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Single-particle overlap functions and spectroscopic factors are calculated on the basis of Jastrow-type one-
body density matrices of open-shell nuclei constructed by using a factor cluster expansion. The calculations use
the relationship between the overlap functions corresponding to bound states Aftfig-particle system and
the one-body density matrix for the ground state ofARgarticle system. In this work, we extend our previous
analyses of reactions on closed-shell nuclei by using the resulting overlap functions for the description of the
cross sections offf,d) reactions on the opestd shell nuclei®*Mg, 28Si, and®?S and of*?S(e,e’p) reaction.

The relative role of both shell structure and short-range correlations incorporated in the correlation approach on
the spectroscopic factors and the reaction cross sections is pointed out.
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. INTRODUCTION has been tested in the description of tH©(p,d) pickup
reaction[9,10] and of the °Ca(p,d) reaction[9,11]. The
Nowadays consistent efforts in the correct treatment ofnain resultfrom these investigations is thabsolute cross
the beyond mean-field nucleon-nucledNN) correlations sections of the(p,d) reactions are evaluated without any
when performing nuclear calculations have been made, additional normalization in contrast to standard distorted
e.g., Refs.[1,2]). While collective phenomena have beenwave born approximatiotdDWBA) calculations Then, a de-
known since the early times of nuclear physics, effects protailed study of the cross sections of the electron- and photon-
duced by short-range correlatiof8R0 are more difficult to  induced knockout reactions oftfO [12] and “°Ca[11] has
be experimentally singled out. The experimental and theoretbeen performed. Thee(e’p) and (y,p) reactions are more
ical works in the past decade have provided us with a muclsuitable to test various single-parti¢®P overlap functions
clearer picture on the consequences of these correlationgndNN correlations. The theoretical results obtained in Refs.
There are clear signatures of the presence of correlation ef11,12 reproduce with a fair agreement the shape of the
fects on some quantities related to the behavior of the singlexperimental cross sections, in particular at large values of
nucleon in nuclear medium. For instandéN correlations the missing momentum, where correlation effects are more
are responsible for the reduction of the spectroscopisizable. Of course, the general success of the above proce-
strengths of the nuclear hole stafgds-3]. The theoretical dure depends strongly on the availability of realistic one-
understanding of this fact requires the knowledge of the rebody density matrices.
moval spectral function which can be represented in a natural In the various approaches, the OBDM’s are usually con-
way by both overlap functions and single-nucleon spectrostructed for closed-shell nuclei. THEO nucleus has been
scopic factorg4]. They are directly related to observable studied by variational Monte Carld3] and Green function
quantities such asp(d), (e,e’p), and (y,p) reaction cross [14,15 methods. The treatment of heavier nuclei has not yet
sections. The comparison between the theoretically calclattained the same degree of accuracy as the light ones. The
lated and measured cross sections could serve as a test foorrelated basis functiofCBF) theory, based on the Jastrow
the proper account of correlations within the theoretical apapproach, has recently been extended to medium-heavy dou-
proach considered. bly closed-shell nuclei using Fermi hypernetted chain inte-
Recently, a general procedure has been adofi¢do  gral equation$16,17. In addition, *°0 and*°Ca nuclei have
extract the bound-state overlap functions and the associatémen examined by the generator coordinate meft8¢
spectroscopic factors and separation energies on the base of There is no systematic study of the one-body density ma-
the ground-state one-body density mati©@BDM). Initially, trix (and related quantiti¢svhich includes both closed- and
the procedure has been appligg] to a model OBDM[7]  open-shell nuclei. For that reason, in REE9] expressions
accounting for SRC within the low-order approximation for the OBDM’s p(r,r') and momentum distributions which
(LOA) to the Jastrow correlation methd8]. First, the ap- could be used for both closed- and open-shell nuclei have
plicability of the theoretically calculated overlap functions been obtained. In Ref.20] analytical expressions for the
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charge form factors and densities of te@ ands-d shell ~whereF is a model operator which introduces SRE js an
nuclei have been also derived. Thér,r’) was constructed uncorrelated(Slater determinaiptwave function built up
using the factor cluster expansion of Clark and co-workerdrom single-particle wave functions which correspond to the
[21-23 and Jastrow correlation function which incorporatesoccupied states, anl(r;) is the state-independent correla-
SRC for closed-shell nuclei. This approach was extrapolatetion function which was chosen to have the form
to the case oN=Z open-shell nuclei in Ref19]. Analyzing )
three different expansions it has been shown in 2] that f(rij)=1—exd - B(ri—r)]. ©)
they lead to almost equivalent results for important nucleatl. . .
properties. The expressions fefr,r’) are functionals of the he correlation function goes to 1 for large valuesrgf

' ! =|rj—r;| and to O forr;;—0. Apparently, the effect of SRC

spherical harmonic oscillatoaiHO) orbitals and depend on . . )
the HO parameter and the correlation parameter. The value"gtrOOIUCed by the functiori(r;;) becomes larger when the

of the parameters which have been used for the closed—she(if)rre'atlon paramete becomes smaller and vice versa.

