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Hypernuclei in the deformed Skyrme-Hartree-Fock approach
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The properties of A hypernuclei in a broad mass region are studied by using a deformed Hartree-Fock approach
using 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. Some light single-A
hypernuclei are substantially deformed and the A binding energy is modified by the deformation.
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I. INTRODUCTION

The study of hypernuclei is crucial for providing infor-
mation about hyperon-nucleon (Y N) and hyperon-hyperon
(YY) interactions. Quantitative information on these forces
is very important to understand the properties of multistrange
systems and also neutron stars. The experimental study of
hypernuclei [1-5] is one of the few possibilities to constrain
theoretical models of these interactions. Currently there are
many experimental data for various single-A hypernuclei
over almost the whole mass table [5] and a few double-A
hypernuclei [6-9].

Many theoretical studies of hypernuclei have been per-
formed either based on phenomenological models, i.e., rel-
ativistic mean-field models [10-12], Skyrme Hartree-Fock
(SHF) models [13], or Woods-Saxon potential [14] with an
effective hyperon-nucleon interaction, or by using microscop-
ically derived lambda-nucleon (A N) forces. In Refs. [15,16]
the properties of A-hypernuclei were studied by using a
AN G-matrix that incorporates the short-range correlations,
whereas in Refs. [17,18] a SHF model was used together
with a microscopical A N force without adjustable parameters,
derived from Brueckner-Hartree-Fock (BHF) calculations of
isospin-symmetric hypernuclear matter [19].

All these calculations of hypernuclei were based on
spherical symmetry, except some attempts of deformed HF
calculations with nonrealistic interactions [20] and the Nilsson
model study of p-shell nuclei in Ref. [21]. However, it is well
known that many p-shell and d-shell nuclei are deformed
in the ground state. For example, according to experiment,
198 and !'C have large quadrupole moments [22]. One can
describe deformed (hyper)nuclei within several models such
as the a-cluster model [2], the projected shell model [23], and
the deformed self-consistent SHF method [24]. Deformation
of p-shell hypernuclei was taken into account in Ref. [21]
by using the Nilsson model [25,26] and assuming the same
deformation for both the core and the hypernuclei. So far there
is no study of a self-consistent model treating the core and
the hypernuclei with realistic effective interactions for both
nucleon-nucleon and AN channels.
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The aim of this article is to investigate how much the
observables of hypernuclei depend on the deformation in
a deformed SHF (DSHF) model, including the hyperon
degree of freedom (hereafter we call this model the extended
DSHF model). The DSHF method has been used to describe
the properties of light and medium-heavy normal nuclei in
Ref. [27] and is extended in this article to the study of hyper-
nuclei. For this purpose we generalize the microscopic AN
force developed in Refs. [17,18] for nearly symmetric nuclei
to isospin-asymmetric nuclei. This effective AN interaction is
derived from Brueckner-Hartree-Fock calculations of isospin-
asymmetric hypernuclear matter [19] with the Nijmegen soft-
core hyperon-nucleon potential NSC89 [28] and the Argonne
Vig nucleon-nucleon interaction [29], including explicitly the
coupling of the lambda-nucleon to the sigma-nucleon states.
Furthermore, nucleonic pairing correlations are now included
in the model and we perform the DSHF and extended DSHF
calculations using three different nucleonic Skyrme forces.

The present study is a generalization of the calculations
of closed-shell spherical hypernuclei in Refs. [17,18] for
more complex open-shell nuclei using realistic effective
interactions. We study many nuclei in a broad region of the
mass table from light p- and sd-shell nuclei, medium mass
nuclei, and also heavy nuclei up to 2’Pb and 2% Pb.

This article is organized as follows. In Sec. II we present
the SHF formalism including an effective hyperon-nucleon
interaction derived from microscopic BHF calculations of
asymmetric nuclear matter. The calculated results of DSHF for
core nuclei and extended DSHF for hypernuclei with one or
two A are given in Sec. III and compared with the experimental
data. Finally, discussions and conclusions are given in Sec. IV.

