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Low-lying states ofA56 hypernuclear doublets (L
6 He andL

6 Li ! andA57 triplets (L
7 He, L

7 Li, and L
7 Be! are

studied with an accurate three-body model calculation in which all the rearrangement Jacobian coordina
equally taken into account. Since most of the hypernuclear states concerned are weakly bound states,
placed on the binding energies with respect to the particle breakup thresholds and on the density distrib
in the surface and exterior regions. With thea1L1N model, the observed binding energies of the groun
states ofL

6 He and L
6 Li are well reproduced.L

6 He is found to have a three-layer structure of the matt
distribution: thea nuclear core, aL skin, and a neutron halo. TheA57 hypernuclei are shown to be well
described with theL

5 He1 N1N model. Using a realisticNN interaction, the correlation between the valenc
nucleons is fully taken into account; this is essentially important to make theproton-rich three-body system

L
7 Be 5 L

5 He 1 p1p bound although none of the two-body subsystems is bound. The observed bin
energies ofL

7 Li and L
7 Be are well reproduced, and energies are predicted forL

7 He whose core nucleus is a
neutron halo nucleus,6He. We discuss the validity of the assumption of frozen deuterons adopted in
previousa1d1L models for theT50 states ofL

7 Li.

PACS number~s!: 21.80.1a, 21.10.Dr, 21.10.Gv, 21.45.1v
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I. INTRODUCTION

One of the purposes of hypernuclear physics is to st
the new dynamical features induced by theL particle. In
light p-shell hypernuclei, the remarkable role of theL par-
ticle has been pointed out in Refs.@1,2#: that theL partici-
pation gives rise to more bound states and the apprec
contraction of the system~this stabilization is called the
‘‘gluelike’’ role of the L). This feature of light hypernucle
has been studied mostly in systems composed of a s
nucleus and aL particle. Recently, in light nuclei near th
neutron drip line, interesting phenomena concerning the n
tron halo have been observed@3#. If a L particle is added to
such a halo nucleus, a very weakly bound system, the re
ant hypernucleus will become substantially stable agains
neutron decay. Thanks to the gluelike role of theL particle,
there is a new chance to produce a hypernuclear neu
~proton! halo state if the core nucleus has a weakly unbo
~resonant! state with an appropriate energy above the part
decay threshold.

In this way, hypernuclei have the interesting possibility
extending the neutron~proton! drip line from that obtained in
ordinary nuclei. A typical example isL

6 He. Though the core
nucleus 5He is unbound by 0.89 MeV above thea1n
breakup threshold, the ground state ofL

6 He becomes barely
bound by 0.17 MeV below theL

5 He 1 n threshold. The
observedL binding energy of 4.18 MeV@4# is mostly ex-
536/53~5!/2075~11!/$10.00
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hausted to bind thea1L subsystem@B L
expt( L

5 He! 5 3.12
MeV# @5#, and the coupling between the subsystem and
valence neutron is very weak. ThusL

6 He is expected to have
a neutron halo structure around theL

5 He core. This picture of

L
6 He 5 L

5 He 1 n seems to be a dominating structure wh
we characterize the structure of theL

6 He 5 a1L1n sys-
tem. The same pictureL

5 He 1 p is expected to hold for

L
6 Li, the other member of the isospin-doublet hypernuc
with A56. The first aim of this paper is to study the structu
of the L

6 He5a1L1n system with the coupled
rearrangement-channel method@6–8# which has been suc
cessful in describing the halo structure of neutron-rich li
nuclei. As a result, we found that the ground state ofL

6 He
has a three-layer structure of the matter distribution, co
posed of thea core, aL skin, and a neutron halo, which
characterized by a dominant structure ofL

5 He 1 n with
95% probability. This result shows that theL

5 He1 n picture
is very good to describe the low-lying states ofL

6 He. We also
study the structure of theL

6 Li 5a1L1p system. This pic-
ture should be applicable to theA57 hypernuclei by taking
the L

5 He 1 N1N model.
Another typical example isL

7 Be, as for the change of th
~proton! drip line due to the gluelike role of the addedL
particle. While the nucleus6Be is located at 1.37 MeV abov
the a1p1p breakup threshold, the hypernucleusL

7 Be is
bound by 0.67 MeV below theL

5 He 1 p1p threshold@cf.
2075 © 1996 The American Physical Society
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B L
expt( L

7 Be! 5 5.16 MeV@9##. Since theL
5 He1 p subsystem

is unbound by 0.59 MeV@cf. B L
expt( L

6 Li ! 5 4.50 MeV @10##,
the p-p correlation in theL

5 He 1 p1p system plays an
essentially important role in makingL

7 Be bound. It is inter-
esting to note that thisL

7 Be5 L
5 He1 p1p hypernucleus is

considered to be the onlyproton-richBorromean system so
far reported in nuclei and hypernuclei~a three-body system
in which the total system is bound but none of the two-bo
subsystems are bound is called a Borromean@11#!. The sec-
ond purpose of the present paper is then to investigate
mechanism of binding of the proton-rich hypernucle

L
7 Be. We shall make theL

5 He1 p1p three-body calculation
with sufficient accuracy. We treat fully the correlations b
tween the valence protons using a realisticNN interaction
~Bonn A @12#! since the protons are considered to be mos
located outside theL

5 He core because of their weak couplin
with L

5 He. As a result, we found that the observed bindi
energy of L

7 Be is satisfactorily reproduced by the mode
Therefore, since binding energies of the remaining memb
of the isospin-triplet hypernuclei withA57, L

7 He and L
7 Li

(T51), have not been observed yet, it is of particular int
est to apply the sameL

5 He1 N1N model to the hypernucle
and predict their binding energies.

6He is known to be a typical neutron halo nucleus in t
light p-shell region@13#; the two-neutron separation energ
is only 0.975 MeV. This nucleus is well described by a
a1n1n three-body model@8,11,14–16#. Though thea1n
system is unbound, then-n correlation of the valence neu
trons makes the three-body system stable against neu
emission. TheL participation in the bound state of such
halo nucleus should result in a more stable ground state
the hypernucleus. The shell-model calculations ofL

7 He
@17,18# indicate that the ground state (1/21) and the excited
doublet states (3/21,5/21) are located below theL

5 He 1
n1n threshold if the calculated energy of the ground state
6He is adjusted to the observed energy with respect to
a1n1n threshold. However, in order to investigate th
binding energies rigorously, it is desirable to employ a the
retical framework which takes into account the neutr
breakup thresholds explicitly and is suitable for describi
weakly bound states. The presentL

