) in 108Cd and 106Cd,
respectively. The lines represent the calculated
values using the classical particle plus rotor
model. The solid, dotted and dashed lines in ((a)
and (c)) are the calculated values for Vπν = 1.2,
1.0 and 1.3 MeV, respectively.
The situation is very similar in 106Cd,
except jν = 18 has been used, which is consistent
with the assumption that the band head spin (θ =
900) is 18+ [8]. The calculated (shifted by band
head frequency) and observed I(ω) plots and
B(E2) values are shown in fig. 3 (c) and (d),
respectively. The agreement is again satisfactory
for Vπν = 1.2 MeV and Vππ can be varied
between 0 and 0.2 MeV [10].
The situation changes in 110Cd. The
expected configuration for the high spin states is
πg9/2-2 x νh11/22, since the alignment plot (Fig. 1)
does not support the alignment of g7/2 neutrons.
Thus, for this configuration there are four
neutron-proton
combinations.
For
the
calculation, the band head has been assumed to
be 12+, since the h11/2 neutron alignment takes
place around 10+ which is essential for the
formation of the double shear structure. Such an
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assumption implies that the angular momentum
generated by shears mechanism and core rotation
is almost equal. Thus, the frequency (ω) will be
given by [10],
ω = ωrot - ωsh
where, ωsh and ωrot are the shears and core
rotational frequencies,
respectively. The
moment of inertia of the core has been assumed

Fig. 4. The observed I(ω) (a) and B(E2) rates (b)
in 110Cd. The dot-dashed and dot-dot-dashed line
in (a) represents a rotor with moment of inertia
of 19.5 and 13 MeV-1h2, respectively. The dotted,
solid and dashed lines in (a) represents the
calculated routhians for Vππ = 0, 0.15 and 0.30
MeV, respectively and eQeff = 1.1 eb. The solid
and the dashed lines in (b) represents the
calculated B(E2) values for AMR+rotation and
pure AMR, respectively.
to be half the rigid rotor value. It is interesting to
note that this value gives similar slope as the
experimental I(ω) plot in the frequency interval
of 0.4 to 0.6 MeV (shown as the dot dashed line
in Fig. 4(a). The difference in the values along
the angular momentum axis is due to the
contribution of the two aligned h11/2 neutrons.
The relative negative sign in the equation
takes into account the fact that in the present
case, the angular momentum is generated both
through collective and shear mechanisms. Thus,
a given angular momentum state will be formed
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at a lower energy (i.e. frequency) as compared to
that due to pure core rotation. For the
calculations, Vπν = 1.2 MeV has been fixed
since this value has been established from the
systematics of 106, 108Cd.
The calculated values have been plotted as
dotted, solid and dashed lines in Fig. 4(a) for Vππ
= 0, 0.15 and 0.30 MeV, respectively. It is
evident from the figure that the experimental
I(ω) beyond 0.65 MeV is well reproduced for
Vππ = 0.15 MeV and it has a definitive effect on
the curvature of the routhian. On the other hand,
for Vππ = 0.30 MeV, the predicted I(ω) plot
deviates substantially from the experimental
values. However, the quality of the fit remains
unchanged till Vππ = 0.20 MeV. The effect of
Vππ becomes appreciable in 110Cd since, there are
four particle-hole combinations, while in 106,
108
Cd there are eight. Thus, the present
calculation suggests that if the hole-hole
interaction is assumed to have a functional form
of P2(2θ), then the strength of this repulsive
interaction is ~ 0.15 - 0.20 MeV for A= 110
region. The present calculations seem to indicate
that the highest observed state of the yrast band
(28+) does not arise due to AMR (see Fig. 3(a)).
It is worth noting that in the present scheme
the band head frequency (θ = 900 and ωsh = 0), is
ωrot, and is determined by the core moment of
inertia. But, since this value is used in the
calculation of total angular momentum, the
nature of the I(ω) plot also depends on it. The
dot-dot-dashed line in Fig. 4(a) represents the
I(ω) plot for one-third the rigid rotor value. It is
evident that it neither reproduces the band
crossing nor the shape of the experimental I(ω)
plot. Thus, this simultaneous validation helps to
justify the choice of the value of moment of
inertia in the present model.
The present AMR+rotation model for 110Cd
predicts a slower fall of B(E2) as a function of
angular momentum as compared to the pure
AMR bands in 106,108Cd. This is due the fact that
the shear angle closes from 900 to 00 over a
angular momentum range of 16 units in case of
110
Cd while this range is 8 units in 106,108Cd. The
predicted B(E2) values for these two scenarios,
have been shown in Fig. 4(b) for 110Cd where the
dashed line assume the band head spin of 20 +
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(pure AMR) while the solid line corresponds to
the AMR+rotation configuration in the spin
domain where it is yrast. It is evident from the
figure that the experimental values agrees well
with the calculated values for AMR+rotation
configuration.
Thus, this work [10] establishes for the first
time, an interplay between antimagnetic and core
rotation which is responsible for the generation
of high angular momentum states (beyond 18 +)
in the yrast band of 110Cd. This effect can be
decisively concluded from the measured B(E2)
rates which show a slower fall as compared to
the pure AMR bands in 106,108Cd. The
comparison between the experimental and
theoretical I(ω) values in 110Cd also supports this
picture. From the present systematic study the
strength of particle-hole interaction for
antimagnetic rotation has been estimated for the
first timeand found to be 1.2 MeV for all the
three Cd isotopes, while the hole-hole interaction
strength has been found to be between 0.15 to
0.20 MeV.
This model could compute the theoretical
I(ω) plot for the first time for an AMR band.
Thus, it was also applied to explore the
possibilities of AMR for odd-A Cd-isotopes
[11].
The high spin levels of the negative parity
yrast sequence of 109Cd beyond 31/2- originates
due to πg9/2-2 x νh11/23 configuration [12]. The
double shear structure is formed by the three
aligned neutrons and the two proton holes. Thus,
there are six possible particle-hole pairs and one
hole-hole pair which implies that it is an
intermediate case between 108Cd (8 pairs) and
110
Cd (4 pairs). The band head spin (j ν) for this
configuration is 27/2 (11/2 + 9/2 + 7/2) which is
shifted by two units due to core rotation. It is to
be noted that a similar situation was found in
106
Cd [8]. This band has been established up to
51/2- .
For the calculations, the strength of the
interactions are taken to be the same as found for
even-even Cd-isotopes and the rotational
moment of inertia chosen such that it reproduces
the slope of the I(ω) plot for the ground state
band. This is shown Fig. 5(a) by the dotted line.
With this set of fixed parameters, the I(ω)
plot for the neutron aligned yrast band of 109Cd
has been calculated and shown as the solid line
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in Fig. 5(a). The calculated frequencies have
been shifted by the band head frequency of 0.51
MeV. It is evident from the figure that the AMR
configuration is non-yrast over the entire
frequency range. The calculated B(E2) values
are shown by the solid line in Fig. 5(b). It is
apparent that themeasured B(E2) values are
about twice as large as that predicted by the
model.

