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Y. Ishibashi,1, 2, ∗ A. Gladkov,1, † Y. Ichikawa,1, ‡ A. Takamine,1 H. Nishibata,1, ‡ T. Sato,1, §

H. Yamazaki,1 T. Abe,1 J.M. Daugas,3, 1, ¶ T. Egami,4, 1 T. Fujita,5, 1 G. Georgiev,6, ∗∗

K. Imamura,7, 1 T. Kawaguchi,4, 1 W. Kobayashi,4, 1 Y. Nakamura,7, 1 A. Ozawa,2

M. Sanjo,4, 1 N. Shimizu,8, †† D. Tominaga,4, 1 L.C. Tao,9, 1 K. Asahi,1 and H. Ueno1

1RIKEN Nishina Center for Accelerator-Based Science, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
2Institute of Physics, University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8571, Japan

3CEA, DAM, DIF, F-91297 Arpajon, France
4Department of Physics, Hosei University, 2-17-1 Fujimi, Chiyoda-ku, Tokyo 102-8160, Japan

5Department of Physics, Osaka University, 1-1 Yamadaoka, Suita, Osaka 656-0871, Japan
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The ground-state magnetic dipole moment of the neutron-rich 21O isotope has been measured
via β-ray-detected nuclear magnetic resonance spectroscopy by using a spin-polarized secondary
beam of 21O produced from the 22Ne primary beam. From the present measurement, the g fac-
tor |gexp(21Og.s.)| = 0.6036(14) has been determined. Based on the comparison of this value with
Schmidt values, we unambiguously confirm the νd5/2 configuration with spin and parity assignments

Iπ = 5/2+ for the 21O ground state, suggested by previously reported studies.
Consequently, the magnetic moment has been determined as µexp(

21Og.s.) = (−)1.5090(35)µN .
The obtained experimental magnetic moment is in good agreement with the predictions of the shell-
model calculations using the USD, YSOX, and SDPF-M interactions as well as RPA calculations.

This observation indicates that the 21O nucleus does not manifest any anomalous structure and
is not influenced by the proximity of the dripline.

I. INTRODUCTION

In the light nuclear region, structural changes have
been observed due to the effect of excess neutrons.
As a typically interesting phenomenon, the disappear-
ance of conventional magic numbers and the emergence
of new magic numbers, such as the neutron number
N = 6, 16, 32 and 34, have been reported [1, 2]. Neutron-
rich oxygen isotopes are an interesting subject, for which
such intriguing properties have been reported. Of partic-
ular interest is the anomaly that 24O is a neutron dripline
nucleus of the oxygen isotopes. This implies that N = 16
is the new magic number [1]. The gap energy spread of
N = 16 occurs due to the widening energy gap of 1s1/2
and 0d3/2 neutron orbits. This double magic property
is supported from the recent study on neutron removal
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reactions of 24O [3]. The even more neutron-rich 25O has
also been studied by invariant mass spectroscopy with
the 2-proton removal reaction of 27Ne [4]. Anomalies in
nuclear structure have also been reported for 23O. In a
simple shell model, the spin parity of the ground state of
odd-mass neutron-rich oxygen isotopes, including 23O, is
Iπ = 5/2+ in common. Regarding its assignments to
23O, Iπ = 5/2+ was previously suggested [5], although
experiments based on nuclear reactions have concluded
that it is 1/2+ [6–8]. In addition, consistently with this
assignment, spin parity of Iπ = 5/2+ for the first excited
state measured at Ex = 2.79(13) and 2.78(11) MeV has
been suggested both in the studies on the 2p+1n removal
reaction of 26Ne [9] and 1n knockout reaction of 24O [10],
respectively. In Ref. [11], excited states were observed
at Ex = 4.00(2) and 5.30(4) MeV from the 22O(d, p) re-
action measurement, with the former characterized as a
d3/2 single-particle property. To investigate where such
structural changes occur in the oxygen isotopes, it is im-
portant to investigate the structure of 21O, which is closer
to the β-decay stability line than 23O. In contrast to the
extensive studies on 23O, however, little attempts have so
far been made for 21O. The change in the single-particle
energy is indispensable for understanding the structure of
neutron-rich nuclei, because they not only affect the po-
sition of the neutron dripline, but also change the nuclear
structure, such as the level structure and the configura-
tion mixing of levels. The experimental determination
of the spin and parity of the ground state is important
to investigate the nuclear structure change, because it is
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often the starting point of the discussion. On this as-
pect, theoretical studies on oxygen isotopes include, for
example, ab-initio calculations in recent years (See, for
instance, Fig. 3 in Ref. [12] for various ab-initio results
of the ground-state energies).