- 16 0 : s For our purpose, we represent the one-body density ma-
nuclei “He, *°0, and*"Ca were determined in Rdf20] by trix p(r.r') by the form
a fit of the theoretical charge form factor, derived with the Pty y
same cluster expansion, to the experimental one. For the (¥]0, | ¥')
open-shell nuclei*’C, Mg, 28Si, and 32S new values of p(r,r)=——T—— " =N(¥|O, ¥ )=N(O, ),
these parameters have been obtained to give a better fit to the (W]w) 4
experimental dat@§19]. Moreover, these nuclei were treated )
as 1d shell nuclei and as d-2s shell nuclei. In the latter \wherew’'=w(r; r}, ... r4), Nis the normalization factor

case, theA dependence of the high-momentum components,nq the integration is carried out over the vectorso r

of the momentum distributions becomes quite small. / / P -
: ) andr; tor,. The one-body “density operatoiQ,,, has the
The aim of the present work is to study the bound-stat orm ! A y y op i

overlap functions for open-shell nuclei on the basis of

Jastrow-type one-body density matrices for such nuclei. A A

Next, the resulting overlap functions are tested in the de- O, =2, 5(ri—r)5(ri’—r')H a(rj—r{). (5)
scription of nuclear observables, namely, the cross sections i=1 J#i

of (p,d) reactions or**Mg [25], ?8Si[26], and *°S[25] and .
of the %2S(e,e’ p) reaction[27]. Such an investigation allows | '€ Same one-body operator has been used also irf Z8f.

us to examine the relationship between the OBDM and th Eq. (14) of this referenlc]afor realistic study c.)f t_he nucle_ar
associated overlap functions in that region of nuclei and als ransparency and the distorted momentum distributions in the

to estimate the role of SRC incorporated in the correlatior?erln”nctljus'\;e pro<|:es£éH;(e,e p)ﬁ.t q bodv densit

approach used in the reaction cross section calculations. . n order ,0 evajuate id N ?or:etrz]:l € one-l.o g $n3| yl ma-
The paper is organized as follows. A short description oft"X Poor(r,1"), we consider first the generalized integra

the correlated OBDM of the target nucleus is given in Sec. Il ()= (P|exd al (0)O.., ¥’ 6

together with the procedure to extract the SP overlap func- (@) =(¥|exial (0)0 ]|¥7), ©

tions from it. The results of the calculations are presente@orresponding to the one-body “density operato®; .

and discussed in Sec. lll. The summary of the present workgiven by Eq.(5)], from which we have

is given in Sec. IV.

alnl(a)
Jda

)

Il. THEORETICAL APPROACH (O )= 0
a=

A.C lated -body densit tri . S
orrelated one-body density matrix For the cluster analysis of E¢), after considering the sub-

In order to evaluate the SP bound-state overlap functiongroduct integral§21-23 and their factor cluster decompo-
one needs the ground-state OBDM of the target nucleusition following the procedure of Ristig, Ter Low, and Clark,

which is defined by the expression one can obtain an expression for the,(r,r’) [19],
p(r,r,):Af WH(r Ty, o fW (T T, oo T a) Peor(r, 1" )=N[(Op )1 = Ox(r,r",g1) = OpoAr,r',gp)
+O0Ar,1",0s)]. (8)
Xdry---dra, (1)
The one-body contribution to the OBDMOQy, ), and the
where W(rq,r, ... ra) is the normalized A-nucleon three termsO,(r,r',g)(I=1,2,3), which come from the

ground-state wave function. The integration in Eb.is car-  two-body contribution, have the general forms
ried out over the radius vectors to r, and summation over

spin variables is implied. In the present work, we start from  {Oy)1=psp(r.r'")

a Jastrow-type trial many-particle wave function

1
A =5 2 (21 DGR doi(r')Py(coswr),

‘I’(rl,...,rA)z}'CI)zi];[j frp®(ry, ... ra), ©
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and tionship holds generally for quantum many-body systems
with sufficiently short-range forces between the particles and
is based on the exact representation of the ground-state one-