7

(eb)2, respectively and are in good agreement
with the experimental values.
The corresponding band for 107Cd has not
been extended to higher spin values [15]. Thus,
the I(ω) plot has been calculated for three
possible values of of core moment of inertia with
dashed, solid and dot-dashed lines. Once the
higher spin levels of this band is established this
parameter will get fixed in a similar way as in
case of other Cd-isotopes. Thus, the model
calculations will have a definitive prediction of
$I(\omega)$ behavior of the band if it originates
due to AMR+rotation.
Thus, a systematic study of AMR in 105110
Cd has been presented within a common
framework of classical particle rotor model
where the most important free parameters,
namely, the strengths of particle-hole and holehole interaction has been kept unchanged.
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Fig 5 The observed I(ω) plots [(a), (c) and
(e)] and B(E2) [(b), (d) and (f)] values for
109,107,105
Cd. The solid line represents the
calculated values using the classical particle
rotor model for Vπν = 1.2 MeV, Vππ = 0.2 MeV.
Thus, the present calculations indicate that
the high spin yrast levels of 109Cd do not
originate due to AMR.
The negative parity yrast sequence of 105Cd
has been established upto 47/2 - [13]. The levels
beyond 23/2- originate due to πg9/2-2 x νh11/23
configuration.
The experimental and calculated I(ω) plot
for the neutron aligned band have been shown in
Fig. 5(c), where the calculated frequencies have
been shifted by the band head frequency 0.4
MeV. It is interesting to note that the AMR
configuration is non-yrast at lower frequencies
but becomes yrast around 0.60 MeV which
corresponds to 35/2- level. Thus, the levels
beyond 31/2- are expected to originate due to
AMR.
Recently, These level lifetimes have been
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B(E2) values for 31/2- (θ = 740), 35/2- (θ = 650)
and 39/2- (θ = 540) levels are 0.15, 0.12 and 0.07
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