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Correlation effects in single-particle overlap functions and one-nucleon removal reactions
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Single-particle overlap functions and spectroscopic factors are calculated on the basis of the one-body
density matrices~ODM! obtained for the nucleus16O employing different approaches to account for the effects
of correlations. The calculations use the relationship between the overlap functions related to bound states of
the (A21)-particle system and the ODM for the ground state of theA-particle system. The resulting bound-
state overlap functions are compared and tested in the description of the experimental data from (p,d) reac-
tions for which the shape of the overlap function is important.@S0556-2813~99!04007-8#

PACS number~s!: 21.60.2n, 21.10.Jx, 25.40.Hs
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I. INTRODUCTION

The strong short-range and tensor components of
nucleon-nucleon interactions induce correlations in
nuclear wave function which are going beyond t
independent-particle approximation, e.g., the Hartree-F
method. Therefore it has always been a point of experime
and theoretical interest to find observables, which refl
these correlations in an unambiguous way. In this sense b
the overlap functions and single-nucleon spectroscopic
tors, have attracted much attention in analyzing the empir
data from one-nucleon removal reactions, such as (e,e8p),
(p,d), (d,3He), see, e.g., Refs.@1–4# and also in other do-
mains of many-body physics, such as, e.g., atomic and
lecular physics@5–12#.

Recently, a general procedure has been adopted@5# to
extract the bound-state overlap functions and the assoc
spectroscopic factors and separation energies on the ba
the ground-state one-body density matrix. The advantag
the procedure is that it avoids the complicated task for c
culating the whole spectral function in nuclei. One is ab
instead to incorporate the knowledge of realistic one-bo
density matrices emerging from various correlation meth
going beyond the independent-particle picture which h
been proposed over the years@1,13–28#.

Initially, the procedure for extracting bound-state overl
functions has been applied@11# to a model one-body densit
matrix @29# accounting for the short-range nucleon corre
tions within the low-order approximation to the Jastrow c
relation method~JCM!. The calculations were based on
single harmonic-oscillator Slater determinant and Gauss
like state-independent correlation functions. The result
overlap functions have been used@30# to study one-nucleon
removal processes in contrast to the mean-field approa
which account for the nucleon correlations by modifying t
mean-field potentials. The results obtained for the differ
tial cross-sections of16O(p,d) and 40Ca(p,d) pick-up reac-
tions at various incident energies demonstrated that the o
0556-2813/99/60~2!/024312~7!/$15.00 60 0243
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lap functions can be applied as realistic form factors
evaluate absolute cross sections of such reactions. Of co
the general success of the above procedure depends str
on the availability of realistic one-body density matrices.

This work can be considered as an extension of the an
sis of single-particle overlap functions based on the pro
dure @5# to more realistic one-body density matrices eme
ing from the correlated basis function~CBF! method
@9,19,21# and the Green function method~GFM! @24#. We
have chosen the CBF theory, based on the Jastrow appr
@18#, since it is particularly suitable for the study of th
short-range correlations in nuclei. So far the calculatio
have been performed for infinite nuclear matter and so
light nuclei such as, e.g., the variational Monte Carlo cal
lations for the16O nucleus@15#. The CBF calculations have
recently been extended to medium-heavy doubly closed s
nuclei @16,19,21,22# using various levels of the Fermi hype
netted chain~FHNC! approximation @19,20#. The Green
function method@23,24# provides detailed information on th
spectral functions and nucleon momentum distributio
@25,26# predicting the largest effects of the short-range a
tensor correlations at high momentum and energy@27,28#.

The main purpose of this work is twofold. Using the pr
cedure@5#, we first calculate all bound-state overlap fun
tions on the basis of one-body density matrices emerg
from the CBF and Green function methods for the16O
nucleus in order to analyze and compare their propertie
coordinate and momentum spaces. Then, the resulting o
lap functions are tested in the description of the experime
data from 16O(p,d)15O reaction for which the shape of th
overlap functions is important. Such an investigation allo
us to examine the relationship between the one-body den
matrix and the associated overlap functions within the co
lation methods used and also to clarify the importance of
effects of NN correlations on the overlap functions an
(p,d) cross sections.

