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Properties of deformed A hypernuclei’
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Abstract The properties of Be and B isotopes and the corresponding A hypernuclei are studied by using

a deformed Skyrme Hartree-Fock approach with realistic nucleonic Skyrme forces, pairing correlations, and

a microscopically determined lambda-nucleon interaction based on Brueckner-Hartree-Fock calculations of

hypernuclear matter. The results suggest that the core nuclei and the corresponding hypernuclei have similar

deformations with the same sign.
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1 Introduction

The study of hypernuclei is crucial to provide
the information about hyperon-nucleon (YN) and
hyperon-hyperon (YY) interactions. Currently there
are many experimental data for various single-A hy-
pernuclei over almost the whole mass table!"
few double-A hypernuclei. Many theoretical calcula-

and a

tions of hypernuclei were based on spherical symme-
try, except some attempts of deformed Hartree-Fock
(HF) calculations with nonrealistic interactions® and
the Nilsson model study of p-shell nuclei in Ref. [3].
However, it is well known that many p-shell and d-
shell nuclei are deformed in the ground state. For
example, according to experiment, '°B and 'C have
large quadrupole moments!®. So far there is no study
of a self-consistent model treating the core and the hy-
pernuclei with realistic effective interactions for both
nucleon-nucleon and AN channels.

The aim of this paper is to investigate how much
the observables of hypernuclei depend on the defor-
mation in a self-consistent deformed SHF (DSHF)
model including the hyperon degree of freedom (here-
after we call this model the extended DSHF model).
As an example, we study first the well-deformed
Be and B isotopes and the corresponding A hyper-

nuclei. The DSHF method has been used to de-
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scribe the properties of light and medium-heavy nor-
mal nuclei in Ref. [5] and is extended in this pa-
per to the study of hypernuclei. For this purpose
we generalize the microscopic AN force developed in
Refs. [6, 7] for nearly symmetric nuclei to isospin
asymmetric nuclei. This effective AN interaction is
derived from Brueckner-Hartree-Fock (BHF) calcu-
lations of isospin-asymmetric hypernuclear matter!®
with the Nijmegen soft-core hyperon-nucleon poten-
tial NSC89 and the Argonne Vg nucleon-nucleon
interaction, including explicitly the coupling of the
lambda-nucleon to the sigma-nucleon states.

This paper is organized as follows. In Section 2 we
briefly introduce the extended DSHF model including
an effective hyperon-nucleon interaction derived from
microscopic BHF calculations of asymmetric nuclear
matter. The calculated results of DSHF for core nu-
clei and extended DSHF for hypernuclei with one or
two A are given in Section 3. Finally, a summary is
given in Section 4.

2 Extended
Hartree-Fock

deformed Skyrme

We extend the self-consistent DSHF method
solved in coordinate space with axially symmetric
shape®, including the AN interaction. Namely, we
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solve the SHF Schrodinger equation

1 .
—V-WV—FVQ(T) —iVIW,(r)(Vxao)| x

Py (1) = €,y (7), (1)
where V, is the Skyrme mean field of nucleons or hy-
peron(s) and W, the nucleonic spin-orbit mean field.
In Eq. (1), the extended SHF mean fields are given
by
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where V" (q =n,p) is the nucleonic Skyrme mean
field without hyperons and
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[1.58+0.12a —0.1202+0.54y — 0.14y2} px+
{4.11 +2.11a+2.880%+0.35y + 1.17y2} P2 -

4.03+7.08a+5.18a2—0.93y+3.27y2} 52
(4)

with px = pu+ pp, @ = (pn — pp)/ P, and y = pa/px.
For more details about the above equations, please
refer to Ref. [10].

We take into account pairing interactions of nu-
cleons with a BCS approximation which is taken to
be a density-dependent delta-force!™,

V,(ri,m) =V, (1_%”)) S(ri—m),  (5)

where py(r) is the nucleonic HF density at r =
(ry+72)/2 and pp = 0.16 fm~>. We use the pairing
strength V = —410 MeV fm?® for both neutrons and
protons of light nuclei? and V) =—1146 MeV - fm?,
V! = —999 MeV - fm?® for medium-mass and heavy
nuclei. A smooth energy cutoff is employed in the
BCS calculations!®.
of nucleons, the orbit occupied by the odd nucleon
is blocked in the BCS calculations, as described in
Ref. [14].