5 He 1 n1n model for

L
7 He and thea1n1n one for 6He are quite useful for this
purpose. We shall predict the binding energy of thisneutron-
rich hypernucleusL

7 He and discuss the spatial extension
the valence neutrons in these states.

TheT51,01 state of the6Li nucleus atEx 5 3.56 MeV,
which is located at only 0.14 MeV below thea1n1p
threshold, has been noted to have a proton halo@19#. The
addition of aL particle to the6Li nucleus will stabilize this
T51 state, while it makes the next excitedT51 state with
21 atEx 5 5.37 MeV come down to the energy region of
proton~neutron! halo candidate inL

7 Li. This mechanism will
be investigated with theL

5 He 1 n1p model, too.
It is well known that calculation of theL spin-doublet

states inL
7 Li is very useful to get information on the spin

spin term of theLN interaction. The calculated energy spli
ting depends on both the model and the effectiveLN inter-
action employed. The energy splitting of the ground-st
spin doublet 1/21-3/21 has been predicted as 0.44–0.7
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MeV by shell-model calculations@17,18# in which the model
space is restricted to the (0s)4(0p)20sL configuration only.
a1d1L cluster-model calculations@1,20# predicted the en-
ergy as 1.1–1.33 MeV. We are now ready to improve t
latter model by removing the frozen deuteron assumpti
since the probability of the deuteron clusterization is on
65% in the ground state of the6Li nucleus ~cf. Sec. IV B!
and further distortion of the deuteron is expected inL

7 Li due
to the gluelike role of theL particle. It is noted that the
assumption of the frozen deuteron possibly gives rise to
overestimation of the spin-spin interaction between theL
particle and then-p pair. Since high-resolution experiment
are expected in the near future for the energy splitting of
spin-doublet states, it is highly desirable to perform le
model-dependent calculations of these states. We cons
that a better approach to the low-lyingT50 states ofL

7 Li is
to adopt theL

5 He 1 n1p model so as to take the fulln-p
correlation into account. Taking this framework without a
suming a deuteron cluster, it is possible to investigate b
theT50 andT51 states ofL

7 Li on an equal footing.
In order to study these loosely coupling states mention

above, it is very useful to take all three kinds of the Jacob
coordinates explicitly and employ the corresponding thre
body Gaussian basis functions@6–8#. The method to calcu-
late the three-body matrix elements of the complicated int
actions such as realisticNN interactions~Bonn A, etc.! has
been developed by the two of the present authors~E.H. and
M.K.! @8#. These methods are used throughout the pres
work.

In Sec. II, the structure of the isospin-doublet hypernuc

L
6 He andL

6 Li is investigated with thea1L1N three-body
model. On the basis of the very weak coupling between

L
5 He cluster and the valence nucleon, we propose theL

5 He
1 N1N picture for theA57 L hypernuclei. In Sec. III, this
model is formulated and applied to the isospin-triplet leve
of L

7 He, L
7 Li, and L

7 Be. Section IV is devoted to the study o
the low-lyingT50 states ofL

7 Li with the same model. Em-
phasis is placed on the splitting of theL spin-doublet states
and the degree of the deuteron clusterization in the prese
of the gluelike role of theL particle. A summary is given in
Sec. V.

II. L
6 He AND L

6 Li

A. Model

We assume that the hypernucleiL
6 He and L

6 Li are com-
posed of ana cluster, a valence nucleon (N), and aL par-
ticle ~Fig. 1!. The core nucleusa is considered to be an iner
core and to have the (0s)4 configuration,F(a). The Pauli
principle between the valence nucleon and the core nucle
is taken into account by the orthogonality condition mod
~OCM! @21#, as the valence nucleon’s wave function shou
be orthogonal to that of the core nucleon. Thus we solve
a1L1N three-body problem with the total Hamiltonia
given by

H5T1VaN~r1!1VaL~r2!1VLN~r3!1VPauli. ~2.1!

Here,T is the kinetic-energy operator andVab is the inter-
action between the constituent particlesa andb. The OCM
projection operatorVPauli is represented by
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VPauli5 lim
l→`

luf0s~rNa!&^f0s~rNa8 !u ~N5n or p!,

~2.2!

which excludes the amplitude of the Pauli forbidden st
f0s(r ) from the three-body total wave function@22#. The
Gaussian size parameterb in f0s is taken to beb 5 1.358
fm as in the literature@1#. In actual calculations, the streng
l for VPauli is taken to be 10

6 MeV, which is large enough to
push up the unphysical forbidden states in the very-h
energy region while keeping the physical states unchan
The usefulness of this Pauli operator method of the OCM
been verified in many cluster-model calculations of light n
clei @8,15,16#.

In order to solve accurately the three-body problem,
employ the coupled-rearrangement-channel Gaussian
variational method which was developed by two of t
present authors~E.H. and M.K.! and their collaborators
@6–8#. The total wave function of theA56 hypernucleus

L
6 Z is described as a sum of the amplitudes of the th
rearrangement channels~Fig. 1! in theLS coupling scheme

CJM~ L
6Z!5 (

c51

3

(
I ,S

F~a!†f I
~c!~r c ,Rc!

3@x1/2~L!x1/2~N!#S‡JM , ~2.3!

wheref I
(c) is the spatial-coordinate amplitude with angu

momentumI and thex ’s are the spin wave functions couple
to spin S. We then expand eachf I(r ,R) in terms of
Jacobian-coordinate Gaussian basis functions@6,7# which are
known to be suited for describing both short-range corr
tions and long-range tail behavior:

f IM ~r ,R!5(
l ,L

(
n51

nmax

(
N51

Nmax

CnlNL
~ I ! r lRLe2~r /r n!2e2~R/RN!2

3@Yl~ r̂ ! ^YL~R̂!# IM . ~2.4!

Here, the Gaussian range parameters are taken to be of
metrical progression,

r n5rmina
n21 ~n51;nmax!,

~2.5!

RN5Rmina
N21 ~N51;Nmax!.

FIG. 1. Jacobian coordinates of the three rearrangement c
nels adopted for thea1L1N model of L

6 He andL
6 Li.
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This prescription has been found to be very useful in op
mizing the ranges with a small number of free paramete
together with high accuracy@6–8#.

