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y-ray decay scheme. Comparison with eikonal-model calculations also permitted spectroscopic factors
to be deduced. Surprisingly, the O;r level in 3°Mg was found to have a strength much weaker than
expected in the conventional picture of a predominantly 2p—2h intruder configuration having a large
overlap with the deformed 3'Mg ground state. In addition, negative parity levels were identified for the
first time in 3°Mg, one of which is located at low excitation energy. The results are discussed in the
light of shell-model calculations employing two newly developed approaches with markedly different
descriptions of the structure of 3'Mg. It is concluded that the cross-shell effects in the region of the
island of inversion at Z = 12 are considerably more complex than previously thought and that np—nh
configurations play a major role in the structure of 3°Mg.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

The “island of inversion” (Iol) in which the neutron-rich N ~ 20

* Corresponding author. isotopes of Ne, Na and Mg exhibit ground states dominated by
E-mail address: beatrlz.fernandez.dom{nguez@usc.es (B. Fernandez-DF)mlngu?z). cross-shell intruder conﬁgurations, has attracted much attention
! Present address: Department of Physics and Astronomy, James Madison Univer- . . . . .
. since the first observations [1,2]. In particular, this region has be-
sity, Harrisonburg, VA 22807, USA. X K
2 Ppresent address: Division of cancer sciences, University of Manchester, Manch- come the testing ground for our understanding of many of the con-
ester, M13 9PL, UK. cepts of shell evolution away from g-stability and has sparked the

https://doi.org/10.1016/j.physletb.2018.02.002
0370-2693/© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by
SCOAP3.


https://doi.org/10.1016/j.physletb.2018.02.002
http://www.ScienceDirect.com/
http://www.elsevier.com/locate/physletb
http://creativecommons.org/licenses/by/4.0/
mailto:beatriz.fernandez.dominguez@usc.es
https://doi.org/10.1016/j.physletb.2018.02.002
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.physletb.2018.02.002&domain=pdf

B. Ferndndez-Dominguez et al. / Physics Letters B 779 (2018) 124-129 125

development of sophisticated shell-model interactions. Theoretical
approaches first employed mean field [3] and, later, shell-model
calculations [4-9] to explain the enhanced binding energies and
low 2% excitation energies, wherein deformation and a diminished
N = 20 shell gap [15] result in fp-shell intruder configurations
dominating the ground state wave functions.

In the case of the Mg isotopes, 39-31Mg were first suggested
to lie outside the lol, based on their masses [10,11]. Subse-
quent measurements, notably the measurements of the ground
state spin-parity (J” =1/2%) and magnetic moment [12,13] have
combined with theoretical work (e.g., Refs. [14,15]) to produce
a widely accepted picture in which 3'Mg is the lightest magne-
sium isotope within the Iol. Its ground state is characterised by a
strongly prolate deformed intruder structure with an almost pure
neutron 2p—2h configuration [16,17]. In contrast, 3°Mg is firmly
placed outside the Iol and its structure interpreted as a spher-
ical 0p—O0h ground state [18] coexisting with a neutron 2p—2h
intruder-dominated deformed O; isomeric state at 1.788 MeV [19,
20] and with negative parity levels expected to appear, according
to shell model calculations, at a relatively high excitation energy
(>3.5 MeV [21]).

Very recently, calculations employing a new type of interac-
tion — EEdfl - have reproduced many of the properties of the
neutron-rich isotopes of Ne, Mg and Si [22]. Significantly, the inter-
action was derived for the sd + pf shells from fundamental prin-
ciples and explicitly including three-body forces. Intriguingly, the
EEdf1 calculations predict that multiple particle-hole excitations
play a much bigger role than suggested by the earlier calculations.
For example, in the Mg isotopic chain the admixture of neutron
2p—2h and 4p—4h configurations increases suddenly at N = 18
[22]. Indeed, the ground state structure of 3Mg is predicted to
be very strongly influenced by the intruder fp-shell configura-
tions, with ~75% of the ground state wavefunction being of this
nature [22].