The structure of 21O has been experimentally inves-
tigated through, for instance, the multi-nucleon trans-
fer reaction [13] and in-beam γ-ray spectroscopy [14], in
which Iπ = 5/2+ has been tentatively assigned to the 21O
ground state. The momentum distribution was measured
[6] in the one-neutron removal (knockout) reaction. The
same assignment of Iπ = 5/2+ as the previous studies has
been claimed. In a more recent study, the d(20O,21 O)p
reaction as the (d, p) reaction in inverse kinematics was
applied for the structure study on 21O [15]. This study
also claims the 5/2+ assignment, because a measured dif-
ferential cross section to the 21O ground state can be well
reproduced with a dominant l = 2 component. Recent
work has included γ-ray spectroscopic measurements of
the low-lying excited state of 21O and the lifetime mea-
surements of the first and second excited states [16]. No
particular discrepancies have been reported in compari-
son with theoretical calculations performed with the as-
signment of the ground state to Iπ = 5/2+. However,
according to evaluators [17, 18], the Iπ = 5/2+ assign-
ment is still treated as a tentative result. In such a situa-
tion, it was important to investigate the 21O ground state
through g factor measurement by NMR spectroscopy,
which is a completely different observable from those ob-
tained in nuclear reaction-based studies.

In the present work, the magnetic moment µ for the
ground states of 21O has been measured. The nuclear
moments are sensitive to the internal structure of a nu-
cleus, and they thus provide a mean to discover the
spin anomalies and nuclear deformations. Therefore,
nuclear-moment measurements for neutron-rich oxygen
isotopes play an important role in revealing the com-
plete picture of the evolution of their nuclear structure.
Prior to the present study, the magnetic dipole mo-
ments µ(13,15,17,19O) and electric quadrupole moments
Q(13,17,19O) have been reported [19–24].
The present paper is organized as follows: in Section

II, the experimental methods used in the present work
are described; the results of the experimental measure-
ments are presented in Section III; in Section IV, the
comparison of the experimental results with the theoret-
ical predictions and the nuclear structure of the ground
state of the 21O are discussed and the paper is summa-
rized in Section V.

II. EXPERIMENTAL PROCEDURE

The experimental determination of the ground state
magnetic moment consists of three stages: a) production
of a spin-polarized secondary beam of 21O; b) measure-
ments of the magnitude of produced polarization in order
to ensure the optimal experimental conditions for an ef-

ficient β-NMR measurement, and c) actual measurement
of the 21O magnetic moment using β-NMR method with
the implementation of the so-called adiabatic fast passage
technique. The details of these procedures are provided
in the following subsections.

A. Production of spin-polarized 21O beam

The experiment was conducted using the RIKEN pro-
jectile fragment separator (RIPS) [25]. The details of
the separator layout used to produce the spin-polarized
secondary beam can be found in Ref. [26]. A beam of
21O was obtained from the fragmentation of 22Ne pro-
jectiles at E = 70 MeV/nucleon on a 9Be target of 0.185
g/cm2 thickness. A well-established method to produce
the spin polarization through projectile fragmentation
was used [27]. Fragments of 21O emitted at finite an-
gles θF = (4± 2)◦ from the primary beam’s direction
were accepted by RIPS using a beam swinger installed
upstream of the target. In addition, a range of momenta
pF = p0 × (0.96± 0.03) was selected by using slits placed
at the momentum-dispersive intermediate focal plane.
Here, p0 is the fragment momentum corresponding to
the projectile velocity. The momentum distribution of
21O is illustrated in Fig. 1.
In the one-neutron pickup reaction in this energy re-

gion, it is known from the study of [28] that a large
positive nuclear spin polarization is obtained near the
peak of the momentum distribution. In addition, for the
projectile-fragmentation reaction involving one neutron
pickup, there is an experiment in which 34Al was pro-
duced from 36S [29], and a large positive spin-polarization
was also obtained near the momentum peak. This phe-
nomenon have been interpreted as the relationship be-
tween the momentum-matching condition in the neutron
pickup and the corresponding angular momentum left in
the fragment. Since the production reaction of 21O in
this study is similar to the above-noted ones (in the sense
that only single neutron is picked up while the number
of protons transferred is even), we selected the region of
momenta near the peak, which is indicated by a shaded
area in Fig. 1.
The isotope-separation was achieved by the combined

analyses of the magnetic rigidity and momentum loss in
the wedge-shaped degrader [30]. After the separation,
the spin-polarized 21O beam was transported to the ex-
perimental apparatus described in Fig. 2, which was lo-
cated at the final focus of the RIPS separator and im-
planted into a stopper crystal.