Ozlrr',g)=4 2 gt oyt (21 1) (21 + 1) body density matrix5]. The latter can be expressed in terms

nili ,n-I-
M of the overlap functionsp,(r), which describe the residual
nlinil: 0 nucleus as a hole state in the target, in the form
X 4Anf|!nj.|1.’ (r,r’,g|)
[N
4, p(rr)=2 ¢o(n)da(r'). (12)

danili ok ,
= 2 (1i010[k0y A (rr ' 6) | |
- In the case of a target nucleus wili=0"* each of the
(10)  bound-state overlap functions is characterized by the set of

quantum numberg=nlj, with n being the number of the

where 7, are the occupation probabilities of the various state with a given multipolarityand a total angular momen-

states,¢n(r) are the radial SP wave functions, and tumj. The asymptotic behavior of the radial part of the neu-
L tron overlap functions for the bound states of the—1)
Ignglak, . , system is given by5,30
Aﬂifﬂ‘;;‘ (11,90 =7 — b1, (N by (1) 4 g ¥5.30
&n1j(r)— Cpijexpl —kn;r)/r, (13

X exg — Br]P, (cosw/,)
where

X * n
fo d’nzlz(rz)d’ 4I4(r2) kn|j:%[2mn(Eﬁﬁl_Eé)]l/z- (14)

X exd — Brali(2Brr,)radr,. _ N

10 In Eq. (14) m, is the neutron mas£y is the ground state

(1D energy of the targeA nucleus, andep; * is the energy of the

The matrix eIementA”3'3”4'4‘k(r,r’,g|) for 1=2 and 3 have nlj state of th(_a A.— 1) ngcleus. For protons some math-
o nylynaly _ ematical complications arise due to an additional long-range

similar structure and are given in Rdfl9]. In the ?bOVe part of the interaction originating from the Coulomb force,

expressionw, is the angle between the vecterandr’ and  put the general conclusions of the consideration remain the
ik(2) is the modified spherical Bessel function. same. The asymptotic behavior of the radial part of the cor-

Expansion(8) of the present work has one- and two-body responding proton overlap functions reads
terms and the normalization of the wave function is pre-

served by the normalization factdd. The expressions of &n1j (1) — Crijexd —Knjjr — 7In(2kpr) 1/r, (19
(O}, )1 and the three two-body tern®,,(r,r’,g)(1=1,2,3)
given by Egs.(9) and (10) depend on the SP radial wave Wherez is the Coulomb(or Sommerfeld parameter andd,;
functions and so they are suitable to be used for analyticdll4) contains the mass of the proton.
calculations with HO orbitals. These expressions were de- The lowesin=n, neutronlj-bound-state overlap function
rived for the closed-shell nuclei witN=2Z, where»,, is 0 is determined by the asymptotic behavior of the associated
or 1. For the open-shell nucldivith N=2), we use the partial radial contribution of the one-body density matrix
same expressions as in Refd9,20, where now @<z,  Pij(r.r')(r'=a—=) and Eqs(12) and(13) lead to the ex-
=<1. In this way, the systematic study of important quantitiesPr€ssion
such as bound-state overlap functions and spectroscopic fac-
tors[9—-12] can be extended to open-shell nuclei within the b= pij(r.a) (16)
factor cluster expansion from Refd9,21-23. noll ChyljeXp(—kn ja)/a’

It should be noted that a similar expression pgg,(r,r’)
was derived by Gaudiet al. [29] in the framework of the where the constant@nou and kn0|j are completely deter-
LOA mentioned in the introduction. Their expansion con-mined bypi;(a,a). In this way the separation energy
tains one- and two-body terms and a part of the three-body

terms so that the normalization property of the OBDM is ﬁzkﬁ I
fulfilled =pAl_pA__ O (17)
. €nglj nglj 0 2m,
B. Overlap functions and their relation to the OBDM and the spectroscopic faCtSﬁou :<¢n0” | (/)nolj) can be de-

The quantities related to thé\(- 1)-particle system, such termined as well.
as the overlap functions, the separation energies and the The applicability of this theoretical scheme has been dem-
spectroscopic factors for its bound states can be fully deteenstrated in Refd.6,9-13 by means of realistic one-body
mined in principle by the one-body density matrix for the density matrices of®0 and “°Ca constructed within differ-
ground state of thé-particle systen{5]. This unique rela- ent correlation methods. In particular, the calculated overlap
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functions corresponding to the OBDM'’s from various ap- TABLE I. Neutron and proton spectroscopic factd¢&F) and
proaches to the CBF theo[$7,31] have shown the substan- separation energiess{ and ¢, in MeV) calculated on the basis of
tial deviation of their shapes with respect to the Hartree-Fockhe one-body density matricgs9] for *Mg, ?°si, *’s, and“’Ca.
(HF) wave functiong10]. The inclusion of short-range and Comparison is made with the experimental def&” and e;*" for
tensor correlations has caused a depletion of the levels belotfie separation energi¢d5-27,41,42
Fermi level which is reflected in the substantial reduction of
the spectroscopic factors for the quasihole states.

