Gamow-Teller Transitions in High-Resolution 23Na(3He, t)23Mg Reaction
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In order to study the transitions to the GT states in 22Mg, the ?*Na(3He, t) experiment
was performed at RCNP, Osaka by using a 140 MeV /nucleon *He beam from the K = 400
RCNP Ring Cyclotron and the Grand Raiden spectrometer [1] placed at 0°.

The target was a thin foil of NagCOj3 using polyvinylalcohol as supporting material [2].
The total thickness of the target was approximately 2 mg/cm?. The target is effectively a
mixture of ?*Na, carbon isotopes '?C and '*C (natural abundance 98.9% and 1.1%, respec-
tively), and oxygen isotopes 60 and 80 (natural abundance 99.8% and 0.2%, respectively).
After the (®He,t) charge-exchange reactions, these nuclei become ?Mg, 2N, 13N, 6F, and
18F . where the @ values of the reactions are -4.08, -17.36, -2.24, -15.44, and -1.67 MeV,
respectively. Owing to the large difference of @ values, the low-lying states in **Mg are
observed without being affected by the strongly excited states in >N and '6F. Since the Q
values of 13C and '"80O impurities are rather similar to that of 23Na target, states of 3N and
8F may disturb the Mg spectrum. The identification of these states and the states of 2*Mg
was possible in the good resolution experiment described below.

A resolution far better than the momentum spread of the beam was realized by apply-
ing the dispersion-matching technique [3]. Using the new high-resolution “WS” course [4]
for the beam transportation and the “faint beam method” to diagnose the matching condi-
tions [5, 6], an energy resolution of 45 keV (FWHM) was achieved. With the improvement of
resolution, states of 22Mg up to E, = 9 MeV were clearly resolved as shown in Fig. 1. Good
angular resolutions in z and y directions were achieved, respectively, by applying the angular
dispersion-matching technique and by realizing the “over-focus mode” in the spectrometer [7].
The “0° spectrum” in Fig. 1 shows events within the scattering angle < 0.8°.

In order to identify the states originating from '3C and ®O nuclei in the target, a spectrum
of a Mylar target was measured under the same condition as the NasCOj3 target. From the
comparison of both spectra, it was found that the wider state at £, ~ 1.7 MeV in Fig. 1 was
the 3.502 MeV state in 3N.

The excitation energies of states were determined with the help of kinematic calculations,
where known states of 13N and 'SF observed in the spectrum of Mylar target were used as
overall calibration standard for a wide @ value. Owing to the small Q value of the (3He,t)
reaction on '3C and the large Q value on '°0, the E, values of 2*Mg states were determined
by interpolation.

It is known that at 0° the CE cross section for a GT transition is approximately propor-
tional to B(GT) [9]. In order to obtain the absolute B(GT) values, a standard of B(GT) is
needed. Assuming isospin symmetry, the B(GT) values of mirror transitions are the same.
As the standard, we used the B(GT) value of 0.146 obtained in the 3-decay from the Mg
ground state to the 0.440 MeV state of 23Na [8]. We presumed the same B(GT) value for the
mirror transition to the 2*Mg, 0.451 MeV state in the ?*Na(*He, t) reaction. By using the
proportionality, the B(GT) values for other excited states were calculated from their peak
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