The eigenenergies of the Hamiltonian and the wave fun
tion coefficientsC are determined by the Rayleigh-Litz
variational method. In the procedure of optimizing the p
rameters of the basis functions, it is very useful to pay atte
tion to the following point: Since the ground states ofL

6 He
and L

6 Li are located very close to theL
5 He 1 N breakup

threshold, the states are composed dominantly of the loos
coupled L

5 He 1 N system, especially in the asymptotic re
gion. It is then effective to employ the configurations of th
channelc51 as the most important ones to describe th
wave functions of such states. In this sense, the present
proach is more suitable for those systems than the previ
work @1,20# where only the basis functions of the chann
c52 were taken into account. The optimized parameters
listed in Table I~cf. the discussions in Secs. II B and II C fo
the dominant role of the channelc51).

As for theLN interactionVLN , we employ a one-range
Gaussian~ORG! interaction@1,20#; it is given by the follow-
ing form with no exchange term:

VLN5VLN
0 ~11hsL•sN!e2~r /b!2 ~2.6!

with VLN
0 5238.19 MeV,b51.034 fm, andh520.1. The

rangeb is chosen to be equivalent to the two-pion exchan
Yukawa, and the potential strengthVLN

0 was determined so
as to reproduce the experimentalL binding energy inL

5 He
(BL 5 3.12 MeV! @5#. The strengthh of the spin-spin term
was taken to reproduce the splitting of the 01 and 11 states
of L

4 H ( L
4 He! within the 3H 1 L (3He1 L) cluster model

@5#. TheaL interactionVaL is obtained by foldingVLN into
the nucleon density of thea particle with the spin-spin term
vanishing.

Careful attention should be paid to theaN interaction
since theL binding energy is measured from the energ
EaN of the lowest resonant state of thea1N system above
the a1N breakup threshold. In the calculation forL

6 He in
Ref. @1#, the authors obtainedEan51.13 MeV within the
bound-state approximation. We found, however, that an
curateaN scattering calculation leads toEan50.59 MeV.
The error of 0.54 MeV has a direct effect on the value
BL( L

6 He! which is measured fromEaN . Furthermore, this
aN interaction used in Ref.@1# does not satisfactorily repro-

han-

TABLE I. The angular-momentum model space of the thre
body basis functions and the Gaussian range parameters empl
for the ground state ofL

6 He. Lengths are given in units of fm. The
ci distinguishes the channels of Jacobian coordinates shown by
1.

c l L I S nmax rmin rmax Nmax Rmin Rmax

c1 0 1 1 0 10 0.2 10.0 10 0.5 15.0
c1 0 1 1 1 10 0.2 10.0 10 0.5 15.0
c2 1 0 1 0 15 0.5 20.0 10 0.5 10.0
c2 1 0 1 1 15 0.5 20.0 10 0.5 10.0
c3 0 1 1 0 8 0.2 10.0 8 0.5 12.0
c3 0 1 1 1 8 0.2 10.0 8 0.5 12.0
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duce the low-energyaN scattering data. In the following
calculation, therefore, we employ theaN interaction of
Kanadaet al. @23# proposed on the basis of a microscop
a1N model calculation. This interaction reproduces pr
cisely theaN phase shifts of the 3/22, 1/22, and 1/21 par-
tial waves at low energies; it is composed of parity
dependent central and spin-orbit parts. Thean and ap
interactions are the same except for the Coulomb term wh
is constructed by folding thepp Coulomb potential into the
proton density of thea particle.

B. Results

The calculated energies ofL
6 He andL

6 Li are summarized
in Table II. The observedL binding energies are well repro-
duced. Since the 12 ground state ofL

6 He is bound only by
0.17 MeV with respect to theL

5 He1 n threshold, the chan-
nel c51 is essentially important to describe the weak
bound neutron. In fact, the energy calculated with the ba
functions of the channelc51 alone almost reproduces th
experimental value within a small angular-momentum spa
of l ,L<1, whereas use of the channelc52 alone does not
give any bound state even ifl andL are both extended to 2.

The binding energy of the valence neutron inL
6 He is

weak enough to show a halo structure. In order to demo
strate it, we introduce the monopole density of the valen
neutron,rn(r 2), as a function of the relative distancer 2 from
the a particle ~cf. Fig. 1!, which is obtained by integrating
over the other Jacobian coordinateR2 and the angular part of
r2:

rn~r 2!5E uC~ L
6 He!u2dR2dr̂2 /4p. ~2.7!

Let us define the rms distance of the valence neutron fr
thea particle, r̄ a2n , by

r̄ a2n5F4pE r 2
2rn~r 2!r 2

2dr2G1/2. ~2.8!

TABLE II. Calculated energies of the low-lying states ofL
6 He

and L
6 Li together with those of the corresponding states of5He and

5Li. The energiesE are measured from thea1N threshold for the
A55 nuclei and from thea1L1N threshold forA56 hypernu-
clei. The energies in parentheses are measured from theL

5 He 1
N threshold. The rms distancesr̄ a–N , r̄ a–L, and r̄L–N are also
listed for the bound state.

5He L
6 He 5Li L

6 Li
J 3/22 12 22 3/22 12 22

E ~MeV! 0.89 –3.37 –3.01 1.97 –2.54 – 2.15
~–0.25! ~0.11! ~0.58! ~0.97!

Eexpt ~MeV! 0.89 –3.29 1.97 –2.53
~–0.17! ~0.59!

BL ~MeV! 4.26 3.94 4.51 4.09
BL
expt ~MeV! 4.18 4.50

r̄ a–n ~fm! 5.22
r̄ a–L ~fm! 2.57
r̄ L–n ~fm! 5.54
ic
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Similarly, we give the densityrL(r 1) and the rms distances
r̄ a2L and r̄L2n .
The calculated densitiesrn andrL of L

6 He are illustrated
in Fig. 2 together with the density of a single nucleon in th
a core. In the same figure we also insert the density of th
valence halo neutron in6He as a function of the distance
between the neutron and thea particle. It is remarkable to
find a clear halo of the valence neutron densityrn(r 2) in

L
6 He at the tail region. The extension of the neutron densi
in L

6 He, namely, the neutron halo, is more evident than th
in 6He. To confirm the neutron halo structure, we list the rm
distancesr̄ a2n , r̄ a2L , andr̄L2n in Table II. It is interesting
to note that the size of the valence neutron’s distributio
~5.22 fm! in L