Thgs, having the procedure_for calculating such impo_rtanNudeus ni e, P SE € €SP SF
guantities as the overlap functions and the spectroscopic fac
tors one can apply it to the one-body density matrices of"Mg 1p 18.85 19.29 0.9474 1413 14.33 0.9798

Neutrons Protons

some opens-d shell nuclei. In order to reveal better the 1d 16.94 16.53 0.4026 11.02 11.69 0.4586
nuclear structure properties in this region of nuclei and to 2s 18.37 18.89 0.4706 13.63 14.08 0.5414
draw a parallel with the closed-shell ones, it is desirable to?Si lp 21.34 2135 0.8528 1521 15.64 0.9788
test the resulting overlap functions in calculations of one- 1d 17.29 17.18 0.5071 11.49 1159 0.6265
nucleon pickup and knockout reactions, which is the aim of 2s 17.32 17.96 0.3958 12.09 12.43 0.4675
the present paper. 25 1p 2254 22.80 0.7454 15.68 16.29 0.8856

In the end of this section, we would like to note that the 1d 16.98 17.33 05682 9.82 10.13 0.6636
starting point for the present calculations are OBDM'’s which 2s 14.75 1509 04712 853 8.86 05648
include SRC of central Jastrow type, and which have beeroc, 1d 15.45 15.64 0.7691 8.34 833 06729
computed by a cluster expansion to leading order in the cor- 2s 17.86 18.19 08001 10.33 10.94 0.8051

relation function. Similar approach has been very recently
used to study the effects of SRC on thed’p) exclusive
response functions and cross sectifd®]. In both calcula-  extracted overlap functions are not separated with respect to
tions, the radial dependence of the correlated fundiém  the spin-orbit partnerg=1=+1/2. Although the OBDM'’s do
(3)] is restricted to Gaussian like one. As well known not allow to obtain different results fads, and ds;, quasi-
[10,31,33,34 the inclusion of state-dependent correlations,hole states, it is useful in some calculations of reaction cross
in particular of tensor ones, is important when modelingsections for transitions to these states to test the overlap func-
transfer reactions. In addition, long-range correlations shoulggn corresponding to thedLbound state.
also be taken into account in a consistent way. On the other The values of the spectroscopic fact¢&F) and of the
hand, we use in our calculations HO single-particle waveseparation energies for neutrons and protons deduced from
functions, which do not have the correct exponential behavthe calculations are listed in Table I. The separation energies
ior in the asymptotic region, to construct the OBDM. It has (17) derived from the procedure are in acceptable agreement
been already pointed out in previous woif#s,32) that an  with the corresponding empirical ones. As a common fea-
important condition of the numerical procedure is the expo+yre, a substantial reduction of the spectroscopic factors of
nential asymptotics of the overlap functionsrat-« [see the states which are below the Fermi levadf the
Egs.(13) and(15)], which is related to the correct asymptot- jndependent-particle picturés observed for all nuclei con-
ics of py;(r,r') atr’—ce. This imposed the development of sijdered due to the short-range NN correlations and their par-
a method, though not unique, in R¢6] to overcome the ticular open-shell structure. For instance, the values of the SF
difficulties arising from the HO single-particle wave function for the states with=0 andl =2 are much smaller than the
asymptotics. The condition for the correct asymptotics is fulyajues obtained for the=1 state. The particular features of
filled in Refs.[11,32 by using of a SP basis obtained with a the nuclear structure in thes2ld region (in which the Ip
Woods-Saxon potential. The use of HO wave functions in thetate is not a valence onare responsible for the larger re-
present work instead of more realistic Woods-Saxon onegyction of the spectroscopic factors of the levels, though
following the method from Refl6] allows us, however, to  partly occupied, in these opend shell nuclei in comparison
obtain analytical expressions for the OBDM’s. At present, noyith the “more occupied”  quasihole state. It can be also
model correlated one-body density matrices treating opegeen from Table | that the trend of the calculated SF for
s-d shell nuclei are available except that of REf9] and,  proton bound states follows that one corresponding to the
therefore, this work should be considered as an initial atpgytron overlap functions.
tempt to study the relative importance of the effects of both e would like to note the larger reduction of the spectro-
SRC and particular structure of these nuclei on overlap funcscopic factors corresponding to quasihole states of the open-
tions, spectroscopic factors, and reaction cross sections.  ghell nuclei considered in comparison with the spectroscopic
factors for the states in closed-sh&tD [6,10] and “°Ca[6]
IIl. RESULTS OF CALCULATIONS AND DISCUSSION nu_clei _when S.RC.are taken into account._To discuss this
point, first we give in Table | the spectroscopic factors for the

