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An approach to the generator coordinate mett@&M) using Skyrme-type effective forces and Woods-
Saxon construction potential is applied to calculate the single-particle proton and neutron overlap functions in
40Ca. The relationship between the bound-state overlap functions and the one-body density matrix has been
used. These overlap functions are applied to calculate the cross sections of one-nucleon removal reactions such
as @,e'p), (y.p), and (p,d) on “°Ca on the same theoretical footing. A consistent description of data for the
different reactions is achieved. The shapes of the experimental cross sections for transitions to ¢ineudia
state and the first 1/2excited state of the residual nuclei are well reproduced by the overlap functions obtained
within the GCM. An additional spectroscopic factor accounting for correlations not included in the overlap
function must be applied to the calculated results to reproduce the size of the experimental cross sections.
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[. INTRODUCTION culations of other single-particle properties, such as one-
body overlap functions, which are necessary in the calcula-
Experiments on nuclear reactions accompanied by ondions of cross sections of one-nucleon removal reactions.
nucleon removal fronf°Ca (e.g., Ref[1—4]) have accumu- It is known that, in general, when going from light to
lated much spectroscopic information on its nucleon-holdeavier systems the collectivity becomes stronger. Because
spectral density function and, generally, on the single-of its undeformed closed-shell structure, the medium-heavy
particle aspects of nuclear structure. From the theoreticaf®Ca nucleus is one of the few nuclei for which microscopic
point of view two topics in the analyses of these processesalculations can be performed. For instance, only recently
are of significant interest and have been mainly studied: théhe Fermi hypernetted chain theory has been extended to
reaction mechanism and the ground-state correlation effectgescribe the ground-state properties*®€a[11]. Therefore,
The latter can be successfully considered by using the uniquié is very attractive to probe its “doubly magic” character
relationship between the overlap functiof@F) related to  also in calculations of different types of one-nucleon re-
bound states of theA(— 1)-particle system and the one-body moval reactions. As a first step differential cross sections for
density matrix©ODM) of the A-particle system in its ground the “°Ca(p,d) pickup reaction have been calculated[ir2]
state[5]. This makes it possible to investigate the effects ofwith overlap functions obtained from the ODM in the Ja-
the various types of nucleon-nucleon correlations included irstrow correlation methodJCM) [13]. Although only short-
the ODM on the bound-state proton and neutron overlagange correlations have been included in the OF, it was
functions. shown that the angular distributions obtained are in a quali-
In our recent workgd6,7] a consistent study of overlap tative agreement with the empiricgh,d) data for the tran-
functions and one-nucleon removal reactions 8@ using  sition to the ground state of the residual nucleus. These re-
different correlation methods has been carried out and consults have clearly pointed out the necessity of inclusion of
parison with the experimental data has been performed. lanother kind ofNN correlations, namely the long-range cor-
our previous calculations we used methods which accourtelations, corresponding to collective degrees of freedom.
mainly for short-range and tensor nucleon-nucleon correlaBetter agreement with the experiment#iO(e,e’p) and
tions. It is desirable, however, to take into consideration alsd®O(y,p) data was achieved in Rdf7], where it was con-
correlations originating from the collective motion of the cluded that the long-range correlations affect the spectro-
nucleons. This was partially done for th& nucleus in Ref.  scopic factors causing an additional depletion of the quasi-
[7]. In this respect, the various applications of the generatohole states.
coordinate method to nuclear problefiés-10] have shown The main aim of the present work is to study the effects of
its efficiency as a potential source of information on nucleonthe nucleon-nucleon correlations included in the generator
nucleon correlations in nuclei. The results on the one- andoordinate method on the behavior of the bound-state proton
two-body density and momentum distributions, occupatiorand neutron overlap functions if°Ca and of the related
probabilities, and natural orbitals obtained within the GCMone-nucleon removal reaction cross sections. We first calcu-
using various construction potentidl$0] have shown that late both proton and neutron single-particle overlap functions
the nucleon-nucleon correlations accounted for in thisand spectroscopic factors on the basis of the corresponding
method are different from the short-range ones and are rath@roton(with included Coulomb interactigrand neutron one-
related to the collective motion of the nucleons. It wasbody density matrices of thé°Ca nucleus obtained with
pointed out that these correlations are also important in calsCM using the relationship between the ODM’'s and the
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overlap functions. Second, these bound-state OF are used where ¢, (r,Xx) are the single-particle wave functions corre-
calculate the cross sections of th¥Ca(e,e’p), *°Ca(y,p), sponding to a given construction potential by means of
and “°Ca(p,d) reactions. Thus it becomes possible to inves-which the generating single Slater determinant wave function
tigate the role of the correlations related to collective nucleonb ({r;},x) is built. The matrixN;Ml(x,x’) in Eq. (6) is the
motions and accounted for in the GCM on the overlap funcinverse matrix of

tions and one-nucleon removal cross section®@a also in

comparison with data.