In order to test these two very different pictures of the tran-
sition into the Iol the structural overlaps between the 3'Mg and
30Mg states are of critical importance. To date, however, there are
only indirect estimates, based on proton resonant elastic scattering
on 39Mg [23]. In the present work, intermediate energy single-
neutron removal from 3'Mg is investigated. In addition to provid-
ing a measure of the overlaps between the 3'Mg ground state and
the levels populated in 3°Mg, the spins and parities of previously
known and newly observed states are deduced.

The experiment was performed at the GANIL facility where
a high intensity 36S primary beam (77.5 MeV/nucleon) was em-
ployed, in conjunction with the SISSI device [24]. A beam analysis
spectrometer delivered a secondary beam of 3'Mg (55.1 MeV/nu-
cleon) with a rate of ~55 pps. The secondary beam bombarded a
carbon target (thickness 171 mg/cm?) and the beam-like residues
were analysed according to momentum using the SPEG spectrom-
eter [25] and identified in mass and charge using standard AE-E-
TOF techniques.

The y-rays emitted by the beam-like residues were detected
using an array of 8 EXOGAM Ge clover detectors [26] that were
arranged symmetrically in two rings, each of 4 detectors, at polar
angles of 45° and 135° with respect to the beam axis. The full-
energy peak efficiency for the array, after implementing add-back,
was measured to be 3.3 £0.1% at 1.3 MeV and the energy resolu-
tion, after Doppler correction, was 2.7%. A more complete account
of the experimental details may be found in Ref. [27].

The inclusive cross section for single-neutron removal from
31Mg was determined to be 90 & 12 mb where the error arises
principally from the uncertainty in the integrated secondary beam
intensity. The y-ray spectrum, for events observed in coincidence
with 3°Mg residues, is shown in Fig. 1, after Doppler and add-back
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Fig. 1. (Color online.) Doppler corrected and add-back reconstructed y-ray energy
spectrum (E, > 500 keV) in coincidence with 3*Mg. The overall fit (red line) in-
cludes Geant4 generated lineshapes for each transition (black histograms) and an
exponential background (blue dashed line). The insets show the details of the re-
gions from 850 to 1100 keV and 1575 to 2175 keV.

160

140

120

o 2
o o
’:V\
(b
A
T
1
,7
—
|

Counts /5 keV

w- o T jrjfjr ---------- Jr ------

220 240 260 280 300 320 340 360 380 400
Energy (keV)

Fig. 2. (Color online.) Spectrum for the forward angle EXOGAM detectors for
E, < 500 keV. The grey histogram is the simulated lineshape for the 03' — 2'1*'
decay - E;,, =300+ 5 keV. The red shading reflects the uncertainty in the half-life
-3.9+0.5ns [19].

corrections were applied. Nine known transitions [28,21,29] were
observed. The energies and intensities are listed in Table 1 and the
deduced decay scheme shown in Fig. 3. A further weak, previously
unreported transition, which is not in coincidence (within the
statistics) with any other y -ray line, was identified at 1660(2) keV.
The y-ray energy spectrum was fitted with lineshapes generated
for each transition using Geant4 [30], plus a smooth continuum
background.

Below 500 keV, no y-ray lines were observed other than
an asymmetric peak at ~300 keV corresponding to the known
306 keV transition from the isomeric 05 1789 keV level to the 27
state (half-life 3.9(5) ns [19]). The lineshape for the isomeric de-
cay was simulated (Fig. 2) using Geant4 and taking into account
the half-life and the 3°Mg post-target velocity (8 = 0.303). The
analysis employed only the data acquired with the forward four
detectors as the corresponding lineshape exhibited particular sen-
sitivity to the lifetime.

The 3°Mg level and y-decay scheme in Fig. 3 is in accord with
previous studies [28,21,29], with the exception of two previously
reported transitions at 990 keV and 1060 keV [21] for which no
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