II. FORMALISM

Our model is based on the self-consistent DSHF method
[24] solved in coordinate space with axially symmetric shape
[30], including the AN interaction. The total energy of a
hypernucleus in the extended DSHF model is expressed as

E = /d3r£(r) (D
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with the energy density functional

&= 8N[pn’ Pps Tns Tps Jn, Jp] + SA[pn’ Pps PA> TA], (2)

where ¢y is the total energy density of neutrons and protons
[24,31] and e, is the contribution due to the presence of
hyperons. The one-body density p,, kinetic density 7,, and
spin-orbit current J, read

N‘l

EDIA A (3a)
i=1
N‘I

7, =y n|vel [, (3b)
i=1
N‘I

Jo =2 nd, (Ve x o) /i ()

i=1

where ¢>; (i =1, N,) are the single-particle wave functions of
the N, occupied states for the different particles g = n, p, A.

The occupation probabilities nfl (for nucleons only) are
calculated by taking into account pairing interactions within a
BCS approximation. The pairing interaction is taken to be a
density-dependent delta force [32],

[1 _pn(r)
Lo

Vy(ri,r) =V, }501 —r), )
where py(r) is the nucleonic HF density at r = (r; +
r2)/2 and py = 0.16 fm~>. As pairing strength we use V, =

—410MeVfm® for both neutrons and protons of light nu-
clei [33] and V;, = —1146 MeVfm®, V; = —999 MeVfm® for
medium-mass and heavy nuclei. A smooth energy cutoff is
employed in the BCS calculations [34]. In the case of an
odd number of nucleons, the orbit occupied by the unpaired
nucleon is blocked in the BCS calculations, as described in
Ref. [26].

For the nucleonic energy density functional ey we use
the standard Skyrme forces SIII, SkI4, or SGII, whereas the
energy-density functional due to the presence of hyperons, €, ,
is written as [17],

TA
EN = 2 +8NA(10115 /Op’ IOA)
mu
5/3
hn—C
+( _ma —1> ACn )
mA(pnspp910A) 2’mA

with C = (3/5)(372)?/3 ~ 5.742 and

B
ena = (oo + pp + pA)Z(pn’ Pps PA)

5/3
C,oA/

ZmA ’

B
- (pn + pp)z(pns Pps O) - (6)

The energy density functional ey, is obtained from a fit to the
binding energy per baryon, B/A(py, pp, pa), of asymmetric
hypermatter, as generated by BHF calculations [19]. The
adequate A effective mass,

-1

; (N

my |, Ualk) = Un©

2
ma kD7 [2m
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is computed from the BHF single-particle potentials U (k)
obtained in the same calculations. In practice we use the
following parametrizations of energy density and A effective
mass in terms of the partial densities p,, p,, pao (oy and pp
given in units of fm =3, ey, in MeV fm™>):

ena ~ —[368 — (1717 + 268 — 9200%) py
+(2932 — 776c + 2483a%)p3 | o oa

+ (449 — 2470py + 5834p% ) pn o), ®)
my 2 2
— ~ 1 —(1.58 +0.12a — 0.12a 4+ 0.54y — 0.14y") pn
my

+ (411 4 2.11a + 2.88a% + 0.35y + 1.17y%)px,
—(4.03 4 7.08 + 5.18a% — 0.93y + 3.27y*)p3;,
©)

where py = p; + 0p, @ = (00 — pp)/pn,and y = pa/pn.
The minimization of the total energy Eq. (1) implies the
SHF Schrodinger equation

1 . i
|:_V . ZmZ(r)V + Vy(r) —iVWy(r) - (V x 0):| ¢,(r)