In the case of an odd number

3 Results

The nucleus ®Be is known to be strongly de-
formed due to its double-« structure. As a first step,
we study the well-deformed Be and B isotopes and
the corresponding A hypernuclei by performing the
DSHF+BCS and extended DSHF+BCS calculations
with SkI4 Skyrme interaction and the microscopic
AN force.

8

-50 F Wb)'
-52

-54
-56
-58
-60
-62
-64
-66

E (MeV)

10
Be
AA

*Be n3/2, ]

_ . n312° ®A1/27 ]
n1/2°® A1/2 ]

541
56 [
58 L
60 [
62L
64 L
-66 |
-68 P T T T R S B |
-0.6 -04 -02 00 0.2 04 0.6 0.8

B,

Fig. 1. Self-consistent DSHF calculations with
the SkI4 interaction for (a) “Be and §Be, (b)
8Be, %Be, and 4{Be, and (c) °Be and '3Be.
The abbreviation “n” stands for the neutron
configuration.

Figures. 1, 2 show the binding energy surfaces for
the core nuclei "#°Be, %1°B and the corresponding
hypernuclei with the SkI4 force. For ®Be we got the
A binding energy,

By,=E(*'Z2)-E(}Z), (6)
and the AA bond energy,
ABaa=2E(""{Z)-E("?2)-E(,{Z), (7)

with By = 6.96 MeV and ABx, = —0.12 MeV, re-
spectively, compared with the experimental values
of By = 6.71+0.04 MeV™ or 5.99+0.07 MeV™,
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and ABy =4.3+0.4 MeV!"® or —4.94£0.7 MeV!'7.
The relativistic mean-field model of Ref. [18] pre-
dicts ABjyy = 0.3 MeV for this nucleus. Although
there are two experimental reports about the double-
A hypernucleus ,YBe, more experimental events are
desperately needed to confirm the data with better
statistics, as discussed in Ref. [19]. In fact a re-

cent measurement of , $He shows a weakly attractive

ABpa &~ +1MeV for this nucleus®. We remark that
the slightly repulsive bond energy is obtained because
of no AA interaction in our model, since the underly-
ing NSC89 potential does not provide it. Results ob-
tained with the NSC97 potentials including hyperon-
hyperon interactions yield similarly small numbers,

howeverl” 211,
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Self-consistent DSHF calculations with the SkI4 interaction for (a) ®*B and $B, (b) B and 3B, and
stands for the proton configuration.

The predicted deformations of *Be, {Be and ,}YBe | states of ®%19B and the corresponding hypernuclei are

are very similar, namely B, = 0.63, 8> = 0.59 and
B2 =0.55, respectively. The calculations suggest that
the core nucleus ®Be and the {Be, ,'’Be hypernuclei
have similar deformation parameters with the same
sign, which agree with the results of Ref. [22]. These
results also justify the assumption of the same defor-
mations in the core and the hypernuclei made in the
Nilsson model potential .

One notes in Fig. 1 that the ground state of "Be

1
has the quantum number K™ =n— |, while K™ = n§

for ?Be. All the core nuclei “*“Be have large prolate
deformations, especially ®Be. The corresponding hy-
pernuclei have similar shapes for the ground states.
We can see the same phenomena in Fig. 2: the ground

prolate with little difference of the deformation pa-
rameter (,. Our calculations predict that the ground
states of °Be and '°B are prolate, which is consis-
tent with the experimental data of the @-moments of
these nuclei®.

4 Summary

In summary, we studied deformations of core and
hypernuclei of Be and B isotopes using an extended
DSHF formalism. To this purpose we introduced the
microscopic AN interaction of Refs. [6, 7] extended
to isospin-asymmetric matter, together with nuclear
pairing correlations and SkI4 Skyrme forces.
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We found that the calculated large prolate defor-
mations of the p-shell nuclei °Be and '°B are con-
firmed by the experimental data of @) moments. The
calculated core nuclei and the corresponding hyper-
nuclei have similar deformations with the same sign,
which agrees with the calculations of the a-cluster
model in Ref. [22]. The obtained A binding energies
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