In Sec. Il we give the basic theoretical relationships nec- NW(X,X’)=f ey (r,x)e,(r,x")dr. (7)
essary to obtain the one-body density matrix in GCM and the
bound-state overlap functions by means of the asymptotic
behavior of ODM. The results of the calculations of overlapOn
functions and cross sections of,€'p), (y,p), and (,d)
reactions on“*°Ca are presented and discussed in Sec. Il
Section IV contains the concluding remarks.

As is known, the results of the GCM calculations depend
the type of the construction potential used to define the
single-particle wave functiong, (r,x). In the present work
we choose the Woods-Sax@¢wS) potential as a construc-
tion potential with the diffuseness parameter as a generator
coordinate. The GCM scheme, which has been already
Il. THE THEORETICAL SCHEME adopted in Ref[7], gives a very good agreement with the
A. The GCM ground-state one-body density matrix data for the*®O(e,e’p) and *°O(y,p) reaction cross sec-
. tions. In our present calculations the Skyrme-type effective
_ We start from a standard GCM-typeparticle wave func-  ¢41ce Sk [16] is used, with parameters which give realis-
tion \If when one real generator coordinatés considered . binding energy of*°Ca obtained from the Hill-Wheeler
[14], i.e., equation. The agreement of the calculated basic nuclear char-
" acteristics with their empirical values obtained in Réf0],
\If({ri}):f f)D{ri},x)dx, i=1,...A. (1) proved once more the reliability of these effective forces,
0 which are also used in the present study.

In Eq. (1) ®({r;},x) is the generating functiorf,(x) is the '
generator or weight function arlis the mass number of the  B. The overlap functions for the proton and neutron bound

nucleus. states
The application of the Ritz variational principléE=0 For a correct calculation of the cross section of nuclear
leads to the Hill-Wheeler integral equati¢h4,15 for the  reactions with one-neutron or one-proton removal from the
weight function and the energy of the system target nucleus, the corresponding overlap functions for the
. neutron and proton bound states must be used in the reaction
f [H(x,x")—El(x,x")]f(x")dx' =0, (2) amplitudes. The construction of the ground-state ODM of
0 4%Cca from the generator coordinate method calculations

makes it possible to apply the procedure for extracting

where single-particle overlap functior&]. Here we would like to
N - , remind the reader that the single-particle overlap functions
Hx XD =(@ri})[H| P ({ri}.x")) ) are defined by the overlap integrals between eigenstates of
and the A particle and the A—1)-particle systems:
, , —(\p(A-1) (A
106X = (@i} x| ({1} X)) (4) a0 =(¥ o Tamv), ®)

are the energy and overlap kernels, respectively Faisithe whe_re a(r) iS_ the ann_ihilation operator for a nucleon \_Nith
Hamiltonian of the system. Solving the Hill-Wheeler equa-spatial coordinate (spin and isospin operators are implied

tion (2) one can obtain the solutionfy,f;, ..., for the Inthe mean-field approximatiolf ™ and¥ 1) are single
weight functions which correspond to the eigenvalues of theSlater determinants, and the overlap functions are identical
energyEq,Eq, ... . with the mean-field single-particle wave functions, while in
The corresponding ground-state one-body density matrixhe presence of correlations bot” and\If&A_l) are com-
is given by(see, e.g., Ref9)) plicated superpositions of Slater determinants. In general, the
overlap functiong8) are not orthogonal. Their norm defines
p(r,r’)=j J fo(X)Fo(X' )1 (XX ) p(3,X" 1,1 ") dxdX, the spectroscopic factor
© Su= (bl ba)- (9)
with ] ) ] ]
The normalized overlap function associated with the state
A4 then reads
p(XlX’lrir,):4)\2 1 [Nil(xax,)],u‘)\(p:(rax)(P,u.(r’lX’)a
= ~ -
() $a(1) =S, (1. (10