6 He is larger than that in the6He nucleus~4.5
fm! @8,15#, which is a typical neutron halo nucleus. The den
sity of theL particle is shorter ranged than that of the va
lence neutron, but is extended significantly away from th
a core. We call it theL skin. We can say that there arethree
layers of matter distribution in the hypernucleusL

6 He,
namely, thea core, aL skin, and a neutron halo.

C. L
5 He clusterization in L

6 He and L
6 Li

In the hypernucleiL
6 He andL

6 Li, the L particle is bound
to thea particle mostly in the 0sL orbit, while the valence
nucleon is very loosely coupled to thea1L subsystem. As
mentioned above, the role of the channelsc52 and 3 has
been proved to be very small. In fact, in the ground state

L
6 He (12), the probability of finding thea1L subsystem in
its ground state (L

5 He! amounts to 95%. In addition, the cal-
culated rms distance betweena andL in L

6 He is 2.57 fm,
showing that thea1L subsystem does not change greatl
from the free L

5 He, which has thea-L distance 2.79 fm.
Therefore it is a good approximation to consider thatL

6 He
( L
6 Li ! is composed of aL

5 He cluster and a loosely coupled
neutron~proton!. On the contrary, it does not work satisfac
torily to approximate theA56 L hypernucleus to be a di-
cluster system with a5He (5Li ! nucleus and aL particle.
The present investigation of theL

6 He (L
6 Li ! structure pro-

FIG. 2. Density distribution of the valence neutron,rn , in the
ground state ofL

6 He together with those of theL particle,rL , and
a single nucleon in thea core. The radiusr is measured from the
c.m. of thea core.
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vides us with a useful model to describe theA57 L hyper-
nucleus as a three-body system consisting of theL

5 He core
and two valence nucleons in spite of the four uni
(a1L1N1N). Therefore theN-N correlation in the

L
5 He-cluster field will play an important role in determining
the structure of theA57 hypernuclei. This will be studied in
the following sections.

III. L
7 He , L

7 Li „T51…, AND L
7 Be

On the basis of the study ofL
6 He andL

6 Li in the previous
section, here we employ theL

5 He 1 N1N model for the
A57 hypernuclei. Before going to the hypernuclei, we in
vestigate theA56 nuclei, 6He, 6Li ( T51), and 6Be, to
which theL particle will be injected. Since theA56 nuclei
are studied with thea1N1N model, we can discuss the
structure ofA56 nuclei andA57 hypernuclei from the
same viewpoint of three-body dynamics.

A. The model for A56 nuclei

We assume thatA56 nuclei are composed of two valenc
nucleons (N1 andN2) and ana inert core~Fig. 3!. The Pauli
principle is taken into account by assuring that the valen
nucleon’s wave function is orthogonal to the core nucle
wave function in the same manner as in thea1L1N model
in Sec. II. The total Hamiltonian is then written as

H5T1VaN1
~r1!1VaN2

~r2!1VN1N2
~r3!1VPauli,

~3.1!

where VaN and VNN include the Coulomb interaction for
N5p. VaN andVPauli are completely the same as in Sec.
for L

6 He and L
6 Li. Since the interaction between thea core

and the valence nucleons is rather weak and the nucleons
moving mostly outside thea core under the Pauli condition
we treat fully the correlation between valence nucleons w
the use of a realisticNN interaction. The Bonn A potential
@12# is adopted for this reason; our previous study of6He @8#
showed that use of other realistic potentials gives rise to v
similar results for the nucleus.

According to the coupled-rearrangement-channel var
tional method@6–8#, the total wave function of theA56
nucleus,CJM(

6Z), is expressed as a sum of the amplitud
of the three rearrangement channelsc51–3 in Fig. 3:

FIG. 3. Jacobian coordinates of the three rearrangement ch
nels of the ‘‘core’’1N1N model. Here, ‘‘core’’ is a for the
A56 nuclei andL

5 He for theA57 hypernuclei.
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CJM~6Z!5 (
c51

3

(
I ,S

F~a!@f I
~c!~r c ,Rc!

3@x1/2~N1!x1/2~N2!#S#JM . ~3.2!

The notations are the same as in Eq.~2.3!. In the case of
6He and6Be,CJM is antisymmetrized for exchange betwee
N1 and N2; hence the following condition should hold:
f I
(1)52f I

(2) for S51, while f I
(1)5f I

(2) for S50. As for
6Li, the valence neutron and proton are treated as differe
particles. The isospin is slightly mixed betweenT50 and 1
due to the Coulomb interaction and then-p mass difference,
but, for simplicity, we refer to theT50 (T51) dominant
states as theT50 (T51) states throughout this paper. Th
spatial amplitudesf I

(c) are expanded in terms of the Gauss
ian basis functions in the same way as Eq.~2.4! and Eq.
~2.5!. The angular-momentum space and the optimiz
Gaussian range parameters employed for theJ501 states of
6He, 6Li ( T51), and 6Be are listed in Table III as an ex-
ample. The results of the calculation will be discussed t
gether with those ofA57 hypernuclei.

B. The model for A57 hypernuclei

By employing theL
5 He1N1N model forA57 hypernu-

clei, the total Hamiltonian is written as

H5T1V
L
5 He-N1

~r1!1V
L
5 He-N2

~r2!1VN1N2
~r3!1VPauli.

~3.3!

For theNN interactionVN1N2
, we employ the same Bonn A

potential as used in theA56 nuclei.V
L
5 He–N is the interac-

tion between theL
5 He cluster and a valence nucleon. Th

total wave function is expressed by

CJM~ L
7Z!5 (

c51

3

(
I ,S

@F1/2~ L
5 He!†f I

~c!~r c ,Rc!

3@x1/2~N1!x1/2~N2!#S‡J0#JM . ~3.4!