A (10)
and the gap equation
| e —
= |1- z : (an

Jie =) + (1)
Ay == (fuv) / Prid®ra| k()P Vy(ri, r)| gl )|
k

12)
with the single-particle energies ef], the chemical potentials

Wg (uv)’; = /n’;(l - n’;), and the additional factors f; due

to the smooth energy-dependent pairing cutoff procedure [34].
The extended SHF mean fields in Eq. (10) are given by

de a (m th —Cp)?
ququHF_Fﬂ_F_ _*A M’
0pq pg \my 2mp
Ve = 88NA + d ma TA —C,OZS\/3
Y7 00a T apa \mj 2mp
502>
—(mf—l)- P (13)
m 3 2my

where V(g = n, p) is the nucleonic Skyrme mean field
without hyperons and W, is the nucleonic spin-orbit mean
field, as given in Refs. [24,31]. At the present level of
approximation we do not include a spin-orbit force for A,
which is justified by the experimental observation of very
small spin-orbit splittings [35]. The total nucleon mean field
is thus modified due to the presence of hyperons, causing a
rearrangement of the nucleonic core of a hypernucleus.

Axial symmetry is assumed for the SHF deformed poten-
tials and the Schrodinger equation is solved in cylindrical
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FIG. 1. (Color online) Self-consistent DSHF calculations of ®Be,
iBe, and X)ABe with different interactions SIII, Ski4, and SGII.
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FIG. 2. Self-consistent DSHF calculations with the SkI4 interac-
tion for (a) "Be and § Be; (b) *Be, } Be, and !’, Be; and (c) °Be and
1% Be. Each single-particle and single-A configuration is assigned by
the quantum number K7 in the deformed potential. The abbreviation

[Iat)

n” stands for the neutron configuration.
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FIG. 3. Same as described in the caption to Fig. 2 but for the SGII
interaction.
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FIG. 4. Self-consistent DSHF calculations with the SkI4 interac-
tion for (a) ®B and % B, (b) °B and 0B, and (c) '°B and '} B. The

abbreviation “p” stands for the proton configuration. See the caption
to Fig. 2 for more details.
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FIG. 5. Self-consistent DSHF calculations with the SkI4 inter-
action for (a) ''C and '2C and (b) '>C and '3 C. See the caption to
Fig. 2 for more details.

III. RESULTS

We calculate the various experimentally studied hypernu-
clei including light, medium, and heavy systems by performing
the DSHF+BCS and extended DSHF+BCS -calculations
with the microscopic AN force. In order to obtain realistic
deformation minima for C isotopes and C hypernuclei, we
reduce the spin-orbit interactions of the SkI4 and SGII forces
to 60% of the original strength as in Ref. [27], while the original
strength is used in all other HF and extended HF calculations
of nuclei and hypernuclei, respectively. Several hypernuclei
turn out to be spherical or nearly spherical in the present
DSHF model, while some p-shell and sd-shell hypernuclei
show deformed minima in the calculated energy surfaces. We
will discuss in the following the effect of deformations on
hypernuclei.

The nucleus ®Be is known to be strongly deformed due to
its double-« structure. In order to study the interaction depen-
dence of the results, we display in Fig. 1 the energy surfaces
for ®Be and the hypernuclei  Be and !, Be, obtained with
the three different Skyrme forces SIII, SkI4, and SGII. These
interactions are commonly used in mean-field calculations and
also random phase approximations for excited states. While the
total energies predicted by the different forces vary by about
8 MeV in Fig. 1, the A binding energy,

A=E*'2) - E(12), (15)
and the A A bond energy,
A1 A-2 A
ABan =2E(" ,Z)—-E(" "Z)-E(,,Z2). (16)
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FIG. 6. Self-consistent DSHF calculations with the SkI4 interac-
tion for (a) ’Si and % Si and (b) *°V and >\ V. See the captions to
Figs. 2 and 4 for more details.

are nearly the same with the three forces, namely
we obtain By = 7.16,6.96,7.06 MeV and ABxp =
—0.29, —0.12, —0.24 MeV with the SIII, Skl4, and SGII
force, respectively, compared with the experimental values
of By =6.71 £0.04 MeV [3] or 5.99 4+ 0.07 MeV [5], and
ABan =43 +£0.4MeV [6] or —4.9 £ 0.7 MeV [7].

