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Abstract. The anomalous E2 properties of the first 2+ states in neutron-rich nuclei 32Mg and 30Ne are
studied by the Hartree-Fock-Bogoliubov (HFB) plus quasiparticle random phase approximation (QRPA)
calculations. The large B(E2) values and the low excitation energies of the first 2+ states are well described
by the HFB plus QRPA calculations with spherical symmetry. We conclude that pairing effects account
largely for the anomalously large quadrupole collectivity.

PACS. 21.10.Ky Electromagnetic moments – 21.10.Re Collective levels – 21.60.Ev Collective models –
21.60.Jz Hartree-Fock and random-phase approximations

1 Introduction

The breaking of the N = 20 shell closure is clearly shown
in the observed anomalous E2 properties; the large B(E2)
value [1] and the low excitation energy, of the first 2+

state in 32Mg. Several theoretical studies have shown the
importance of the neutron 2p-2h configurations across the
N = 20 shell gap to describe the anomalous E2 properties
(e.g., [2]). Although the appearance of the 2p-2h config-
urations imply deformation of the ground state, the mi-
croscopic origin is still under great debate. The observed
energy ratios E(4+

1 )/E(2
+
1 ) is 2.6 in 32Mg [3,4], and this

value is in between the rigid rotor limit 3.3 and the vibra-
tional limit 2.0. The B(E2) value (in single-particle units)
is 15.0±2.5 in 32Mg, and this value is smaller than that in
“deformed” Mg isotopes (21.0± 5.8 in 24Mg, 19.2± 3.8 in
34Mg [5]). Moreover, the calculated ground state in 32Mg
have been found to be spherical in mean-field calculations
(e.g., [6]). In general, the neutron 2p-2h configurations can
originate not only from deformation but also from neutron
pairing correlations. In 32Mg these two effects may coexist
and help to make the anomalous E2 properties. In the pre-
vious studies it is not clear which effect is more essential
to describe the anomalous properties.

2 Ground-state properties in N = 20 isotones

HFB calculations with Skyrme SkM* force are performed
for N = 20 isotones from 30Ne to 40Ca [7]. The density-
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Fig. 1. The neutron pairing gaps in N = 20 isotones by HFB
calculations with Skyrme SkM* force.

dependent pairing interaction,

Vpair(r, r
′) = 1

2
Vpair(1− Pσ)[1− ρ(r)/ρc]δ(r − r

′), (1)

is used for the pairing field. The parameters Vpair =
−418MeV · fm−3 and ρc = 0.16 fm−3 with the quasipar-
ticle cut-off energy Ecut = 50 MeV reproduce the experi-
mental neutron pairing gap in 30Ne. As shown in fig. 1 the
calculated neutron pairing gaps change from 1.26 MeV in
30Ne to almost zero in 36S, although the size of the N = 20
shell gaps changes slowly as approaching 30Ne (fig. 2). The
mechanism can be understood by the change of the level
density in the fp shell. As close to 30Ne, the single-particle
energy (SPE) of the high-l orbit 1f7/2 change almost lin-
early while the changes of 2p3/2 and 2p1/2 SPEs become
very slow. Moreover, the spin-orbit splitting between 2p3/2

and 2p1/2 states becomes smaller. Consequently the level

density in the fp shell becomes higher in 32Mg and 30Ne.
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Fig. 2. Neutron single-particle energies in N = 20 isotones by
HF calculations with Skyrme SkM* force. Single-particle ener-
gies of bound and resonant states are connected by solid lines.
The energies of (discretized) non-resonant continuum states
are also shown by dashed lines.
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Fig. 3. The B(E2, 0+

1 → 2+

1 ) transition probabilities of the
first 2+ states in N = 20 isotones by HFB plus QRPA calcu-
lations with Skyrme SkM* force. For comparison the available
experimental data [1,9] and the results of shell model calcula-
tions [2] are also shown.

Within HFB calculations with spherical symmetry, the
N = 20 shell gap is naturally broken by neutron pairing
correlations.

3 Anomalous E2 properties in N = 20

isotones

We have performed HFB plus QRPA calculations for the
first 2+ states in N = 20 isotones [7]. The QRPA equa-
tions are solved in coordinate space by using the Green’s
function method [7,8]. To emphasize the role of neutron
pairing correlations, spherical symmetry is imposed. The
residual interaction is consistently derived from the hamil-
tonian density of Skyrme force that has an explicit velocity
dependence. To reduce the numerical task, the spin-spin
parts, the Coulomb parts, and the spin-orbit parts in the
resiual interactions are dropped. We impose an approxi-
mate self-consistent condition on the residual interaction
with a renormalization factor fR, Vres → fRVres, so as to
have the spurious Jπ = 1− state at zero energy. The typi-
cal value is fR ≈ 0.93 in this study. A detailed account of
our QRPA calculation can be found in ref. [7]. In figs. 3

0

1

2

3

4

5

6

8 10 1 2 1 4 1 6 1 8 2 0

QRPA  (SkM*)
Shell Model 
Exp.

Z

N=20 isotones

E
(2

+ )
  [

M
eV

]

Fig. 4. The excitation energies of the first 2+ states in N = 20
isotones by HFB plus QRPA calculations with Skyrme SkM*
force. For comparison the available experimental data [1,9] and
the results of shell model calculations [2] are also shown.

0

100

200

300

400

500

600

700

8 10 1 2 1 4 1 6 1 8 2 0

Z

B
(E

2
;0

+
  
 2

+
) 

  
[e

2
fm

4
]

∆n =0

N=20 isotones

QRPA  (SkM*)

Fig. 5. The B(E2, 0+

1 → 2+

1 ) values of the first 2+ states in
N = 20 isotones with/without neutron pairing. Proton pairing
is included in both calculations.

and 4 our QRPA results are compared with the available
experimental data [1,9] and the results of shell model cal-
culations [2]. The QRPA calculations have been done with
SkM* and the fixed pairing strength. The general proper-
ties of the first 2+ states in N = 20 isotones, especially
large quadrupole collectivity in 32Mg and 30Ne, are well re-
produced. In fig. 5 the B(E2) values with/without neutron
pairing are shown. Proton pairing is included in both cal-
culations. Without neutron pairing, we cannot explain the
anomalous E2 properties. Under these considerations, we
can conclude that the neutron pairing correlations account
largely for the anomalous E2 properties in 32Mg and 30Ne.
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