HereF1/2( L
5 He) denotes the wave function ofL

5 He with spin
1/2 which couples withJ0 to the total angular-momentum
J5J061/2. The spatial amplitudesF I

(c) are expanded in
terms of the Gaussian basis functions in the same way as
~2.4! and Eq.~2.5!. The angular-momentum space and th
Gaussian range parameters employed for the 1/21 states of

an-

TABLE III. The angular-momentum model space of the three
body basis functions and the Gaussian range parameters emplo
for the J501 states of6He, 6Li ( T51), and 6Be. See also com-
ments for Table I.

c l L I S nmax rmin rmax Nmax Rmin Rmax

c1,2 0 0 0 0 12 0.5 7.0 12 0.5 7.0
c1,2 1 1 0 0 12 0.5 7.0 12 0.5 7.0
c1,2 1 1 1 1 12 0.5 7.0 12 0.5 7.0
c3 0 0 0 0 12 0.1 7.0 12 0.5 7.0
c3 1 1 1 1 12 0.1 7.0 12 0.5 7.0
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L
7 He, L

7 Li ( T51), and L
7 Be are the same as those in Tab

III for the A56 nuclei (T51).
As for the interaction between the valence nucleon a

the L
5 He core,V

L
5 He-N , we employed the following approxi-

mation. In order to take the Pauli operatorVPauli into account
exactly within theL

5 He1N1N model, the center of mass of

L
5 He is assumed to be located at that of thea particle. The
interactionV

L
5 He-N is composed of the sum of theaN part,

VaN , and theLN part, which is given by foldingVLN into
the density ofL in L

5 He.
In addition, we slightly modify the interaction so that th

L
5 He 1 N model can reproduce the observed ground-sta
energy ofL

6 He (L
6 Li ! and the 12 - 22 splitting given by the

full a1L1N model ~the 22 is not observed yet!; we thus
tunedV

L
5 He-N by changingh from 0.1 to 0.2 and multiplying

the total strength ofV
L
5 He-N by a factor of 0.98.

C. Results and discussion

The calculated energy spectra of the low-lying states

L
7 He, L

7 Li ( T51), andL
7 Be are illustrated in Fig. 4 in com-

parison with the calculated spectra of the correspondi
A56 nuclei. The energy positions of resonant states are
termined by examining their stabilization with respect to e
tension of the basis space. The resonant states are well
tinguished from discretized nonresonant continuum states
checking the wave function distribution over the internal an
external regions. It is naturally seen in Fig. 4 that, as t
proton number increases, the low-lying states in theA57
hypernuclei go upward in parallel with theA56 nuclei.

The energy values are summarized in Table IV togeth
with the rms distancesr̄

L
5 He-N , r̄ N1-N2, and r̄ L

5 He-N1N2
which

are defined in the same manner as in Eqs.~2.7! and~2.8!. For
example,

r̄
L
5 He-N1

5F4pE r 1
2rN1~r 1!r 1

2dr1G1/2, ~3.5!

where rN1(r 1) is the nucleon density as a function of th

L
5 He-N1 distancer 1:

rN~r 1!5E uCJM~ L
7Z!u2dR1dr̂1 /4p. ~3.6!

The theoreticalL binding energy (BL 5 5.00 MeV! of

L
7 Be agrees satisfactorily with the observed value~5.16
MeV!. The hypernucleusL

7 Be, which is regarded as a weakly
coupled L

5 He 1 p1p system, is an interesting three-bod
system from the viewpoint that it is totally bound but none o
the two-body subsystems are bound. This type of three-bo
system is called a Borromean@11#, and there are severa
examples in nuclei such as6He 5a1n1n, 9Be 5
2a1n, 11Li 5 9Li 1 2n, and 12C 5 3a in which we see
alwaysN>Z for the neutron and proton numbers. But th
case ofL

7 Be isN,Z; namely, to the authors’ knowledge, i
is considered to be the only case of aproton-richBorromean
so far reported in nuclei and hypernuclei. We found tha
theoretically, the binding of thisL

5 He 1 p1p system is
reproduced by taking fully into account thep-p correlation
le

nd

e
te

of

ng
de-
x-
dis-
by
d
he

er

e

y
f
dy
l

e
t

t,
with a realisticNN interaction and by adopting the basis
functions of all three rearrangement channels.

The agreement of the calculated binding energy ofL
7 Be

with the observed one gives support to the presentL
5 He 1

FIG. 4. Calculated energy spectra of the low-lying states of~a!

L
7 He, ~b! L

7 Li ( T51), and,~c! L
7 Be together with those of the cor-

responding nuclei6He, 6Li ( T51), and6Be.
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N1N model for theA57 hypernuclei. There are no exper
mental data forL

7 He and L
7 Li ( T51). We predict theL

binding energies of those hypernuclei to be 5.44 MeV a
1.59 MeV, respectively. The values will not change sign
cantly even if any otherLN interaction is adopted, as long a
the calculation satisfies the condition that the observed b
ing energy ofL

7 Be is reproduced with that interaction. Ob
servation ofg transitions among the 1/21, 3/21, and 5/21

states inL
7 He would be very useful to further discussion o

the structure of this hypernucleus@26#. This information

TABLE IV. Calculated energies of the low-lying states of~a!

L
7 He, ~b! L

7 Li ( T51), and~c! L
7 Be together with those of the cor

responding nuclei6He, 6Li ( T51), and 6Be, respectively. The
energiesE are measured from thea1N1N threshold for the
A56 nuclei and from thea1L1N1N threshold forA57 hyper-
nuclei. The energies in parentheses are measured from theL

6 He
1N threshold forL

7 He andL
7 Li ( T51) and from L

5 He1p1p for

L
7 Be. The rms distancesr̄ core-N , r̄ N1-N2, andr̄ core-N1N2 are also given
for bound states. Here, ‘‘core’’ denotesa or L

5 He.

~a!
6He L

7 He

J 01 21 1/21 3/21 5/21

E ~MeV! –0.70 0.88 –6.12 –4.43 24.08
~–2.83! ~–1.14! ~–0.78!

Eexpt ~MeV! –0.98 0.83
BL ~MeV! 5.44
BL
expt ~MeV!

r̄ core-n ~fm! 4.55 3.55 3.93 4.05
r̄ core-2n ~fm! 3.79 2.90 3.01 3.11
r̄ n-n ~fm! 4.68 4.11 5.06 5.17

~b!
6Li ( T51! L

7 Li ( T51!

J 01 21 1/21 3/21 5/21

E ~MeV! 0.20 2.11 –5.05 – 3.42 –3.09
~–1.76! ~–0.13! ~0.20!

Eexpt ~MeV! –0.14 1.67
BL ~MeV! 1.59
BL
expt ~MeV!

r̄ core-n ~fm! 3.62 4.05
r̄ core-p ~fm! 3.74 4.57
r̄ core-p ~fm! 3.01 3.29
r̄ n-p ~fm! 4.23 5.59

~c!
6Be L

7 Be

J 01 21 1/21 3/21 5/21

E ~MeV! 1.54 2.93 –3.46 – 2.05 –1.77
~–0.34! ~1.07! ~1.25!