Some basic relations of the methods used to determine
effects of correlations on the one-body density matrices
©1999 The American Physical Society12-1
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given in Sec. II. In Sec. III we present numerical results
the quantities under consideration in the case of16O. Section
IV contains a summary and conclusions.

II. CORRELATED NUCLEAR WAVE FUNCTIONS

The single-particle overlap functions in quantum
mechanical many-body systems are defined by the ove
integrals between eigenstates of theA-particle and the (A
21)-particle systems:

fa~r !5^Ca
(A21)ua~r !uC (A)&, ~1!

wherea(r ) is the annihilation operator for a nucleon wi
spatial coordinater ~spin and isospin operators are implied!.
In the mean-field approximationC (A) andCa

(A21) are single
Slater determinants and the overlap functions are iden
with the mean-field single-particle wave functions. O
course, this is not the case at the presence of correlat
where bothC (A) andCa

(A21) are complicated superposition
of Slater determinants. In general, the overlap functions~1!
are not orthogonal. Their norm defines the spectroscopic
tor

Sa5^faufa&. ~2!

The normalized overlap function associated with the stata
then reads

f̃a~r !5Sa
21/2fa~r !. ~3!

The one-body density matrix can be expressed in term
the overlap functions in the form

r~r ,r 8!5(
a

fa* ~r !fa~r 8!5(
a

Saf̃a* ~r !f̃a~r 8!. ~4!

It has been shown in Ref.@5# that the one-body overlap
functions ~1! associated with the bound states of theA
21) system can be expressed in terms of the ground s
one-body density matrix of theA nucleon system. In the cas
of a target nucleus withJp501, the lowest (n0l j ) bound
state overlap function is determined by the asymptotic
havior (a˜`) of the corresponding partial radial contribu
tion r l j (r ,r 8) of the one-body density matrix:

fn0l j ~r !5
r l j ~r ,a!

Cn0l j exp~2kn0l j a!/a
, ~5!

where the constantsCn0l j and kn0l j are completely deter

mined byr l j (r ,r 8). In this way, bothfn0l j (r ) andkn0l j de-
fine the separation energy

en0l j [En0l j
(A21)2E0

(A)5
\2kn0l j

2

2m
~6!

and the spectroscopic factorSn0l j 5^fn0l j ufn0l j &. The proce-
dure also yields the next bound state overlap functions w
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the same multipolarity if they exist. The applicability of th
procedure has been demonstrated in Refs.@8,9,11#.

Thus having the procedure for estimating such import
quantities as spectroscopic factors and overlap functions
has simply to apply it to some realistic one-body dens
matrices emerging from the CBF and Green function me
ods. The latter are briefly discussed in this section.

A. The CBF theory

The CBF theory starts from a trial many-particle wa
function

C~x1 , . . . ,xA!5SF )
i , j 51

A

F̂~xi ,xj !GF~x1 , . . . ,xA!,

~7!

whereA is the number of the nucleons with particle coord
natesx1 ,x2 , . . . ,xA which contain spatial, spin, and isosp
variables,S is a symmetrization operator, andF is an un-
correlated~Slater determinant! wave function normalized to
unity and describing a closed-shell spherical system. T
correlation factorF̂ is generally written as

F̂~xi ,xj !5(
n

hn~ ur i2r j u!Ôi j
n ~8!

with basic two-nucleon operatorsÔn inducing central, spin-
spin, tensor, and spin-orbit correlations, either with or wi
out isospin exchange:

Oi j
n51, . . . ,851,~ti•tj !,~si•sj !,~si•sj !~ti•tj !,Si j , ~9!

Si j ~ti•tj !,L .S,L•S~ti•tj !.

