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In a deformed nucleus with z-axis symmetry, the z component K of the total spin J is a
good quantum number. Each single nucleon is in a Nilsson orbit labeled by the asymptotic
quantum numbers [Nn,AQ] [1], where N is the total oscillator quantum number, n, the
number of quanta along the z axis, and A and  are z-axis projections of the orbital and
total angular momenta. Low-lying states of an odd-mass deformed nucleus are well described
in terms of the particle-rotor model assuming both a single quasi-particle in various Nilsson
orbits as the intrinsic configuration and the collective rotation induced by the core. Since the
rotation of the core is perpendicular to the z axis, K =  holds. Therefore, each rotational
band is specified by the quantum numbers of the single particle orbit K™[Nn,A].

In the middle of the sd shell, nuclei with mass number 19 < A < 25 are strongly de-
formed [1]. Low-lying states in the A = 23, T, = +1/2 mirror nuclei ?*Na and Mg and
those in the A = 25 system 2°Mg and 25Al are well described in terms of the particle-rotor
model [1, 2], where T, is the z component of isospin 7. The GT excitations in the A = 23
system were studied previously in the 2*Na(3He, t)23Mg reaction at 0° [3]. With the high
resolution of the measurement, many prominent peaks of GT excitations were observed, as
shown in Fig. 1(a). The study is extended to the A = 25 system by the same reaction on
a 2°Mg target. Although the mass-number difference of these two systems is only two, we
found that the measured 2°Al spectrum, selectively showing GT excitations, is completely
different at excitation energies (E,) below 6 MeV. In the A = 25 system most of the GT
excitations are very much suppressed except for the transitions to the ground and 1.61 MeV
states.

In intra-band transitions, quantum numbers specifying the intrinsic motion do not change.
The matrix element for the ¢, operator is given by

(Nn, A Kl|o,|Nn, AK) = 25, (1)

where Y. is the z component of the spin. In intra-band transitions, where K does not change,
the transitions by the GT operator are allowed.
The inter-band transitions are caused by o1 operators. By applying o, we get

o |Nn,AK) x 6(K,AF1/2)|Nn, AK+1), 2)

showing that o1 operators cause transitions changing the asymptotic quantum number 3,
and thus K by one unit. It should be noted that the asymptotic quantum numbers n, and
A are not constants of the motion, but K is. Therefore, the selection rules AK = +1 are
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important results from Eq. (2). In addition, it is expected that the transitions are much
favored if the asymptotic quantum numbers n, and A do not change in the transitions.

On the basis of various experimental data [4], a band structure for °Al shown in Fig. 2
and a very similar one for 2°Mg are proposed [1]. With our resolution of AE = 35 keV, many
weakly excited 25 Al states having J™ values of either 3/2%, 5/2%, or 7/2% [see Fig. 1(c)] could
be identified in the E, < 6 MeV region. These states are allowed in terms of the AJ™ = 1T
selection rule. In such cases, the selections by the K quantum number should be examined.
As shown in Fig. 2, the 0.945 MeV, 3/2*, 1.790 MeV, 5/2%, and 2.720 MeV, 7/2% states
are members of the rotational band 1/27[211]. The transitions from the J” = 5/2% ground
state of the 5/27[202] band to the members of the 1/27[21 1] band require a change of the K
quantum number by 2 units. These transitions are not allowed by the o1 operators, as seen
from Eq. (2), and thus GT transitions are not allowed. The same is true for the transitions
to the 2.674 MeV, 3/2%, 3.859 MeV, 5/2%, and 4.906 MeV, 7/2% states that are members of
the 1/27[200] deformed band.

More details are discussed in Ref. [5].
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