The one-body density matricé) constructed by using of 1d and % quasihole states of the closed-shCa deduced
factor cluster expansion have been applied to calculate nefrom the one-body density matrix calculations within the
tron and proton overlap functions including NN correlationssame Jastrow approa¢h9] used in the present work. For
and related to possiblept, 1d-, and Z-quasihole states in  comparison, the SRC accounted for within the LOA to the
the Mg, 28Si, and®2S nuclei. We note that in our work the Jastrow correlation methdé] produce spectroscopic factors
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of 0.892 for the H state and 0.956 for thes2in “°Ca  energy prescriptiofSEP and different sets of proton and
nucleus. It turns out that the method from Rf9] leads to deuteron optical model parameters. The optical potential is

a suppression of the spectroscopic factors for the closed-shélgfined to be

40Ca nucleus. The reason for the different SF values could be q
related to the details of the calculations with the Jastrow Vopt:_vf(xo)_i(w_ AWp —
approach, when using the two cluster expansions. Particu- dxp
larly, they concern the truncation of the expansions men-

tioned already in Sec. Il, which causes a different account for —(
the SRC(although they are of the same Jatrow tymes well

as the different asymptotic behavior of the OBDM obtained h

. . o ) ere

in both expansions. In our opinion, the mentioned features of

the method from Ref.19] lead to an additional reduction of N N1-1 oy ALy 4

the values of the SF for open-shell nuclei as well. To support o) =[1+expoq)] 7, xi=(r=rAT/a, (19

this, we woul_d I|k(_a to note the comparison of both cluster, 4 V. is the Coulomb potential of a uniformly charged
expansions given in Ref24] on the example of the nucleon sphere of radius ,AY3. The proton and deuteron optical
momentum distributionsi(k) of various nuclei. The high-  model parameters we use are those dlfiiaand Fagerstra
momentum tails of(k) obtained using LOA7] underesti- [25] for 24Mg and 3%S and those of Sundberg and ke
mate the corresponding ones obtained with the use of theg] for 28s; atE,=185 MeV incident energy.

cluster expansion of Clark and co-workétg] for the nuclei The results for the differential cross sections for the
considered. In this way, the smaller values for the spectro-24Mg(p,d), 283j(p,d), and 32S(p,d) reactions at incident
scopic factors derived in the present work within Rdf9] proton energyE,= 185 MeV compared with the experimen-
for both_ closed- and open-shell nuclei reflect the strongefy| gata are presented in Figs. 1, 2, and 3, respectively. In
accounting for the SRC and can be understood. As a coMsach panel, the results obtained with overlap function, with
mon feature, the spectroscopic factors for $het open-shell  pound-state wave function following the standard DWBA
nuclei are smaller than those for the closed-shell nuclei.  hrgcedure within the SEP and with uncorrelated shell-model
Second, in order to check our theoretically calculatedyaye function are plotted. As can be seen, in general, the use
spectroscopic factors it is useful to compare them with somey overlap functions derived from the one-body density ma-
single-particle occupation probabilities available for the con+yix calculations leads to a qualitative agreement with the
sidered H-2s shell nuclei. The_HF calculations pe;rformed in experimental data reproducing the amplitude of the first
Ref.[35] for the (p,p’) scattering analyses treating protons maximum and qualitatively the shape of the differential cross
and neutrons equivalently yield values of 0.479 and 0.682section. In this case no extra spectroscopic factor is needed,
respectively, for the ds, fractional occupancies of*Mg  since our overlap functions already include the associated
and “Si. The 2,, proton occupancy of 0.69) derived for  gpectroscopic factors. In the examples of some reactions the
%S was reported in Ref36]. As can be seen from Table | standard DWBA form factor is also able to reproduce the
our calculated spectroscopic factors for these states aihape of cross sections, while the uncorrelated wave func-
smaller than the resulting occupancies, thus, satisfying thgons fail to describe correctly neither the size nor the shape
general propertyS,;<Np ™, i.e., in eachlj subspace the of the angular distributions. The differences between the
spectroscopic facto,; is smaller than the largest natural three types of calculations are observed mostly at larger
occupation numbelr&lnmljfiX [5]. angles where the curves corresponding to the uncorrelated
Generally, the values of the spectroscopic factors foicase overestimate substantially the experimental data. Thus,
open-shell nuclei are influenced by the presence of SRC athe relevant importance of SRC included in our approach
counted for in our OBDM similar to the case of the closed-becomes clear for a correct description of pickup processes
shell nuclei. However, in our approach an additional reducand this makes it possible to conclude that the replacement
tion of the spectroscopic factors for oped-2s shell nuclei  of the overlap integral by a single-particle wave function is a
takes place because the SF contain themselves a structuraigh approximation.
information for the noncomplete shell occupancy in these We would like to note that our results for thp,f) cross
nuclei. This conclusion is confirmed by the check of thesections with the use of overlap functions are obtained with-
normalization condition for the OBDNIEg. (12)]. out any additional normalization, while the standard DWBA
The DWBA calculations of the pickup reactions on the curves and those corresponding to the uncorrelated case need
considered open-shell nuclei were performed using then adjustment by a fitting parameter, i.e., the phenomeno-
DWUCK4 code[37] assuming zero-range approximation for logical spectroscopic factor. The values of these spectro-
the p-n interaction inside the deuteron. The same approackcopic factors are given in Table Il and can be compared with
has been adopted in previous analysesptl] reactions on  our theoretically calculated spectroscopic factors from Table
160 [9,10] and 4°%Ca[9,11]. The values of the optical poten- |. For instance, the values of the phenomenological spectro-
tial parameters have been taken in each case to be the saswopic factors deduced from the traditional DWBA calcula-
as in the corresponding standard DWBA calculations. tions for the transitions to 5/2and 3/2 in Mg are very
The standardwuck4 procedure is performed by calcu- close to the empirical values obtained in R&5], although
lating the bound-neutron wave function using the separatioma clear physical interpretation could not be done.