The corresponding one-body density matrix

N~x1 ,x18!5
^Cuc†~x18!c~x1!uC&

^CuC&
~10!

has been calculated in Ref.@15# using the Monte Carlo tech
niques. In many cases the low-order approximation~LOA!
@31–34# is used for the ODM which consists in expandin
the corresponding quantities up to the first order of the fu
tion ĥ(xi ,xj ;xi8 ,xj8)5F̂(xi8 ,xj8)F̂(xi ,xj )21. The LOA ex-
pression for the ODM is

N~x1 ,x18!5N0~x1 ,x18!1N1~x1 ,x18!1N2~x1 ,x18!, ~11!

with

N0~x1 ,x18!5r~x1 ,x18!, ~12!

N1~x1 ,x18!5E dx2ĥ~x1 ,x2 ;x18 ,x2!@r~x1 ,x18!r~x2 ,x2!

2r~x1 ,x2!r~x2 ,x18!#, ~13!
2-2
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N2~x1 ,x18!5E dx2dx3ĥ~x2 ,x3 ;x2 ,x3!r~x1 ,x2!

3@r~x2 ,x18!r~x3 ,x3!2r~x2 ,x3!r~x3 ,x18!#.

~14!

The zeroth order contribution~12! is the uncorrelated ODM
associated with the Slater determinantF. An important fea-
ture of the power series cluster expansion is that sum
properties such as the normalization property is fulfilled
any order of the expansion@35#. Thus, in our case the con
servation of the number of particles, i.e.,

E dx1N~x1 ,x1!5E dx1r~x1 ,x1!5A, ~15!

is ensured.
The overlap functions for16O have explicitly been con

structed on the basis of the ODM generated by a CBF-t
correlated wave function in Ref.@9#. The single-particle~SP!
orbitals entering the Slater determinantF were taken from a
Hartree-Fock calculation with the Skyrme-III effective forc
The correlation factorF̂(x1 ,x2) obtained in Ref.@15# by
variational calculations with ArgonneNN forces has been
used. The two-nucleon correlation factors were restricted
the central, spin-isospin, and tensor-isospin operators. Su
description allows one to distinguish between the effects
different types of correlations on quantities such as ove
functions and spectroscopic factors of quasihole states.

B. FHNC formalism within the CBF theory

The CBF theory and the Fermi hypernetted chain te
nique have been extended in Ref.@19# to study medium-
heavy doubly closed shell nuclei in thej j coupling scheme
with different single-particle wave functions for protons a
neutrons using isospin-dependent two-body correlatio
These are the first microscopic calculations for nuclei
yond 40Ca which are a necessary step towards a correct
scription of heavy nuclear systems based on realistic nuc
Hamiltonian. The FHNC equations can be written in terms
the one-body densities and the two-body distribution fu
tions

r1
a~r !5K C* (

k51

A

d~r2r k!Pk
aCL , ~16!

r2,q
ab5K C* (

kÞ l 51

A

d~r2r k!Pk
ad~r 82r l !Pl

bOkl
q CL ,

q51, . . . ,4, ~17!

wherePk
a is the projection operator on thea5p,n state of

thek nucleon. The indexq labels the operational compone
of r2,q

ab with O12
q characterizing the first four channels fro

Eq. ~9!. The calculations in Ref.@19# have been performed
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using central nucleon-nucleon interactions (v4) with spin
and isospin dependence but without tensor and spin-o
components

v4~1,2!5 (
q51,4

v (q)~r 12!O12
q . ~18!

The structure of the FHNC equations depends on the ado
correlation functionf. It has been shown in Ref.@19# that the
isospin dependence of the correlation function within t
approximation scheme is weak. This is due to the fact t
within this approach the correlations mainly result from t
central short-range components of theNN interaction. There-
fore, in our calculations we use ODM for16O obtained up to
the first order in the cluster expansion by adopting the av
age correlation approximation~ACA! @19#. It consists in us-
ing the unique correlation, independent of the isospin of
nucleons. The ACA correlations are well reproduced by
sum of two Gaussians

f ~r !512a1e2b1r 2
1a2e2b2(r 2x)2

, ~19!

with the parametersa150.64, b151.54 fm22, a250.11,
b253.51 fm22, and x51.0 fm. They are taken as varia
tional parameters fixed by minimizing the FHNC groun
state energy@19#. The second ingredient of these calculatio
is the set of SP wave functions which have been gener
by a mean-field potential of Woods-Saxon type.

