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Rotational level structure of sodium isotopes
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The study of neutron-rich Ne, Na, and Mg nuclei
around the breakdown of the N = 20 neutron magic
number, an area in the Segré chart termed “Island of
Inversion”!) has provided a wealth of information on
the evolution of nuclear shell structure away from the
valley of 3 stability. Due to its location in the prox-
imity of the neutron drip-line, accessing the “Island of
Inversion” is an experimental challenge. In this paper,
we report on the first y-ray spectroscopy performed
for the N = 23,24 sodium isotopes *#3°Na and a new
transition in 33Na. For the latter nucleus, previous
measurements suggested that the observed two transi-
tions originate from a 7/2] — 5/27 — 3/2], cascade
and the energy ratio was found to be close to an ideal
K = 3/2rotational band in the strong coupling limit?).

A 48Ca beam with an average intensity of 70 parti-
cle nA was accelerated by the Superconducting Ring
Cyclotron to 345 MeV/u and incident on a 15 mm
thick beryllium production target. A combination of
two magnetic dipoles and a 15 mm thick aluminum
degrader was utilized to filter a Mg secondary beam
with the BigRIPS fragment separator®) by applying
the Bp — AE — Bp method. For further purification,
a second aluminum degrader of 5 mm thickness was
inserted at the dispersive focal point of the second Bi-
gRIPS stage. After passing BigRIPS, the secondary
beams were incident on 2.54 g/cm? carbon and 2.13
g/cm? CHz (polyethylene) reaction targets, respec-
tively. BigRIPS was operated with its full momen-
tum acceptance of +3% and the average intensity of
36Mg was 90 particles per second. Gamma-rays emit-
ted in coincidence with the secondary reactions were
detected with the DALI2 array®, which was composed
of 186 large-volume Nal(T1) detectors. The secondary
reaction products were identified with the ZeroDegree
Spectrometer?).

In the present work, a third y-ray transition was ob-
served for 3Na at 760(13) keV in addition to the two
known ones, and forms a doublet with the 7/2] —
5/21|r decay. For the odd-odd nucleus **Na, a sin-
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Fig. 1. Doppler corrected ~y-ray spectra in coincidence with
33Na a), **Na b), and **Na c). The analysis was re-
stricted to event with ay-ray multiplicity M, of less
than 4.

gle y-ray transition was observed at 451(7) keV, while
the energy spectrum of 3°Na exhibited transitions at
373(5) and 641(16) keV. The level structure of the odd-
even sodium isotopes was found to be well described
by the SDPF-M effective interaction®.
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