The relativistic mean-field model of Ref. [11] predicts
ABpp ~ 0.3 MeV for this nucleus. Although there are two
experimental reports about the double-A hypernucleus !’, Be,
more experimental events are desperately needed to confirm
the data with better statistics, as discussed in Ref. [8]. In fact
a recent measurement of § ,He shows a weakly attractive
ABppn ~ +1MeV for this nucleus [9]. We remark that the
slightly repulsive bond energy is obtained because of no
A A interaction in our model, because the underlying NSC89
potential [28] does not provide it. Results obtained with
the NSC97 potentials including hyperon-hyperon interactions
yield similarly small numbers, however [18,36].

The predicted deformations are very similar for the three
interactions, namely B, = 0.63,0.63,0.65 for 8Be, B =
0.57,0.59, 0.59 for %Be, and B, = 0.52, 0.55, 0.55 for }\OABe,
respectively. The calculations with the three interactions sug-
gest that the core nucleus ®Be and the  Be, 1, Be hypernuclei
have similar deformation parameters with the same sign, which
agree with the results of Ref. [2]. These results also justify
the assumption of the same deformations in the core and the
hypernuclei made in the Nilsson model potential [21]. For
comparison, we perform also spherical HF calculations for
the same nuclei disregarding the deformation. The predicted
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FIG. 7. Deformation parameters (upper panel) and binding ener-
gies of the last A (lower panel) for multi-A hypernuclei with a $Be
core using the Skl4 interaction.

A binding energies of the spherical hypernucleus become
By =7.53,7.47,7.50 MeV. Although the deformations lower
the binding energies of both the core and hypernuclei, the
differences of the two binding energies are smaller by about
0.5 MeV for the results of DSHEF, because the deformations of
hypernuclei are slightly smaller than of their core nuclei in the
case of Be isotopes.

Figures 2-6 show the binding energy surfaces for the
core nuclei 7%Be, 8%19B, 1L.12C, 27Si and OV and the
corresponding hypernuclei with the SkI4 and SGII forces.
Comparing Figs. 2 and 3 it is seen that the two interactions
give almost equivalent results apart from a global shift of the
energies. One notes in these figures that the ground state of "Be

has the quantum number K™ = n% , whereas K™ = n% for
°Be. All the core nuclei ’-*“Be have large prolate deformations,
especially ®Be as we discussed above. The corresponding
hypernuclei have similar shapes for the ground states. We
can see the same phenomena in Fig. 4: the ground states of
8.9.10B and the corresponding hypernuclei are prolate with little
difference of the deformation parameter .

We notice in Fig. 5 that the shapes of the ground states of
12 show oblate deformations, being different from those
of 739Be and ®1°B, and the corresponding hypernuclei have
also similar oblate deformations. Our calculations predict that
the ground states of “Be and '°B are prolate, while ''C is
oblate. These results are consistent with the experimental data
of the Q-moments of these nuclei [22]. It was pointed out in
Ref. [21] that the deformation plays a very important role for
the nonmesonic decay of light hypernuclei. The behavior of the
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FIG. 8. Same as described in the caption to Fig. 7 but for a **V
core.

nonmesonic decay rates for the two hypernuclei % Be and !2C,
whose core nuclei are known to be largely deformed, deviates
in opposite directions from the prediction of the spherical limit
due to the different shapes. Figure 6 indicates that the ground

state of 27Si is oblate with K™ = n5+

with pi Qn 7 . The corresponding hypernuclei have similar
deformations with the same sign as the core nuclei.