The same SP wave functions but a state-dependent c
lation function taken from nuclear matter FHNC calculatio
have been used in Ref.@21# to construct the ODM. The ef-
fects of state-dependent correlations on nucleon density
momentum distributions of various nuclei have been stud
in Ref. @21#. It has been shown that the correlation functio
used in these calculations lead to a general lowering of
density distributions in the interior region and to hig
momentum components of the momentum distribution.

C. The Green function approach

Recent microscopic calculations of the one-body Gre
function for 16O have demonstrated@25,26# that the nucleon-
nucleon correlations induced by the short-range and ten
components of a realistic interaction yield an enhancem
of the momentum distribution at high momenta. This e
hancement originates from the spectral function at la
negative energies and therefore should be observed
nucleon knockout reactions with large energy transfer le
ing the final nucleus at an excitation energy of about 1
MeV. For a nucleus such as16O with J50 ground state
angular momentum the one-body density matrix can ea
be separated into submatrices of a given orbital angular
mentuml and total angular momentumj. Within the Green
function approach@23# the ODM in momentum representa
tion can be evaluated from the imaginary part of the sing
particle Green function by integrating

r l j ~k1 ,k2!5E
2`

«F
dE

1

p
Im@gl j ~k1 ,k2 ;E!#, ~20!
2-3
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where the energy variableE corresponds to the energy di
ference between the ground state of theA particle system and
the energies of the states in the (A21)-particle system
~negativeE with large absolute value correspond to hi
excitation energies of the residual system! and «F is the
Fermi energy. The single-particle Green functiongl j ~or the
propagator! is obtained from the solution of the Dyson equ
tion

gl j ~k1 ,k2 ;E!5gl j
(0)~k1 ,k2 ;E!

1E dk3E dk4gl j
(0)~k1 ,k3 ;E!

3DS l j ~k3 ,k4 ;E!gl j ~k4 ,k2 ;E!, ~21!

whereg(0) refers to the Hartree-Fock propagator andDS l j
represents contributions to the real and imaginary part of
irreducible self-energy, which go beyond the Hartree-Fo
approximation of the nucleon self-energy used to deriveg(0).

The results for the ODM have been analyzed in Ref.@24#
in terms of the natural orbitalswa and the occupation num
bersna in the 16O nucleus. Within the natural orbital repre
sentation they can be determined by diagonalizing the o
body density matrix of the correlated system. In th
representation the radial ODM for eachl j subspace has th
form

r l j ~r ,r 8!5(
a

na l j wa l j* ~r !wa l j ~r 8!. ~22!

The numerical results from Ref.@24# show that the ODM can
be described quite accurately in terms of four natural orbi
(a51, . . . ,4) foreach partial wavel j in the sum~22!. The
ODM generated in this way is used in our calculations
construct the single-particle overlap functions.

III. NUMERICAL RESULTS

The ODM obtained with the different methods mention
in Sec. II have been applied to calculate overlap functio
related to the 1s and 1p states in the16O nucleus. The ODM
from Refs.@9,24# account for noncentral correlation effect
Therefore one obtains in these approaches different re
for p3/2 andp1/2 quasihole states. This allows us to calcula
the corresponding differential cross sections of16O(p,d)15O
reactions leading to the ground 1/22 state and 3/22 excited
states of the residual15O nucleus.

A. Overlap functions and spectroscopic factors

In this subsection we present the results for the ove
functions, the spectroscopic factors, and the neutron sep
tion energies calculated using the procedure of Eqs.~1!–~6!
~see also Ref.@5#!. The resulting overlap functions are com
pared with the HF wave function in Fig. 1. The HF wa
function has been calculated in a self-consistent way us
the Skyrme-III interaction. It is the uncorrelated basis fun
tion, which has also been used in Ref.@9#. It can be seen
from Fig. 1 that the overlap functions and the HF wave fun
02431
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tion are rather similar. This is not only true for the examp
of 1s states exhibited in this figure but also for the 1p hole
states in16O. This justifies the use of shell-model orbita
instead of overlap functions in calculating the nucle
knock-out cross section using the plane wave impulse
proximation for such nuclear states. The changes in
shape from the original mean-field wave functions are rat
small and might be absorbed by a suitable readjustmen
the parameters of the single-particle potential used to de
mine the corresponding wave functions. The inclusion
short-range as well as tensor correlations leads to an
hancement of the values of the corresponding overlap fu
tions in the interior region and a depletion in the tail regi
in the coordinate space. As expected, in the momen
space these effects lead to a shift of the overlap functi
from the low- to the high-momentum region in comparis
with the mean-field wave functions as it is shown in Fig.
This fact is important because the squared overlap funct
in the momentum space determine the single-particle m