B. Spin-polarization measurements

In β-NMR experiments combined with the
fragmentation-induced spin polarization, one needs
to produce a sufficient size of spin polarization P for
21O to find a resonance; however, P can only be known
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FIG. 1. Momentum distribution of 21O. The momentum win-
dow accepted by RIPS for β-NMR measurement is indicated
by pF. p0 represents the 21O momentum corresponding to the
incident beam velocity.
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FIG. 2. Schematic view of the β-NMR apparatus. A beam of
polarized fragments is introduced as indicated by the arrow.
A vertical static magnetic field B0 is applied with the poles
of an iron-core electromagnet. The oscillating magnetic field
B1 is applied perpendicular to B0 by means of an rf coil of a
Helmholtz configuration, which is placed around the stopper
crystal. The emitted β rays are detected by the plastic scin-
tillator telescopes located above and below the implantation
host.

after the resonance is determined. However, calculations
based on theories at the present stage may not predict
with sufficient accuracy the magnitude of polarization,
which depends on various factors such as the combi-
nation of the projectile and fragment, the projectile
energy, the momentum and the scattering angles of the
fragment. For efficient measurements, it is necessary to
proceed with polarization determination and β-NMR
measurements step by step. In the present study, we
therefore adopted an empirical strategy of performing
the polarization (more precisely, AβP ) measurement

based on the adiabatic field rotation (AFR) method
[31] prior to β-NMR spectroscopy, where Aβ is the
asymmetry parameter for the β-decay of 21O.
This technique allows us to determine the AβP value

(which appears in Eq. (1) below) for the implanted β-
radioactive nuclei by adiabatically rotating the strong
holding magnetic field provided by permanent Nd mag-
nets by 180◦ [31], whereas the spins of implanted particles
”follow” the direction of the external magnetic field, and
the sign of polarization is reversed. Thus, the observed
change in the β-ray emission asymmetry caused by this
spin reversal provides the empirical value for AβP . For
detailed description of the method and setup arrange-
ment, the reader is referred to [31]. By means of the AFR
measurement, the AβP value of 21O was determined as
AβP = 0.90(24)%, and the following β-NMR measure-
ments were conducted using the produced spin-polarized
21O beam.

C. Magnetic moment measurements

The magnetic moment of 21O was measured as fol-
lows. The spin-polarized 21O nucleus was transported
to a β-NMR apparatus located at the final focus of
RIPS and implanted into a sintered polycrystalline plate
(28 × 20 × 0.5 mm) of CaO with a cubic crystal struc-
ture. The purity of CaO was 99.9%. The spin-lattice
relaxation time (T1) of oxygen in CaO is not know, but
the nuclear moments of 19O, whose T1/2 = 27 s is much

longer than the halflife of 21O, have been measured using
a CaO crystal [24]. The layout of the β-NMR apparatus
is shown on Fig. 2.
A static magnetic field B0 = 500.98(16) mT was ap-

plied to the stopper. This value was obtained by using
a weighted average of the magnetic field measured by
using an NMR probe several times before and after the
measurement.
The β rays emitted from the implanted 21O were de-

tected with plastic scintillator telescopes located above
and below the stopper, each consisting of three 1-mm-
thick plastic scintillators. The β rays up/down counting
ratio R can be written as:

R = a
1 + v/c ·AβP

1− v/c ·AβP
≃ a(1 + 2AβP ), (1)

