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The B(GT) strengths for the T, = £3/2 — £1/2 transitions in the A = 41 sytem, i.e., *'K (T, = +3/2) to
1Ca (T, = +1/2) and *'Ti (T, = —3/2) to *'Sc (T, = —1/2), were derived from the ' K(*He, t) measurement
and the *'Ti 3-decay study, respectively, and they are shown in Figs. 1 and 2. By comparing them, we notice
that the gross features of these two B(GT) distributions for the isospin mirror transitions are similar, but the
details are somewhat different. One of the interesting features is that the strengths of two J = 5/2 states
at about 4.8 MeV and 4.9 MeV in *'Ca and *'Sc, respectively, are almost reversed. It is natural to think
that these reversed strengths in the T, = +3/2 — +1/2 analog transitions are caused by the action of an
interaction depending on T, i.e., an isospin asymmetric interaction. For simplicity, let us think only of the
mixture between these J = 5/2 doublet states. Then we can deduce that: (A) the isospin-asymmetry matrix-
elements acting in these isospin mirror states have similar strengths but opposite signs, and (B) without the
isospin-asymmetry matrix-elements the transition strengths to these doublet states are almost the same. We
estimate the approximate values of isospin-asymmetry matrix-elements on the bases of these assumptions.
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Figure 1: The T, = +3/2 — +1/2 B(GT) distri- Figure 2: The T, = —3/2 — —1/2 B(GT) distri-
butions deduced from the *'K(3He, t) measure- butions deduced from the ! Ti 8-decay measure-
ment for the 4 Ca states with (a) J™ = 1/2F, (b) ment for the 'Sc states with (a) J™ = 1/2%, (b)
JT =3/2%, and (c) J* =5/27. J™=3/2%, and (c) J* =5/27.

The nuclear Hamiltonian is written as H = Ho + Hia, where Ho and Hia are isospin symmetry (conserving)
term and isospin-asymmetry term, respectively. Two eigenstates of Ho are denoted by ®, and ®,. Since the
Hamiltonian H, is isospin symmetric, these wave functions are the same in both T, = 1/2 (*!Ca) and T, = —1/2
(*'Sc) nuclei. The excitation energies E, and Ej of observed states are the eigenvalues of the total Hamiltonian
H. Let us think of wave functions ¥, and ¥, that satisfy

(Ho + Hia)¥a = E, ¥,  and  (Ho + Hia)¥b = Ep Py, (1)

respectively. The form of these equations are formally the same for T, = £1/2 nuclei, but note here that the
matrix-elements in the isospin-asymmetry term #Hjs are different in the T, = £1/2 nuclei [assumption (A)].
Therefore, the wave functions ¥, and ¥y, are different in T, = +1/2 nuclei.

We can formally write states ¥, and ¥y, in terms of linear combinations of the two states ®, and ®}, as

U, =a®, + Py, and Uy, = P, — aPy, (2)

where a? + 32 = 1. Note again here that the coefficients o and 3 are different in the T, = +£1/2 nuclei. Using
these relationships, the matrix element of the off-diagonal matrix Ha, i.e., the isospin-asymmetry term, can be



written as
(®a|Hia|®b) = af(Eqe — Ep). (3)

Let us think of the GT transitions caused by the operator O = o7 starting from the g.s. ®¢ of T, = +£3/2
nuclei. For simplicity, we assume that the effect of isospin asymmetry in the g.s. is small. The GT transition
strength B(GT) is proportional to the squared value of the transition matrix element of o7 type. Therefore, the
ratios of the B(GT) values R? and R! for the transitions to the two excited states before and after the mixing,
respectively, can be expressed as
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where B°(GT) and B'(GT) are the B(GT) values before the mixing of states and the observed B(GT) values
after the mixing of states, respectively. By putting Eq. (2) into Eq. (5), and using R°, the ratio R' can be
written as
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The transformation from Eq. (6) to Eq. (7) is not exact when the associated phases are different in the matrix
elements (®,]|0|®o) and (Pp|O|Po).

There is no way to study the ratio R® experimentally. However, according to the assumption (B), we can
put R® ~ 1, i.e., the doublet states have almost equal B(GT) values without the influence of Hia. Using the
experimental B(GT) values of Figs. 1 and 2, the values of R' are obtained for the doublet states observed at
4.8 MeV in the (®He,t) study and also for the doublet states observed at 4.9 MeV in the $-decay study. A
set of & and 3 is obtained for each of these R! values using Eq. (7) and the relationship o + %2 = 1. The
isospin-asymmetry matrix-element is calculated by putting a set of a and 3 and the difference of the excitation
energies into Eq. (3). As a result, values of —8.3 keV and 7.5 keV are obtained for the T, = +3/2 — +1/2 and
T, = —3/2 — —1/2 transitions, respectively. The signs of them are opposite and the absolute values are nearly
the same, which is consistent with the assumption (A). It is interesting that relatively small isospin-asymmetry
interactions of ~ 8 keV can make the reversed transition strengths observed for the isospin mirror transitions
to the doublet states with AE = 70 keV.

Isospin mixing was studied at a similar mass of A = 37 for a pair of J™ = 3/27" states. One of them was the
T = 3/21AS in *K at E, = 5.051 MeV and the other was a T = 1/2 state lying 31 keV below. The relative
proton widths of the two levels measured in a 3¢ Ar(, py) resonance reaction implied an isospin-mixing matrix-
element of 4.8 keV [1]. In addition the analysis of the 37-decay study from the g.s. of 3"Ca to these two states
suggested a value of 5.9 keV [1, 2]. It is interesting that similar values are deduced for the isospin-asymmetry
matrix-element obtained here and the isospin-mixing matrix-element.

For details see Ref. [3].
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