FIG. 1. Overlap functions@rf(r ) squared# for the neutrons1/2

quasihole state in16O. All curves are normalized to unity.

FIG. 2. Overlap functions@f(k) squared# for the neutronp1/2

quasihole state in16O. All curves are normalized to unity.
2-4
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mentum distribution representing the transition to a giv
single-particle state of the residual nucleus. This sing
particle momentum distribution can be obtained experim
tally, e.g., from (e,e8p) reactions, by integrating the data fo
the spectral function over the energy interval which includ
the peak of the transition.

The values of the spectroscopic factors and the separa
energies deduced from the calculations with different OD
are listed in Table I. It is seen that the separation ener
derived from ODM are in acceptable agreement with
corresponding single-particle energies obtained in s
consistent Hartree-Fock calculations. As it has been sh
already in Ref.@9#, the use of single-particle wave function
which have realistic exponential asymptotics leads to se
ration energies of the quasihole states which are close to
original mean-field single-particle energies.

The calculated spectroscopic factors, however, differ s
nificantly from the mean-field value. The nucleon-nucle
correlations lead to a depletion of the states which are be
the Fermi level of the independent particle approach. T
spectroscopic factors of thes and p states in16O obtained
within the JCM~0.94 and 0.953, respectively! @11# are some-
what smaller than the values obtained from the calculati
which include only central channel of the interaction~about
0.98! @9#. Although both central correlation functions have
comparable range, the first one is more effective at smar,
going to zero forr 50. Therefore the correlation effects in
duced by the central correlation function in this approach
stronger leading to a smaller spectroscopic factor. The s
holds for the ODM generated in Refs.@19,21#. The compari-
son of the spectroscopic factors also shows that the te
correlations, which are taken into account in Refs.@9,24#, are
responsible for a large part of the depletion of the occup
states. The central correlations generate a depletion of 1–
only, whereas the inclusion of the tensor channel leads
depletion of 7–11 %@9#. The spectroscopic factors for th
p3/2 and p1/2 quasihole states in16O found in Refs.@9# are
about 0.90–0.91. Our calculations based on the Green f
tion theory yield similar results which indicates that abo
10% of the 1p strength is removed by the short-range a
tensor correlations. Here one should keep in mind that
additional depletion or reduction of the spectroscopic facto

TABLE I. Spectroscopic factors (S), occupation numbers (N),
and separation energies («) deduced from the calculations with dif
ferent ODM for 16O.

1s 1p
ODM S N «,MeV S N «,MeV

HF 1.000 1.000 34.89 1.000 1.000 14.84 (j 51/2)
1.000 1.000 21.17 (j 53/2)

JCM @11# 0.940 0.950 35.82 0.953 0.965 17.48
CBF @9# 0.883 0.884 37.70 0.912 0.929 16.79 (j 51/2)

0.909 0.917 23.30 (j 53/2)
CBF @19# 0.977 0.978 34.85 0.981 0.984 20.09
CBF @21# 0.980 0.980 34.80 0.983 0.985 20.05
GFM @24# 0.904 0.933 31.12 0.905 0.916 16.68 (j 51/2)

0.915 0.922 20.74 (j 53/2)
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which is not included in the approaches presented here
due to long-range correlations@36#.