f(Xp)

ho\? 1d
m_c Vs.o.(L'U)Faf(Xs.o.)+Vc- (18
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**Mg(p,d)*Mg

10°¢

3/2"
E,=0.0 MeV]

5/2'7
E,=0.45 MeV

1/27
EX=2.76 MeV]

10 20 50

6__ [degree]

FIG. 1. Differential cross section for théMg(p,d) reaction at
incident proton energf,= 185 MeV to the 3/2 ground and to the
5/2" and 1/2 excited states if®Mg. The neutron overlap func-
tions are derived from the OBDN&olid line). The calculated stan-

dard DWBA curve(dotted ling and the uncorrelated SM result

(dashed ling are also presented. The experimental d&&| are
given by the full circles.

PHYSICAL REVIEW C 66, 064308 (2002

**Si(p,d)*’Si

do/dQ [mb/sr]

T —— -
0 10 20
6, [degree]

30 40

FIG. 2. Differential cross section for th#&Si(p,d) reaction at
incident proton energf,=185 MeV to the 5/2 ground state in
27Si. The neutron overlap functions are derived from the OBDM
(solid line). The calculated standard DWBA curotted ling and
the uncorrelated SM resu(tashed ling are also presented. The
experimental daté26] are given by the full circles.

state already includes the spectroscopic factor of (kde
Table ). Moreover, at larger angles our calculations lead to
better agreement with the experimental data comparing with
the standard DWBA analysis. In the latter, the overlap func-
tion is replaced by a SP wave function corresponding to a
given mean-field potential. In such calculations M cor-
relations are included approximately by adjusting the mean-
field potential parameter values. Another reason for the ob-
served discrepancies in R¢R5] is that a spherical potential
has been used for generating the bound-neutron state in
DWBA instead of a more realistic deformed one. We would
like to mention herehe principal role of the overlap function
for the good description of the differential cross sectfon

the transition to the ground 3/2state in?*Mg. It is obtained

on the basis of a correlated OBDM and allows one to ac-
count for the short-range correlations in the case of pickup
reaction. The results of the calculations carried out addition-
ally for the transitions to the excited states are less satisfac-
tory for angles larger than ten degrees. One of the reasons for
this is the unrealistic(HO) asymptotic behavior of the
Jastrow-type OBDM19] which has been used to calculate
the overlap functions following the method described in Sec.
Il. Concerning the similarity of the shape of the theoretical
curves(though different by one order of magnityda the

Figure 1 shows the differential cross sections for the tranupper and middle panels of Fig. 1, we note that for the
sitions to the ground 3/2 state and to the excited 5/2at

excitation energy E,=0.45 MeV) and 1/2

(at E,

ground state the ds,, overlap function is needed while for
the first excited state thedl,, overlap function is needed.