Eexpt ~MeV! 1.37 3.04 – 3.79
~–0.67!

BL ~MeV! 5.00
BL
expt ~MeV! 5.16

r̄ core-p ~fm! 3.95
r̄ core-2p ~fm! 3.23
r̄ p-p ~fm! 4.55
-

nd
fi-
s
nd-
-

n

would also be helpful to the study of the excitation mecha
nism of the halo nucleus6He since theg transition cannot be
observed in the nucleus due to the prompt particle decay
the corresponding excited state (21).

It is particularly interesting to see the gluelike role of the
L particle inT51 hypernuclear systems. Though the ground
state of 6Be is unbound, theL participation leads to a
weakly bound ground state ofL

7 Be. Figure 5 demonstrates
the strong shrinkage of the valence-proton density inL

7 Be
from that in 6Be ~the density of this resonant state is normal-
ized to unity within 25 fm!. The ground state of the nucleus
6He is only weakly bound by 0.69 MeV below thea12n
threshold in the present calculation, while that ofL

7 He be-
comes rather deeply bound by 3.02 MeV below theL

5 He
1 2n threshold. Similar behavior is seen for the lowest-lying
T51 state of6Li and L

7 Li. In general, the two-nucleon sepa-
ration energy becomes larger by 1.6–2.1 MeV due to th
presence of theL particle in theseT51 hypernuclear states.

The present calculation predicts very weakly bound state
with respect to theL

6 He 1 N thresholds: 5/21 in L
7 He,

3/21 in L
7 Li, and 1/21 state inL

7 Be. It is thus interesting to
examine whether or not these states exhibit any halo stru
ture having a long tail of the density distribution of the va-
lence nucleon. Let us start withL

7 He (5/21) listed in Table
IV ~a!. The two-neutron separation energy of this state is 0.7
MeV, which is close to the two-neutron separation energ
~0.975 MeV! of the halo nucleus6He. Nevertheless, the neu-
tron rms distancer̄

L
5 He-n 5 4.05 fm is not as large asr̄ a-n 5

4.55 fm of 6He. This is due to the role of the centrifugal
barrier (L52) between the c.m. of two neutrons andL

5 He in
the 5/21 state, while the6He halo bound state has the
L50 component predominantly.

As seen in Table IV~b!, in theT51, 3/21 state inL
7 Li, the

calculated rms distance of the valence proton from the cor
r̄

L
5 He-p5 4.57 fm, is almost the same asr̄ a-n in the halo

nucleus 6He. Therefore we consider that this state has th
possibility of a halo structure. On the other hand, the neutro
distance in the state is shorter by 0.5 fm than the proton on
This is because theL

5 He1n subsystem has a bound state,
while the L

5 He 1 p subsystem does not. Therefore the va-
lence neutron is located closer to theL

5 He core than the
proton is. As for the 1/21 state in L

7 Be @Table IV~c!#,

FIG. 5. Density distributions of the valence proton,rp , in the
ground states of6Be and L

7 Be, multiplied by r 2. The radiusr is
measured from the c.m. of the core.
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r¯
L
5 He-p 5 3.9 fm is shorter by 0.5 fm thanr̄

L
5 He-p in the

3/21 state in L
7 Li. Therefore the proton tail ofL

7 Be is not
considered to be halolike. Though the state is only 0.3 M
bound below the three-body breakup threshold, the fact
r¯

L
5 He-p is not very large is attributed to the Coulomb barri

between theL
5 He cluster and the two valence protons.

In the above discussion we have compared the calcula
results from the viewpoint of the rms distance of the valen
nucleon from the core. In order to confirm the above disc
sions, we illustrate the density distributionsrN(r ) of the va-
lence nucleon in Figs. 6~a!, 6~b! and 6~c!, respectively. For
definition of rN(r ), see Eq.~3.6!. We see that the proton
density in the 3/21 state inL

7 Li is the most extended to the
long-range region, when compared among the three c
concerned here. It is interesting that the extended distribu
of rp(r ) for L

7 Li (3/21) is comparable to the neutron hal
densityrn(r ) for

6He (01). Note, however, that the densit
extension for the remaining two cases forL

7 He (5/21) and

L
7 Be (1/21) is not so pronounced, but rather skinlike.

IV. T50 STATES OF L
7 Li

A. A limitation of the a1d1L model

In order to get information on the spin-spin term of th
LN interaction, it is particularly useful to calculate the spl
tings of theL spin-doublet states ofL

7 Li. Using a micro-
scopic a1d1L model, the spin-doublet splittings hav
been investigated in Refs.@1,20,24#, where the effective
LN interactions are folded into the nucleon density of6Li
constructed on the basis of the OCM for thea1d clusters.
In general, before doing three-body calculations, it is de
able that observed binding energies of all the two-body s
systems are reproduced by the employed interactions
view of this, the previousa1d1L models@1,20,24# are not
always satisfactory, since theLN effective interactions
adopted to explain the binding energy of thea1L sub-
system lead inevitably to an underestimate for thed1L part.

Here, let us perform a trial calculation by multiplying th
dL interaction part by a factor of 1.20 so as to reprodu
BL( L

3 H). We then find that this change of thedL interaction
leads toBL( L

7 Li) 5 7.10 MeV, resulting in overbinding by
1.5 MeV with respect to the observed value~5.58 MeV!, and
that a larger value~1.5 MeV! is obtained for the 3/21-1/21

splitting in comparison with the previous estimates~1.1 and
1.3 MeV! @1,20#. This overbinding ofL

7 Li derived from the
a1d1L model suggests that the deuteron cluster inL

7 Li is
very different from that inL

3 H @25#, the latter being quite
similar to the isolated deuteron. Thus, in order to extrac
reliable spectroscopic information on theLN spin-spin inter-
action, it is necessary to take fully into account the degree
freedom of then-p relative motion without assuming a fro
zen deuteron cluster inL

7 Li.
Therefore it is desirable at best to investigateL

7 Li with the
four-bodya1L1n1p model. As far as the framework o
three-body models is concerned, however, theL

5 He1n1p
model adopted in the previous section should be more su
to describe theT50 L

7 Li states than thea1d1L model.
Using the L

5 He1n1p model, we shall discuss the probabi
V
hat
r

ted
ce
s-

ses
ion

e
-

ir-
b-
In

ce

a

of

ted

-

ity for the valence neutron and proton to compose a deute
cluster.