In Table I the spectroscopic factorsS are given together
with the natural occupation numbersN @1# calculated after
diagonalizing the corresponding one-body density matric
The comparison shows that the results satisfy the gen
property Snl j<Nnl j

max, i.e., in eachl j subspace the spectro
scopic factorSnl j is smaller than the largest natural occup
tion numberNnl j

max @5#. The trend of the calculated spectro
scopic factors follows that of the natural occupati
numbers.

In the case of the Green function approach@24,25# one
can compare the spectroscopic factor for the overlap func
and the separation energy derived from the ODM with
occupation probability and the energy of the correspond
quasihole state listed in Table II of@25#. The occupation
probabilities for the quasihole states~0.780, 0.898, 0.914 for
s1/2, p1/2, and p3/2, respectively! are slightly smaller than
the spectroscopic factors listed in Table I, indicating that
continuum contribution to the spectral function is no
negligible. The difference is largest for thes1/2 state. The
absolute energy of the quasihole state is slightly larger
thes1/2 ~34.3 MeV! than the corresponding separation ener
~31.12 MeV! deduced from the ODM. In the case of thep
states the quasihole energies are smaller~14.14 MeV and
17.9 MeV! than the separation energies.

B. Differential cross sections

In order to explore whether an analysis of experimen
data is sensitive to the differences in the overlap functio
derived from the various many-body theories, we are n
going to employ a very simple model for calculating cro
sections of16O(p,d) reactions. The differential cross sectio
for such pick-up processes can be written in the form

dspd
ls j~u!

dV
5

3

2

Sls j

2 j 11

D0
2

104
sDW

ls j ~u!, ~23!

whereSls j is the spectroscopic amplitude,j is the total angu-
lar momentum of the final state,D0

2'1.53104 MeV fm3 is
thep-n interaction strength in the zero-range approximatio
andsDW

ls j is the cross section calculated by theDWUCK4 code
@37#. For our purposes the standard distorted wave born
proximation~DWBA! form factor has been replaced by th
SP overlap function derived from the one-body density m
trix calculations. In this case no extra spectroscopic fac
Sls j in Eq. ~23! is needed, since our overlap functions alrea

TABLE II. Spectroscopic factorsSDWBA /(2 j 11) deduced from
the standard DWBA calculations for the16O(p,d) reactions leading
to the 1/22 ground and 3/22 excited states of the15O nucleus.

Proton energy, MeV 1/22 3/22

Ep531.82 1.05 0.85
Ep545.34 1.22 0.83
Ep565 1.62 0.54
2-5
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include the associated spectroscopic factors. The result
the differential cross sections for the transitions to the gro
1/22 state and to the excited 3/22 state in the15O nucleus at
different incident proton energiesEp 531.82, 45.34, and 65
MeV are given in Figs. 3 and 4. A comparison with th
experimental data from Refs.@38,39# is also made. The op
tical potentials parameter values have been taken in e
case to be the same as in the corresponding standard DW
calculations.

As can be seen in Figs. 3 and 4 the use of all over
functions for the transition to the ground 1/22 state leads to
a qualitative agreement with the experimental data reprod
ing the amplitude of the first maximum and qualitatively t
shape of the differential cross section. The differences
tween the results obtained from the various approaches
small but visible.

We emphasize that our results are without any additio
normalization while the standard DWBA curves need mu
plication by the fitting parameter, i.e., the spectroscopic f
tor. The values of the spectroscopic factors obtained from
standard DWBA procedure are given in Table II and can
compared with our spectroscopic factors from Table I. It
seen that the value of the DWBA spectroscopic factors
the 1/22 state exceeds the maximum allowed value of un

FIG. 3. Differential cross section for the16O(p,d) reaction at
incident proton energyEp531.82 MeV, Ep545.34 MeV, and
Ep565 MeV to the 1/22 ground state in15O. The curves referring
to results which are derived from various ODM are labeled by
reference, in which this ODM has been calculated. The experim
tal data@38# are given by the full circles.
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IV. CONCLUSIONS

The results of the present work can be summarized
follows

~i! Single-particle overlap functions, spectroscopic fa
tors, and separation energies are calculated from the
body density matrices, which were derived using differe
approximations to determine the correlated wave function
the ground state of16O.