Tables I and II contain the numerical values of the
deformation parameters ,35’1), binding energies £ and B, and
rms radii r, for the core and hypernuclei in Figs. 2—-6. The
results of some medium and heavy core and hypernuclei are
also tabulated. We find in general that the calculated A binding
energies agree with the experimental values within about 10%
of accuracy. The calculated results of heavy hypernuclei show
systematic underbinding compared with the experimental data.
The hyperon observables hardly depend on the nuclear Skyrme
force chosen for the calculation, but the deformation reduces
the A binding energy by a few percentages compared to the
nondeformed results (B, values given in brackets) in some
light nuclei.

The deformations of the single-A hypernuclei are always
smaller than those of the corresponding core nuclei. To study
this aspect in more detail, we display in Figs. 7 and 8

the deformations of hypothetical multihypernuclei " Be and

”Jf?\ V and the binding energies of the last A hyperon up to their

A driplines. The formation of E hyperons is not considered in
these calculations. In the case of the 8Be core, the deformation
of the Ny = 1,2 hypernucleus is always smaller than that
of the core nucleus, as also shown in Tables I and II. It is
interesting to notice that the deformation difference between

whereas >V is prolate
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TABLE 1. Deformations, energies (in MeV), and radii (in fm) of different (hyper-)nuclei obtained with the Skyrme interaction Skl4. The
B values in brackets are the results of the spherical HF calculations without deformations. Experimental data for B, are from Refs. [3—5].

Q)
B’

@)
By

(A)
> —E

K B2 By Ba(exp.) rp T'n LN
"Be ni” 052 053 0.0 40.36 249 224
ni” —-0.15  —0.13  —0.18 39.54 240 215
§Be nlm @A’ 046 049 047 023 4679  6.43 244 222 220
ni @AL" —-0.17  —0.16 —020 —0.09 4622  6.68(6.73) 6.84+005[3] 237 215 226
*Be 0* 0.63  0.63  0.63 52.76 247 246
Be 0t @ALT 059 062 062 034 5972 696(747) 6.71+004[3], 245 245 230
5.99 +0.07 [5]
A9Be 0" ® AO* 055  0.60  0.60 031  66.56 241 243 231
’Be ni” 046 053 041 59.48 237 249
ni” —0.16 —0.16 —0.16 58.32 226 240
"Be nd ®AL" 043 052 040 025 6734 786 236 248 227
ni” ®@AL" —0.13 =013 —0.14 —0.07 6643  8.11(8.16) 9.11+022[3] 225 239 220
‘B p; ®@ni 033 030 039 42.34 258 218
py ®n3 —-020 -0.19 -0.22 41.63 255 215
B pienl @Al 030 029 036 016 5011  7.77 252 217 217
pii@ni ®ALT —017 —017 —020 —0.09 4946  7.83(7.90) 829+0.18[3] 250 2.3 2.15
’B pi” 046 041  0.53 57.54 251 237
pi —-0.16 —0.16 —0.16 56.36 242 226
B pi @Al 044 040 052 025 6578 824 248 236 224
pi ®AL” —0.13  —0.14 —0.13 —0.07 6489  8.53(8.56) 889+£0.12[3], 239 225 2.17
8.140.1[5]
1B p3 ®n3 030 030 030 69.18 240 238
ps ®ns —-020 -0.20 —0.20 68.49 237 236
UB  pieni e@Al” 028 030 029 016 7820  9.02 238 238 222
pir@ndi @Al" —018 018 —0.18 -0.10 77.59  9.109.17) 1024+£0.05[3] 235 235 220
e ni” —-030 —030 —0.31 72.56 2.57 245
ni” 026 023 030 71.86 254 242
2c ni” ®@AL" —-029 -029 -030 —0.17 8236  9.80 254 244 226
nd ®@AL" 024 022 028 0.4 8177  991(10.06) 1076 £0.19[3] 251 241 224
2c 0* 031  —031 -031 87.55 254 252
3c 0t @A —-029 —030 —030 —0.17 9774 10.19(10.52) 11.69+£0.12[3], 2.51 251 2.29
11.38 4 0.05 [5]
7Si ni? —-023  —023 -0.23 226.43 303 296
3" —-028 —028 —0.28 226.10 3.04 296
3’ 0.18 017  0.20 225.78 3.00 294
2Si niTe A’ —0.24  —024 —0.24 —0.15 242.10 15.67 3.03 296  2.54
n3T®AL" —024 —024 —024 —025 24172 15.62 303 297 254
n3t ALt 0.19 0.8 021 012 24151 1572(15.80) 16.6+02[4,5] 3.00 294 254
oy Py ®ni 0.16 0.6  0.15 445.14 351 3.58
py ®n3 012 012 0.2 444.90 354 3.58
p3 ®nj 025 024 025 443.85 354 3.63
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TABLE 1. (Continued.)