where a is a constant representing asymmetries in the
counter solid angles (Ωβ ≈ 4π × 0.26 sr each) and ef-
ficiencies, v/c the velocity of the β particle relative to
the speed of light. Taking into account the energy of the
β rays emitted from 21O (i.e., average energy of β rays
is 5173 keV[18]), the ratio R in Eq. (1) is well approx-
imated by setting v/c ≈ 1. The adiabatic fast passage
(AFP) technique [32] was implemented in order to realize
the reversal of the spin polarization. By taking a dou-
ble ratio R/Roff , where Roff is the value for R measured
without an oscillating magnetic field B1, the resonance
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FIG. 3. Wide search β-NMR spectrum. The two separate
runs with a single scan frequency sweep of ∆ν = 488.5 kHz
(open square) and ∆ν = 147.9 kHz (solid circles) are shown.
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FIG. 4. β-NMR spectrum for 21O in CaO stopper crystal, ob-
tained with finer frequency segmentation. The panel includes
the results obtained in two separate runs with a single sweep
width of ∆ν = 58.3 kHz (black circles) and ∆ν = 23.3 kHz
(red squares), where the horizontal bars represent the width
of each frequency’s sweep. The blue shaded area shows the as-
signment of the uncertainty of the deduced Larmor frequency.
For the definition of R/Roff ratio, refer to the text. The re-
sult of the AFR measurement is shown by an open circle as a
deviation of a 4-fold ratio [31] from the unity.

frequency is derived from the position of a peak in the
obtained spectrum.

The beam was pulsed with beam-on and beam-off peri-
ods of 2 and 8 s (T1/2(

21Og.s.) = 3.4 s), respectively. This
sequence timing was chosen based on the results of the
systematic AFR measurements. In the beam-off period
after the beam implantation, the B1 field was applied for
the first 10 ms. Then, the β rays were counted for 8 s,
and in the last 10 ms of the beam-off period the B1 field
was applied again to reverse the initial spin direction in
order to reduce the effect of the reversed polarization on
the subsequent cycles. This measurement procedure was
repeated for a particular set of frequencies and concluded

with a cycle without the application of the B1 field, which
serves as a baseline in the β-NMR spectrum. The entire
sequence was repeated until sufficient statistics was accu-
mulated. The B1 field was applied perpendicular to the
B0 field by using a coil installed around the CaO stopper
crystal.

III. RESULTS

The measurement of the g factor for 21O was per-
formed in a few stages. First, a single wide frequency
window scan of ∆ν = 488.5 kHz was conducted to confirm
the presence of the resonance within the selected region
and to ensure that the magnitude of the spin polariza-
tion was sufficient for the actual g factor measurement.
Here, the frequencies ranging from 1956 kHz to 2445 kHz
was scanned, which corresponded to g = 0.5125 – 0.6405.
Since the resonance shows up as the change in the β-ray
R ratio, the deviation of the double ratio R/Roff for this
scan from the unity indicates the occurrence of the spin
alteration by AFP-NMR, where Roff is the R ratio ob-
tained without the B1 field. This result is also assured
by the fact that the obtained R/Roff is in agreement with
that obtained by the AFR within the error bars. The ob-
tained R/Roff value is shown by the open square in Fig. 3,
together with the R/Roff converted from AβP value mea-
sured by the AFR method. Once the NMR effect was ob-
served, resonance scans with progressively narrower fre-
quency windows ∆ν = 147.9 kHz and 58.3 kHz were con-
ducted in order to define more precisely the location of
the resonance. The obtained β-NMR spectra are shown
by solid circles in Figs. 3 and 4, respectively.
We found that only the intervals which included a com-

mon value ν ∼ 2305 kHz exhibited the NMR effect. Com-
paring the AβP values obtained by AFR and AFP-NMR,
they agree both in Figs. 3 and 4 within the 1.7σ and 1.6σ
error bounds, respectively, althoguh the AFR values are
slightly larger. Then, a precision frequency scan of ∆ν =
23.3 kHz was performed. The result of this measurement
is represented by red squares in Fig. 4. Since there are
only three data points, further analysis, such as least-χ2

fitting was not performed, and νL = 2304.9± 5.3 kHz,
which simply correspond to a center frequency and full
width of the scanned frequency region for the data points
exhibiting resonance, was determined as the experimen-
tal resonance frequency (i.e., Larmor frequency). From
the obtanied νL, the ground state g factor of 21O was
determined as |gexp(21Og.s.)| = 0.6036(14).

IV. DISCUSSION

Because 21O has a Z = 8 proton closed shell, its
ground-state spin parity Iπ is dominantly formed by the
five neutrons in the sd orbits. In a simple shell model,
the ground state of 21O is represented by the config-
uration with one unpaired neutron in the d5/2 orbit,
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TABLE I. Comparison of experimental magnetic moments
µexp(

21O) obtained for the 21O ground state in the present
study with shell-model (USD, YSOX, and SDPF-M) and
RPA (D1S and D1M) predictions. The µexp(

21O) was calcu-
lated from the determined |gexp(21O)| factor and the assigned
Iπ = 5/2+. The Schmidt moment (µSchmidt) for a d5/2 neu-
tron is also illustrated.