=2.76 MeV) states irf®Mg nucleus. A comparison with the The usage of a commondloverlap function in our work
experimental data from Ref25] is also made. As can be obviously gives a larger deviation from the data for the latter
seen our calculations using the overlap function for the tranease. On the other hand, a large fragmentation of the single-
sition to the ground 3/2 state agree fairly well with the particle strengths is a common feature of the studisd @
experimental angular distribution for the same transition renuclei. For example, pickup from thepl,, and 1ps, sub-
producing the amplitude of the first maximum and qualita-shells in Z-1d nuclei has been an intriguing topic from ex-
tively the shape of the differential cross sectivve empha-
size that this result is obtained without any additional observed in**Mg.

normalization since the calculated overlap function for3/2

perimental point of view[25] indicating several fh states

Figure 2 shows the ground-state differential cross section
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32 31
S(p.d)”S
10’ . . 10'
1/2* 3/2*
s T, E,=1.24 MeV{10°
““““ 10"
10 FIG. 3. Differential cross section for the
—_ 5(p,d) reaction at incident proton energy,
2 . 107 =185 MeV to the 1/2 ground and to the 312
= 2 — N . 5/2*, and 1/2 excited states iff'S. The neutron
o 10 5/é+ . 10 overlap functions are derived from the OBDM
% 10k e E =2.24 MeV E -7.71 Mevi1¢® (solid line). 'I_'he calculated standard DWBA
© e e SN * curve(dotted ling and the uncorrelated SM result
107 : 10" (dashed lingare also presented. The experimen-
, SN T . tal data[25] are given by the full circles.
10° ., 10°
10* ) R ET
-4 " N " N ) N N -4
%% 10 20 30 40 0 10 20 30 40 10

8, .. [degree]

Ry is shown. The best agreement with the experimental data
is achieved with the value dR;=0.80 fm giving also the
best DWBA fit in Ref.[26]. It can be noted that the choice of
3/2" (at E,=1.24 MeV), 5/2 (at E,=2.24 MeV), and the radius of the real part of the deuteron optical potential
1/2- (atE,=7.71 MeV) states ir’’S nucleus are shown in Within the interval from 0.65 fm to 0.95 friconsidered in
Fig. 3. In general, a quantitative agreement of the calculathe standard DWBA analysgsloes not influence strongly
tions with the experimental cross sections in the region of théhe good overall agreement of the cross sections obtained by
first maximum is obtained for all states of the residéd4i  means of the theoretically calculated overlap function with
and 'S nuclei. The presence of admixtures of various state§1e experimental data. Apart from the shown sensitivity of
observed in the ground state S [25] is responsible for a the calculations to the deuteron optical potential, in general,
poorer description of thesep(d) data. The behavior of the We should mention that thep(d) reaction is more sensitive
theoretically calculated angular distribution and the comparif0 the reaction mechanism adopted than to the choice of the
son with the data for the transition to the Strong|y excitedbound'state wave function. NevertheleSS, it is seen from Flg

of the reaction 28Si(p,d)?’Si with 1dg, neutron pickup,
while the angular distributions of the reactidfS(p,d)3's
for the transition to the ground 1/2state and to the excited

1/2-
*Mg(p,d)*Mg.

are similar

to

those

for =1

transfer in

In order to see the sensitivity of the results to the optical
potential parameters, we examine the transition to the ground
5/2" state in?’Si nucleus. In Fig. 4 three different theoretical
curves are given with respect to deuteron optical potential

parameter values used in the calculations. Particularly, the

4 that our theoretically calculated overlap function corre-

Si(p,d)*’Si

10"

e
effects of changing the radius of the real part of this potential g
TABLE Il. Phenomenological spectroscopic fact@syga de- -g-
duced from the standard DWBA calculations &g, deduced from %
the calculations with uncorrelated shell-mod&M) OBDM's of D)
Ref.[19] for the reactions considered in Figs. 1-3. O
Reaction nl; SowBA Ssm
-3 1 n 1 I 1 1
Mg(p,d)*Mg 1dg 0.25 0.10 10 10 20 30 40
1dg, 2.50 1.00 0__[degree]
1pyip 1.11 0.75 cm.
zzSi(p,d):;Si 1ds) 2.13 2.13 FIG. 4. Differential cross section for th&Si(p,d) reaction at
S(p,d)*'S 25y 0.33 0.56 incident proton energy,= 185 MeV to the 5/2 ground state in
1d3;, 1.43 1.00 27sj. Line convention referring to calculations using different opti-
1ds;, 4.00 1.00 cal potential parameter values and neutron overlap function derived
1py1s 1.00 0.11 from the OBDM is given(see also the textThe experimental data
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lated on the basis of the Jastrow-type OBDM&8 and does
not contain any free parameterlt can be seen from Fig. 5
that our spectroscopic factor of 0.5648 gives a good agree-
¥ ment with the size of the experimental cross section and, in
] addition, it is in accordance with the integrated strength for
the valence 8,,, shell in 32S[27] which amounts to 65)%
E of the SP strength obtained using the shell-model bound-state
] function. The result for the®’S(e,e’p) cross section ob-
tained with the harmonic-oscillator bound-state wave func-
tion is also illustrated in Fig. 5. It has been computed with
the same oscillator parameter valbe=2 fm for the X,
ground-state wave function as in the original calculations of
. : the OBDM without SR 19]. In order to perform a consis-
-300 -200 -100 0 100 200 300 tent comparison with the result when considering theoreti-
p,, [MeV/c] cally calculated overlap function, we have applied the same
spectroscopic factor of 0.5648. In this case, the size of the
) oo /. reduced cross section is also reproduced, but the HO wave
function of the missing momentuy, for the transition to the 1/2

