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Deformation effect in Borromean nucleus 19B†

M. Yamagami∗1

The Borromean nucleus 19B has been a subject of de-
bate because of its two seemingly contradictory prop-
erties: the dominance of the d-wave in the two va-
lence neutrons (2n), as suggested by a matter radius
of 3.11(13) fm (≈ 1.17 × 191/3 fm);1) and halo forma-
tion with a significant s-wave contribution, as indicated
by a low-lying B(E1) distribution. An analysis of the
B(E1) distribution also revealed a large core-2n dis-
tance, estimated to be rc-2n = 5.75± 0.11± 0.21 fm.2)

To consistently interpret these experimental data,
I performed calculations using a deformed-core plus
multi-neutron model. The core-n potential is repre-
sented by the Woods-Saxon potential with quadrupole
deformation β. Pairing correlations are included by us-
ing the Hartree-Fock-Bogoliubov method. A contact

pairing force, vnn(r, r
′) = v

(0)
nnF (r)δ(r − r′), was em-

ployed with the form factor:

F (r) = 1− f(r) + βRpair

[
d
drf(r)

]
Y20(r̂),

where f(r) = 1/{1 + exp[(r − Rpair)/a]}. R
(cut)
pair and

v
(0)
nn are determined to satisfy rc-2n = 5.75 fm and the
2n separation energy of S2n = 0.5 MeV in 19B.2)

I demonstrated that the experimental values of the
matter radius and the core-2n distance can be consis-
tently explained by considering a largely deformed 13B
core plus 6n structure. With rc-2n = 5.75 fm and the
matter radius of the 13B core kept fixed, the matter ra-
dius of 19B is overestimated for small β (e.g., 3.40 fm
for β = 0.2). However, as β increases, the matter radius
decreases and aligns with the experimental value (e.g.,
3.18 fm for β = 0.6).

The mechanism is as follows: As shown in Fig. 1,
the energies of the bound [211]3/2 and [220]1/2 states
deepen with increasing deformation. Consequently, the
neutron skin becomes thinner, resulting in a reduction
of the matter radius. This analysis indicates that 19B
consists of three distinct spatial layers: the neutron-
halo layer, neutron-skin layer, and 13B core. The de-
formation dependence of the neutron-skin layer plays
a critical role in suppressing the enhancement of the
matter radius due to the neutron halo.
The mixing of positive and negative parity orbits

is an important element in understanding the spatial
structure of the dineutron, where deformation effects
can lead to significant changes. As shown in Fig. 2,
both the s- and p-wave contributions are predicted to
be approximately 20% for deformations of β = 0.2 to
0.6. At larger deformations, while the s-wave contribu-
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Fig. 1. Neutron single-particle energies in 19B as a function

of deformation β. nε>0 denotes the contribution from

unbound neutrons. In the inserted diagrams, the blue

(light blue) region represents the neutron skin (halo).

Fig. 2. Fraction of partial-wave components in the dineu-

tron as a function of deformation β. rc-2n = 5.75 fm and

valence-neutron number Nval = 6 are fixed.

tion remains at approximately 20%, the p-wave compo-
nent increases and reaches 32.1% owing to the influence
of the [330]1/2 resonant state (see Fig. 1).

By contrast, an analysis based on the spherical-core
plus 2n model estimated the s-wave contribution to be
35%.2) The remaining partial-wave components are pri-
marily d-wave components, along with a minor p-wave
components.
The partial-wave components extracted from the

B(E1) distribution still have large uncertainties. The
deformation effects might improve the reproduction of
the B(E1) distribution. Efforts are currently underway
to enhance the analysis for deformed Borromean nu-
clei by extending the deformed-core plus multi-neutron
model.
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