µ moment (µN )
µexp(

21O) (−)1.5090(35)
µSchmidt −1.913
USD −1.44
YSOX −1.402

SDPF-M −1.476
RPA(D1S) −1.667
RPA(D1M) −1.487

i.e., |[(νsd)4]0+(νd5/2)⟩I
π=5/2+ . In this configuration, the

ground-state spin parity becomes Iπ = 5/2+, similar to
the odd-mass neutron-rich oxygen isotopes 17O and 19O,
which also have one unpaired neutron in the d5/2 or-
bit. Regarding the configuration the main components

will be of [(νsd)4]0
+

, [(νd5/2)
4]0

+

, [(νd5/2)
2(νs1/2)

2]0
+

,
or the admixture thereof.

The neighboring nuclei of 21O with even-Z num-
ber nearest to Z = 8 and the same neutron number
N = 13 are 23Ne and 19C, whose spin parities are also
formed by the five neutrons in the sd orbits. Interest-
ingly, however, their spin parities are different from each
other: Iπ(23Neg.s.) = 5/2+(Z = 10) and Iπ(19Cg.s.) =
1/2+(Z = 6) [33]. Provided the neutron configuration of
21O is approximately the same as 23Ne, which is natu-
ral in a simple shell model, Iπ = 5/2+ is suggested for
the 21O ground state. However, if 21O neutrons are in
the same situation as in the case of 19C, the Iπ = 1/2+

assignment is also possible.

Here, we consider two possible configurations in
which an unpaired d5/2 or s1/2 neutron carries the

nuclear spin parity Iπ = 5/2+ or 1/2+, respec-
tively. Then, the g factors corresponding to the

possible two configurations |[(νsd)4]0+(νd5/2)⟩I
π=5/2+

and |[(νsd)4]0+(νs1/2)⟩I
π=1/2+ , calculated with the bare

g factors are provided as gSchmidt(νd5/2) = −0.765
and gSchmidt(νs1/2) = −3.826, respectively. Al-
though a sign was not assigned to the experimen-
tal g factors determined in the present study, i.e.,
|gexp(21Og.s.)| = 0.6036(14), we can assign Iπ = 5/2+ to
the 21O ground state even if it is only from the compar-
ison of the absolute value to the above-noted Schmidt
values, due to the large difference in gSchmidt(νd5/2) and
gSchmidt(νs1/2).

It is also interesting to compare the |gexp(21Og.s.)|
value with the g factors of the neighboring nu-
clei, 17O and 19O, whose ground state Iπ are
known to be 5/2+. The experimental g fac-
tors for |gexp(17Og.s.)| = | − 0.75752(4)| [22] and
|gexp(19Og.s.)| = 0.61278(3) [24] are close to the

present |gexp(21Og.s.)| value in comparison to their
absolute values. This suggests the following assign-
ment of Iπ(21Og.s) = 5/2+. Thus, the ground-state
nuclear magnetic moment of 21O can be deter-
mined as µexp(

21Og.s.) = (−)1.5090(35)µN (Hereafter
µexp(

21Og.s.) will be assigned a negative sign from the
above Iπ = 5/2+ assignment in the comparison with
theoretical values).
The admixture of proton-excited configurations in 21O

is suppressed due to the LS-closed 16O core. Thus, the
effect of configuration mixing is approximately caused
only by the neutron’s side. In this situation, the wave
function of 21Og.s. can be approximately written in the
seniority scheme as follows:

ψ(21Og.s) = c0|[(νsd)4]0
+

(νd5/2)⟩I
π=5/2+

+ c1|[(νsd)2]0
+

[(νd5/2)(νd3/2)]
J+

(νd5/2)⟩I
π=5/2+

+ · · · (2)

(c0
2 + c1

2 + · · · = 1),

where the c0 term corresponds to the seniority one, the
c1 term to the seniority three (consisting of the seniority

two, [(νd5/2)(νd3/2)]
J+

, and the seniority one, (νd5/2)),
and so on. Note that J can take any values possible
for the intermediate states. To discuss the ground-state
configuration of 21O, based on Eq. (2), the µexp(