K™ B2 3 \ o —E By B (exp.) rp T A
S5V piienl @AlT 017 016 011 015 46347 1833(18.35) 1997+0.13[5] 350 358 291
pirenl @Al" 012 012 012 011 46323 18.33 349 358 291
pienl ®@Al" 023 023 024 015  462.10 1825 353 3.62 292
8y pi @nd’ 0 0 0 774.22 413 425
®Y  plienlTeal” o 0 0 0 794.95  20.73 220+05[4], 413 425 334
23.1£0.5[5]
207pp ni” 0 0 0 1644.7 542 559
208 Pb ni ®@AL" 0 0 0 0 1667.2  22.41 265+05[4], 541 559 421
26.3 + 0.8 [5]
the core and the corresponding hypernuclei is large in the The general trend of hypernuclei of *°V is quite different.

cases of Ny = 1 and 2, whereas the two deformations are very The deformations of the hypernuclei are larger than those of the
similar in the cases of Ny = 3 and 4, close to the A drip line. core, especially at the middle of the shells specified by Ny = 8
At the same time, the A separation energy is large in the cases and 20. In particular, we observe a pronounced variation of
of Ny =1 and 2, whereas it is almost zero for the Ny = 3,4  the A and core deformations and the A binding energies
hypernuclei. as a function of N,. This evolution of the deformations

TABLE II. Same as Table I with the Skyrme interaction SGII.