~ii ! The overlap functions extracted from ODM calculat
within the CBF and Green function theories are peaked
smaller distance in the interior region of the nucleus co
pared with Hartree-Fock wave functions.

~iii ! Considering the role of the central and the tens
correlations it is found that the correlation effects on t
spectroscopic factors of the hole states are dominated by
tensor channel of the interaction.

~iv! The absolute values of the differential cross sectio
of 16O(p,d) pick-up reaction at various incident energies a
calculated by using the overlap functions. The resulting
gular distributions are in a qualitative agreement with t
experimental cross sections of the transitions to the gro
1/22 and excited 3/22 states of the residual nucleus15O.
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FIG. 4. Differential cross section for the16O(p,d) reaction at
Ep565 MeV incident energy to the 3/22 excited state in15O. The
notations are the same as in Fig. 3. The experimental data are t
from Ref. @39#.
2-6



,

A

r,

r,

v.

,

y

s

s.

n

ai

. C

s.

iate
i,

v.

,
Z.

in-

n
ries

,

-

CORRELATION EFFECTS IN SINGLE-PARTICLE . . . PHYSICAL REVIEW C60 024312
@1# A.N. Antonov, P.E. Hodgson, and I.Zh. Petkov,Nucleon Cor-
relations in Nuclei~Springer-Verlag, Berlin, 1993!.

@2# L. Lapikás, Nucl. Phys.A553, 297c~1993!.
@3# I. Bobeldijk et al., Phys. Rev. Lett.73, 2684~1994!.
@4# K.I. Blomqvist et al., Phys. Lett. B344, 85 ~1995!.
@5# D. Van Neck, M. Waroquier, and K. Heyde, Phys. Lett. B314,

255 ~1993!.
@6# A.N. Antonov, M.V. Stoitsov, M.K. Gaidarov, S.S. Dimitrova

and P.E. Hodgson, J. Phys. G21, 1333~1995!.
@7# T. Berggren, Nucl. Phys.72, 337 ~1965!.
@8# D. Van Neck, A.E.L. Dieperink, and M. Waroquier, Z. Phys.

355, 107 ~1996!; Phys. Rev. C53, 2231~1996!.
@9# D. Van Neck, L. Van Daele, Y. Dewulf, and M. Waroquie

Phys. Rev. C56, 1398~1997!.
@10# D. Van Neck, M. Waroquier, A.E.L. Dieperink, S.C. Piepe

and V.R. Pandharipande, Phys. Rev. C57, 2308~1998!.
@11# M.V. Stoitsov, S.S. Dimitrova, and A.N. Antonov, Phys. Re

C 53, 1254~1996!.
@12# W.J.W. Geurts, K. Allaart, W.H. Dickhoff, and H. Mu¨ther,

Phys. Rev. C53, 2207~1996!.
@13# A.N. Antonov, P.E. Hodgson, and I.Zh. Petkov,Nucleon Mo-

mentum and Density Distributions~Clarendon Press, Oxford
1988!.

@14# C. Mahaux and R. Sartor, Adv. Nucl. Phys.20, 1 ~1991!.
@15# S.C. Pieper, R.B. Wiringa, and V.R. Pandharipande, Ph

Rev. C46, 1741~1992!.
@16# G. Co’, A. Fabrocini, S. Fantoni, and I.E. Lagaris, Nucl. Phy

A549, 439 ~1992!.
@17# F. Dellagiacoma, G. Orlandini, and M. Traini, Nucl. Phy

A393, 95 ~1983!.
@18# R. Jastrow, Phys. Rev.98, 1479~1955!.
@19# F. Arias de Saavedra, G. Co’, A. Fabrocini, and S. Fanto

Nucl. Phys.A605, 359 ~1996!.
@20# A. Fabrocini, F. Arias de Saavedra, G. Co’, and P. Folgar

Phys. Rev. C57, 1668~1998!.
@21# F. Arias de Saavedra, G. Co’, and M.M. Renis, Phys. Rev

55, 673 ~1997!.
@22# J.E. Amaro, A.M. Lallena, G. Co’, and F. Fabrocini, Phy

Rev. C57, 3473~1998!.
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