21Og.s.)
value was compared with the results of the shell-model
calculation with the USD interaction [34] conducted uti-
lizing the KSHELL code [35], as provided in Table I.
The calculated µ value was µUSD = −1.44µN , where we
adopted the effects of the meson exchange currents and
effective g factors of [36]. The difference from the ex-
perimental value was only δµ ≃ 0.07µN , suggesting that
21O is well described as a ”normal” nucleus. The ampli-
tude of each configuration in Eq. (2) was calculated to be
|c0|2 ≃ 90%, and |c1|2 ≃ 1.6%. The dominant c0 compo-
nent gives a single-particle µ moment of νd5/2, but the c1
term with J+ = 1+ causes quenching of the effect of off-
diagonal M1 matrix element with the c0 term [37]. The
observed δµ ≃ 0.4 is mainly explained by such effects.
We note that calculations with the USDA and USDB in-
teractions [38] were also conducted in addition to USD,
where the maximum difference among them was only δµ
≤ 0.05µN .
This observation is supported also by the shell-model

calculations in model spaces larger than the sd shell.
Here, we performed the calculations in the psd- and sdpf -
model spaces with the YSOX [39] and the SDPF-M [40]
interactions, respectively. As shown in Table I, the µ mo-
ments calculated in the psd and sdpf shells are similar
to those in the sd shell with the USD interactions. Note
that the free nucleon g factors were adopted in the calcu-
lations. The results with the YSOX interaction provides
that the percentage of the excitations from the p to the
sd shell is ∼16.8%. With the SDPF-M interaction, the
percentage of the excitations from the sd to the pf shell
is evaluated as ∼0.5%. From these results in the psd and
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sdpf shells, the shell-model description in the sd shell is
sufficient to explain the µexp(

21Og.s.) moment, suggesting
the ground state of 21O is ”normal” from a single-particle
point of view.

Besides the discussion above, the nuclear-structure
study of the 21O ground state based on the random phase
approximation has been also reported [41], where the
polarization effect of the doubly-magic core in odd-even
nuclei was described using a single-particle basis gener-
ated by Hartree-Fock calculations. The µexp(

21Og.s.) is
in good agreement with the predicted ones, µRPA(D1S) =
−1.667µN and µRPA(D1M) = −1.487µN , calculated using
two different parametrizations of the finite-range density-
dependent Gogny interactions based on the traditional
D1S force [42] and the recently proposed D1M one [43],
respectively, taking 22O as a core coupled with a νd5/2
hole. When comparing the two calculations, the reduc-
tion in µ from the νd5/2 single-particle moment will be
slightly insufficient for µRPA(D1S).

V. SUMMARY

In the present study, the magnetic moment of the
ground state of 21O was measured by using the β-NMR
method with a spin-polarized radioactive isotope beam.
In the experiment, the production of the spin polar-
ized 21O beam was confirmed using the adiabatic-field-
rotation method, β-NMR spectroscopy was conducted.
As a result of the measurement, the experimental g fac-

tor for the 21O ground state has been determined as
|gexp(21Og.s.)| = 0.6036(14). Based on the comparison of
thus determined g factor with the single-particle g fac-
tors of the neutrons in the d5/2 and s1/2 orbit, we firmly
confirmed the previously suggested assignment [17] of
Iπ = 5/2+ to the 21O ground state. Owing to the def-
inite assignment of Iπ(21Og.s.), we determined its mag-
netic moment as µexp(

21Og.s.) = (−)1.5090(35)µN . In
the comparison of the experimental µ moment with shell-
model calculations as well as with the RPA calculations,
a good agreement is found. From this observation, we
concluded that the 21O nucleus does not manifest any
anomalous structure in the ground state and is not influ-
enced by the proximity of the dripline.
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F. D. Oliveira-Santos, Z. Podolyák, F. Pougheon, M. G.
Porquet, P. Roussel-Chomaz, H. Savajols, Y. Sobolev,
C. Stodel, J. Timár, and A. Yamamoto, Phys. Rev. C
69, 034312 (2004).

[15] B. Fernández-Dominguez, J. S. Thomas, W. N. Catford,
F. Delaunay, S. M. Brown, N. A. Orr, M. Rejmund,
M. Labiche, M. Chartier, N. L. Achouri, H. A. Falou,
N. I. Ashwood, D. Beaumel, Y. Blumenfeld, B. A. Brown,
R. Chapman, N. Curtis, C. Force, G. de France, S. Fran-
choo, J. Guillot, P. Haigh, F. Hammache, V. Lapoux,
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