K™ B2 ;p) én) ﬂéA) —E Ba B (exp.) rp T'n r'A
"Be ny” 047 047 046 44.0 242 224
ni” —-0.16 —0.13  —0.19 43.56 233 215
§Be ni ®@AL" 034 036 038 017  50.68 6.68 233 221 215
nd @AL" —-0.15 —0.14 —0.19 —0.08  50.43 6.87 6.84+005[3] 228 216 212
*Be 0t 0.64 064  0.64 55.81 248 247
2Be 0t ®AL" 059 062 061 033 6287 7.06 6.71+£0.04[3], 243 245 229
5.99 4 0.07 [5]
A4Be 0" ® AO* 055 060  0.60 032  69.69 239 244 230
’Be ni” 046 053 041 63.35 239 245
ni” —-0.15  —0.14 —0.15 62.69 227 235
" Be nd"@AL" 038 045 036 021 7126 7.91 234 242 224
nim@Al" —-0.13  —0.13 —0.14 —0.07  70.81 8.12 9.11+022[3] 225 239 220
‘B p3 ®n3 034 032 039 47.40 247 220
py ®n3 —-0.19  —0.18 —0.21 46.86 243 2116
B plieanl ®@Al™ 031 030 037 017 5562 8.22 240 220 212
pi ®ni ®@AL" -017 -017 -020 —0.09 55.14 8.28 829+£0.18[3] 236 216 2.10
’B p3 046 041 053 61.32 248 238
Py —-0.15  —0.15 —0.14 60.63 238 226
B pi@AL” 036 034 041 019 6975 8.43 240 233 218
pi @AL" —-0.14  —0.15 —0.14 —0.08  69.35 8.72 8.89+0.12[3], 234 227 215
8.140.1[5]
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TABLE II. (Continued.)
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K" 2 . A By Ba(exp) oo
1B p3 ®n3 030 030 030 72.83 239 237
ps ®n3 —-0.17  —0.17 —0.17 72.31 236 234
NB pieni ®@AlT 029 030 030 016  81.87 9.04 237 238 221
pl endi ®@ALlT —018 -0.18 —0.18 —0.10 8145 9.14  1024+005[3] 234 235 220
e ni —0.31  —030 —0.31 77.07 255 245
nd 026 023 030 76.53 251 242
2c nlm@Al" —0.29 —029 —030 -0.17  86.95 9.88 251 245 225
ni"@AL" 021 018 025 011  86.54 1001 1076 £0.19[3] 246 241 222
2c 0" -031  —031 —0.31 91.48 254 2.52
3c 0t @ALT —0.29 —030 -030 —0.17  101.70 1022 1L69£0.12[3], 251 251 229
11.38 = 0.05 [5]
7si ni” —0.27 —028 —0.27 230.19 3.07 299
3’ —0.28 —0.28 —0.27 229.96 3.07 299
3’ 0.18 017 020 229.26 3.02 295
2 Si nit @Al —0.24  —0.24 —0.24 —0.15 24577 15.58 3.03 297 254
ndt@AL" —028 029 —028 —0.18  245.48 15.52 3.06  3.00 2.56
n3 @ AL 019 018 021 012 2450 15.74 166+02[45] 300 295 2.54
oy Py ®ni 015 015  0.14 450.26 354 357
Py ®nj 0.10 0.9  0.10 450.08 353 3.56
Py ®ni 024 024 024 44931 358 3.63
SV opienl ®@AlT 015 015 015 010 468.51 1825 1997+£0.13([5] 353 357 292
pire@nl ®@ALl" 010 010 010 007 46834 18.26 352 356 292
pienl @AlT 024 024 024 016  467.50 18.19 356 3.61 293
sy pi ®@nd’ 0 0 0 781.83 417 423
®Y  pliend eal” o0 0 0 0 802.12  20.29 220+£05[4], 417 423 334
23.1+0.5[5]
207p ni” 1655.2 545 5.8
208 Pb nl" @Al 0 1677.6 22.39 265+05[4], 545 558 422
26.3 £ 0.8 [5]

is determined by the competition between the deformation-
driving particle-vibration coupling and the pairing correlations
restoring the spherical symmetry of the nuclear system.
Therefore the shell structure of nuclei gives rise to a variety of
different shapes, i.e., prolate, oblate, and triaxial, depending
on the position of the Fermi energy between two closed shells.
In the hyperon case, because of no pairing, the deformations
are only determined by the particle-vibration coupling, and
become very large between two closed shells.

IV. SUMMARY

In summary, we studied deformations of core and hy-
pernuclei in a broad region of the mass table by using an

extended DSHF formalism. To this purpose we introduced
the microscopic AN interaction of Refs. [17,18] extended
to isospin-asymmetric matter, together with nuclear pairing
correlations and three different nucleonic Skyrme forces which
have been tested for deformed pf-shell and d-shell core
nuclei.

We found that the calculated large prolate deformations of
the p-shell nuclei °Be and 'B are confirmed by the experi-
mental data of Q moments, while the large oblate deformation
of ''C are found both in the experiment and the calculations.
The calculated core nuclei and the corresponding hypernuclei
have similar deformations with the same sign, which agree
with the calculations of the a-cluster model in Ref. [2]. The
obtained A binding energies B, confront satisfactorily with
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experimental values, which leaves little room for additional
contributions to our effective AN interaction due to hyperonic
three-body forces or finite-size corrections. A proper treatment
of deformations is important in the future study of hypernuclei
not only regarding the binding energies of hypernuclei B, and
B, but also other properties like the fine structure and the
nonmesonic decays of hypernuclei.

PHYSICAL REVIEW C 76, 034312 (2007)
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