1 o . function gives much worse description of the experimental
ground state of*P. The proton overlap function is derived from the d 271 Th th . de in Eia. 5 sh h
OBDM (solid line). The result with the uncorrelate@HO) wave . ata[27]. Thus, the comparison made N Fg. > shows the
function is given by dotted line. The experimental détal circles) important role of f[h(_e SRC accounted for .m our approach for
are taken from Ref[27]. the correct description of knockout reactions.

We have also performed calculations for the transition to
sponding to the d bound state is able to reproduce well the the excited Hl5;, state atE,=2.234 MeV and have found in
absolute cross section. good agreement with the shape of the experimental momen-

We have analyzed thep(d) pickup reaction in?*Mg, tum distribution. In our opinion, however, the comparison for
283j, and 3?S at proton incident energy of 185 MeV. Unfor- the 1d states is not very meaningful since our approach can-
tunately, little is known about the deuteron optical potentialsnot discriminate between thik,, andds, states and the pro-
at high energies and the discrepancies with the experimentan overlap function is calculated for thel state. From the
data might be partly attributed to the uncertainties in theexperimental point of view, it is noted in R€R7] that it is
determination of the optical potentials. This also makes dif-also impossible to distinguish strengths originating from both
ficult to separate clearly the role of the overlap functionsid shells for the integratet=2 strength. In this sense, our
associated with the single-neutron bound states. We emphgpectroscopic factor of 0.6636 fits the integrated spectro-
size, however, the important general necessity the overlagcopic strength well in thed shell up to 24 MeV excitation
functions to be calculated on the basis of realistic OBDM'senergy(the value 6.0450) from Table V in Ref.[27]), thus,

and only then the sensitivity to all other ingredients of therepresenting a depletion of about 60% of the full ghell.
theoretical schemes to be analyzed.

It turned out from the previous analyzes of one-nucleon
removal reaction$11,12 that the quasifree nucleon knock-
out is more suitable to investigate the role of overlap func-
tions as bound-state wave functions. An example of electron- The results of the present work can be summarized as
induced proton knockout froni’S for the transition to the follows:
ground 3, , state of 3P is given in Fig. 5. Calculations have (i) Single-particle overlap functions, spectroscopic fac-
been done with the codmveePY[38], which is based on the tors, and separation energies are calculated from the Jastrow-
nonrelativistic distorted wave impulse approximationtype one-body density matrices, which were derived using
(DWIA) description of the nucleon knockout process andfactor cluster expansion, for the ground state of the open-
includes final-state interactions and Coulomb distortion ofshell 2*Mg, 28Si, and32S nuclei.
the electron wave§39]. The latter has been treated with a (i) Taking into account both short-range correlations and
high-energy expansion in inverse powers of the electron erspecific nuclear structure it is found that the deduced spec-
ergy [38]. In the figure, the result obtained with the proton troscopic factorsS;; of the hole states of open-shell nuclei
overlap function for the & state of3°S and the optical po- in our particular Jastrow approach are substantially smaller
tential from Ref.[40] is compared with the NIKHEF data than those of the closed-shell ones satisfying at the same
from Ref.[27]. A reasonable agreement with the experimen-time the general relation with the natural occupation prob-
tal data for the reduced cross section is obtained. In thabilitiesN,;, namely,S;;;< m?x.
analysis of Ref[27] the calculations are performed within (i) The absolute values of the differential cross sections
the same DWIA framework and with the same optical poten-of (p,d) reactions on?*Mg, 28Si, and *2S as well as of
tial, but a phenomenological single-particle wave function is®?S(e,e’p) reduced cross section are calculated by using the
used with a radius adjusted to the daie emphasize that in theoretically obtained overlap functions which already con-
the present work the overlap function is theoretically calcu-tain NN correlations. The acceptable agreement with the

10-1='|....|....|....|....| ...|...l'.|.'=

FIG. 5. Reduced cross section of tf&S(e,e’p) reaction as a

IV. CONCLUSIONS
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experimental data shows that this method is applicable alssions about the role of the SRC in open- and closed-shell
to the case of open-shell nuclei. The description of the crossuclei can be drawn.

sections might be improved including the deformation ef-

fects in the even-everi=N nuclei in the Z-1d region. ACKNOWLEDGMENTS
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