B. Results with the L
5 He1n1p model

With the use of thea1n1p and L
5 He1n1p models

described in Sec. III~cf. Fig. 3!, calculations were made for
the low-lyingT50 states of6Li and L

7 Li, respectively. The
adopted angular-momentum space and the optimized Ga

FIG. 6. Density distributions of the valence nucleon in the ve
weakly bound states of~a! L

7 He ~5/21), ~b! L
7 Li ( T51, 3/21), and

~c! L
7 Be ~1/21). Those of theL particle and a single nucleon in the

L
5 He cluster are compared in each block. The radiusr is measured
from the c.m. ofL

5 He.
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ian range parameters of the basis functions@cf. Eqs. ~2.4!,
~2.5!, and~3.4!# are listed in Table V for the ground state o

L
7 Li. The calculated energy spectra are illustrated in Fig.
The energies and the rms distances are summarized in T
VI. The energies are well converged on increasing the nu
ber of basis functions. As is known, it is difficult, within the
bound-state approximation method, to predict a stable a
reliable value of the energy ofbroad resonances. Therefore
we do not report here the energies of the resonantT50,
21, and 12

1 states of 6Li and the corresponding states o

L
7 Li. We shall investigate those states on the basis of
complex-coordinate rotation method@27# for resonant states
when we apply thea1L1n1p model to theA57 L hy-
pernuclei in the near future.

It is interesting to note that the observedL binding en-
ergy of L

7 Li is satisfactorily reproduced by theL
5 He1n1p

TABLE V. The angular-momentum model space of the thre
body basis functions~3.4! and the Gaussian range parameters~2.5!
employed for the ground state ofL

7 Li ( T50). Also see comments
for Table I.

c l L I S J0 nmax rmin rmax Nmax Rmin Rmax

c1 1 1 0 1 1 8 0.5 7.0 8 0.5 8.0
c1 1 1 1 0 1 8 0.5 7.0 8 0.5 8.0
c1 1 1 1 1 1 8 0.5 7.0 8 0.5 8.0
c2 1 1 0 1 1 8 0.5 7.0 8 0.5 8.0
c2 1 1 1 0 1 8 0.5 7.0 8 0.5 8.0
c2 1 1 1 1 1 8 0.5 7.0 8 0.5 8.0
c3 0 0 0 1 1 10 0.1 7.0 10 0.5 8.0
c3 2 0 2 1 1 10 0.2 7.0 10 0.5 8.0
c3 0 2 2 1 1 8 0.1 7.0 8 0.5 8.0
c3 2 2 2 1 1 8 0.2 7.0 8 0.5 8.0
c3 2 2 1 1 1 8 0.2 7.0 8 0.5 8.0
c3 2 2 0 1 1 8 0.2 7.0 8 0.5 8.0

FIG. 7. Calculated energy spectra of the low-lying states

L
7 Li ( T50) with those of the corresponding nucleus6Li ( T50).
f
7.
able
m-

nd

f
the

calculation: The difficulty of overbinding encountered in th
a1d1L model is not seen here. This is due to the fact th
deuteron excitation is allowed in the present model. This al
results in the slight reduction of the ground-state doubl
splitting to 0.9 MeV from the values 1.1–1.5 MeV obtained
by thea1d1L model. The excitation energy of the 5/21

state, 2.19 MeV, corresponds well to the observedg transi-
tion energy of 2.03 MeV. The 7/21 state is weakly bound
with respect to theL

5 He 1 d threshold, but the centrifugal
barrier (L52) betweenL

5 He and then-p pair prevents the
state from having a halolike long-range tail.

In order to investigate the behavior of the valencen-p
pair in the ground state ofL

7 Li, we introduce two types of
probabilities and compare them. The first one is the probab
ity density,rn-p(R3), which is defined as the probability to
find the c.m. of then-p pair at a distanceR3 from L

5 He @cf.
Fig. 3 (c53)#:

rn-p~R3!5E uC~ L
7 Li,g.s.!u2dr3dR̂3 /4p. ~4.1!

This probability density has the normalization

4pE rn-p~R3!R3
2dR351. ~4.2!

The second one is the probability densityrd(R3) that the
n-p pair is found as a deuteron cluster at a distanceR3:

rd~R3!5(
m

E UE f11m
* ~r3!C~ L

7 Li,g.s.!dr3U2dR̂3 /4p,

~4.3!

wheref11m
* is the deuteron wave function calculated with

the sameVN1N2
of Eq. ~3.3!. The integrated probability of

deuteron clusterizationPd is defined by

e-

of

TABLE VI. Calculated energies of the low-lying states ofL
7 Li

(T50) together with those of the corresponding nucleus6Li
(T50). The energiesE are measured from thea1n1p breakup
threshold for6Li and from thea1L1n1p threshold forL

7 Li. The
energies in parentheses are measured from thea1d threshold for
6Li and the L

5 He 1 d threshold for L
7 Li. The rms distances

r̄ core-n , r̄ core-p , r̄ core-np , and r̄ n-p are also shown for bound states
Here, ‘‘core’’ denotesa or L

5 He.

6Li ( T50! L
7 Li ( T50!

J 11 31 1/21 3/21 5/21 7/21

E ~MeV! –3.46 –0.99 –9.33 –8.47 –7.14 –6.33
~–1.24! ~1.23! ~–3.99! ~– 3.13! ~–1.80! ~–0.99!

Eexpt ~MeV! –3.70 –1.51 –9.28 – 7.25
~–1.48! ~0.71! ~–3.94! ~–1.91!

BL ~MeV! 5.87
BL
expt ~MeV! 5.58

r̄ core-n ~fm! 4.19 3.36 3.50 3.30 3.45
r̄ core-p ~fm! 4.23 3.39 3.53 3.35 3.51
r̄ core-np ~fm! 3.85 2.94 3.08 2.78 2.93
r̄ n-p ~fm! 3.42 3.33 3.38 3.67 3.76
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Pd5E rd~R3!R3
2dR3 . ~4.4!

Furthermore, in order to see explicitly how the internal d
tance betweenn-p pairs changes as the c.m. of the pair a
proaches theL

5 He core, we introduce an averaged distan
betweenn andp, r̄ n-p(R3), at a particular distanceR3:

r̄ n-p~R3!5F E uC~ L
7 Li,g.s.!u2r 3

2dr3dR̂3 /4prn-p~R3!G1/2.
~4.5!

The calculated densitiesrn-p(R3) and rd(R3) multiplied
by R3

2 are illustrated in Fig. 8~a! together withr̄ n-p(R3) in
Fig. 8~b!. It is noted first that the node ofrd(R3) seen at
R3 5 1.7 fm comes from the Pauli principle that the relativ
motion between the deuteron cluster andL

5 He should be or-
thogonal to the lowest 0S state. However, such a nodal be
havior is much reduced inrn-p(R3) because even the 0S
component is allowed when the deuteron is excited int
nally. As is expected, in the region far from the surface, t
probability of deuteron clusterization is large (rd /rn-p.1)

FIG. 8. ~a! Probability densityr(R3) of finding the valencen-
p pair in the ground state ofL

7 Li drawn as a function of the distanc
R3 between the c.m. of the pair andL

5 He ~solid line!. The dashed
line shows the probability density of finding the deuteron,r(R3);
see Eqs.~4.1! and ~4.3! for definition. ~b! The internal distance of
the valencen-p pair in the ground state ofL

7 Li as a function of
R3 . Then-p distance of the free deuteron~3.9 fm! is indicated by
an arrow.
s-
p-
ce

e

-

er-
he

and the internal distancer̄ n-p(R3) is close to the size of the
free deuteron. On the other hand, as then-p pair approaches
the L

5 He core, the ratiord /rn-p decreases drastically. At
R3.3 fm, then-p pair densityrn-p(R3) is largest, but the
deuteron is broken by about 40% (rd /rn-p.0.6) and the
n-p internal sizer̄ n-p(R3) takes the smallest value of 2.4 fm
which is sizably reduced from the free deuteron size~3.94
fm!. As a result, the integrated probability of deuteron clu
terization is as small asPd50.57. In the case of the6Li
nucleus, similar behavior ofrn-p andrd is seen, but the peak
position is slightly displaced toward the outside, resulting
a larger value ofPd50.65. The gluelike effect of theL
particle in L

7 Li works to break the deuteron cluster more tha
in 6Li.

When L
7 Li is excited so as to haveJ55/21, the distance

betweenL
5 He and then-p pair contracts slightly~Table VI!

due to the angular-momentum barrier (L52) between them.
This is the same result as obtained in thea1d1L model
calculations@1,20#. On the other hand, it should be empha
sized here that the internal distance of then-p pair increases
appreciably ~Table VI!. This causes an enhancemen
of the deuteron clusterization fromPd(1/2

1)50.57 to
Pd(5/2

1)50.61, though the c.m. of then-p pair is closer to
the core in the excited state.

From the above demonstration we conclude that, wh
one discusses the details of the energy level structure

L
7 Li in close connection with theLN interaction properties,
the freedom of then-p relative motion should be fully taken
into account.

V. SUMMARY

We have studied dynamical features predicted within t
extended three-body model for the hypernuclei withA56
( L
6 He andL

6 Li ! andA57 ( L
7 He, L

7 Li, and L
7 Be!. Most of the

states studied in this paper are located near thea1L1N
and L

5 He1N1N thresholds, respectively. On the basis o
careful calculations, we have proven that the picture

L
5 He plus two valence nucleons works quite well in descri
ing theA57 hypernuclei.

In order to describe these types of states properly, we to
the coupled-rearrangement-channel variational method w
the use of Jacobian-coordinate Gaussian basis functi
@6–8#. As for theLN interaction, use was made of an effec
tive interaction with one-range Gaussian~ORG! shape which
has often been adopted in the calculations of light hypern
clei. We employed the appropriateaN interaction which re-
produces the low-energyaN scattering data very well. The
major results obtained forL

6 He, L
6 Li, L

7 He, L
7 Li, and L

7 Be are
summarized as follows.

~1! The observed ground-state energies ofL
6 He and L

6 Li
are satisfactorily reproduced by thea1L1N model with
coupled rearrangement channels.L

6 He is found to have a
three-layer structure of matter distribution: thea core, the
L skin, and the neutron halo. It is notable that theL

5 He
hypernucleus behaves as a good core cluster inL

6 He and

L
6 Li.

~2! Thea1p1p and L
5 He1p1p models reproduce the

observed energies of the resonant ground state of the6Be
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nucleus and the loosely bound ground state of theL
7 Be hy-

pernucleus, respectively. Thep-p correlation in the presenc
of the L particle makes L

7 Be5 L
5 He1p1p bound; this

might be the onlyproton-rich Borromean system. The va
lence protons inL

7 Be show not a halolike but a skinlik
density distribution due to suppression of the tail region
the Coulomb potential barrier.

~3! We predict that the addition of aL particle to the
typical neutron halo nucleus6He results in the stabilized
1/21 ground state ofL

7 He at 2.83 MeV below theL
6 He 1

n threshold@BL( L
7 He! 5 5.44 MeV#. This prediction will

hold for any otherLN interaction as long as the calculatio
satisfies the condition that the observed binding energy

L
7 Be is reproduced with that interaction. The excited sp
doublet states withJ55/21 and 3/21 become weakly bound
The neutron distribution is skinlike, similar to that ofL

7 Be.
Observation ofg transitions among the 1/21, 3/21, and
5/21 states would be very useful to further discussion on
structure ofL

7 He.
~4! The addition of aL particle to theT51,21 state

(Ex55.38 MeV! of 6Li generates a proton halo 3/21 state in

L
7 Li. Due to the presence of theL particle, in general, the
A57 hypernuclei are stabilized by 1.6–2.1 MeV compar
with theA56 core nuclei.

~5! In theT50 states ofL
7 Li, the probability of deuteron
,

t

-

by

n
of

in-
.

the

ed

clustering is found to be only 57%. Instead of the
a1d1L model, we took theL

5 He 1 n1p model with full
account of then-p correlation. The model reproduces the
binding energy of the ground state ofL

7 Li, and reduces ap-
preciably the splitting of theL spin doublets in comparison
with the frozen-deuteron approximation.

The L
7 Li hypernucleus is an important system to obtain

information on the spin-spin term of theLN interaction
through the spin-doublet states. In this respect an extend
calculation with a four-bodya1L1n1p model may be
necessary to confirm the predictions by theL

5 He1n1p
model. Also, use of more realistic effective interactions in
place of ORG is particularly desirable, not only for the study
of the T50 low-lying states ofL

7 Li, but also for more ex-
tended investigation of the loosely coupling states in th

L
7 He, L

7 Li ( T51), and L
7 Be hypernuclei. Such a four-body

a1L1N1N model calculation is in progress.
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