014605-2



GENERATOR COORDINATE METHOD CALCULATIONS OF . .. PHSICAL REVIEW C 64 014605

The one-body density matrpe.g., Eq.(5)] can be expressed In this work we use as a basis the GCM results for the
in terms of the overlap functions in the form correlated states of’Ca obtained in Ref10], where corre-
lations due to collective nucleon motion are properly taken
, , ~ ~ into account. The procedure to calculate the overlap func-
pr.T ):g P (1) alr ):g Saba (N dalr’). tions from the one-body density matrix outlined above is
(1D performed numerically for*®Ca within the GCM. In this
respect we would like to note that an important condition of
It is known (e.g., Ref[17]) that the overlap function as- this procedure is the exponential asymptotics of the overlap
sociated with the bound statex&nlj) of the (A—1)- or  functions atr’ — [see Eqs(12) and(14)], which is related
(A+1)-nucleon system is an eigenstate of a single-particl¢o the correct asymptotics gfj;(r,r') atr’—-co. This con-
Schralinger equation in which the mass operator plays thedition is fulfilled in our GCM approach by using realistic
role of a potential. Due to its finite range, the asymptoticsingle-particle Woods-Saxon wave functions in the generat-
behavior of the radial part of the neutron overlap functionsing single Slater determinant wave functid{r;},x) in Eq.
for the bound states of theA(- 1) system is given bj5,18]  (1). The exponential decay of the partial radial ODM is with
a decay constark,; related to the separation enerpq.
Dnij(r)— Cpjj exp(—Kp;r)/r, (12)  (13)]. The question about the correct asymptotic behavior of
the extracted overlap functions will also be discussed in Sec.
wherek,; is related to the neutron separation energy M.

K :_Vznf;‘fn'i, en=EG V- ES. (13) Ill. RESULTS AND DISCUSSION
In the present paper the GCM numerical calculations have
For proton bound states, due to an additional long-range paheen performed using Woods-Saxon construction potential
originating from the Coulomb interaction, the asymptotic be-with diffuseness parameter as a generator coordinate. The
havior of the radial part of the corresponding proton overlapvalues of the radius and the depth of the construction poten-
functions reads tial have been fixed. Following Ref20], the value of the
depth used for both neutron and proton cases has been taken
Dnij(r)—Cpjj exd —Kpijr — 7 In(2kpr)1/r, (14 to be 50 MeV, while the corresponding values of the poten-
tial radius are 1.30 fm for the neutron and 1.24 fm for the

where is the Coulomk{or Sommerfeld parameter and,; proton case, respectively. The effective SkNhteraction
in Eq. (13) contains in this case the mass of the proton and16] is used, with parameter set values,= —2645¢,
the proton separation energy. =410t,= —135f3=15595¢= 1/6), which give the realistic

Taking into account Eqgs(11) and (12), the lowest ( binding energy of*’Ca obtained from the Hill-Wheeler
=ng) neutron bound-statk -overlap function is determined equation(2). A discretization procedure is performed in or-
by the asymptotic behavior of the associated partial radiatler to solve this integral equation using a set of regular mesh

contribution of the one-body density matrpy;(r,r') (r’ points with steps as well as ranges of values of the generator
=a—») as coordinate which lead to the convergence of the results, i.e.,
the latter do not change after decreasing the step size or

pii(r,a) increasing the range of the generator coordinate value. The

bngii (1) = Chylj €XH—kn ja)/a’ (15 range of variation of the diffuseness parameter turns out to

be within the interval 0.49-0.9072 fm. The ground-state en-
ergy and the excitation energy of the first monopofediate

. : . of #%Ca derived from the procedur840.07 and 20.4 MeV/
mined bypj;(a,a). In this way the separation energy;  are close to the corresponding experimental val@®.06
and the spectroscopic fact8y, ; can be determined as well. and 20.0 Me\[21], respectively. Likewise, in Ref[10] the
Similar expression for the lowest proton bound-state overlagame GCM scheme gives a value for the excitation energy of
function can be obtained having in mind its properthe 0" breathing state it®0 which is in a good agreement
asymptotic behavio(14). with the result obtained in Ref22].

The applicability of this theoretical procedure has been The one-body density matris) constructed within the
demonstrated in Refd6,7,13. In particular, it has been GCM approach has been applied to calculate overlap func-
shown [7] that the substantial realistic inclusion of short- tions related to the quasihole states in t€a nucleus. In
range as well as tensor correlations in the ODM'% con-  our method the extracted overlap functions for a given or-
structed within the Green function meth¢dl9] and, as a bital momentuml are the same for the differeft=1+1/2.
conseqguence, in the extracted overlap functions, leads to ldereafter the overlap functions for the neutron and proton
fair and consistent description of the experimental cross sectd and X states will be of particular interest: transitions to
tions of the'®O(e,e’ p) and 10(y,p) reactions. The impor- the 3/2° ground state and the first I72excited state of the
tance of collective long-range correlations on the additionatorresponding residual nuclei observed ffiCa(e,e’p),
spectroscopic factors extracted in comparison with data ha&’Ca(y,p), and “°Ca(p,d) reactions will be considered. The
been also pointed out in Ref7]. squared overlap functiorjs ¢(r)|? for the neutron and pro-

where the constant€, ; and knoli are completely deter-
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10" — . ———— ———————T TABLE I. Neutron (e,) and proton €,) separation energig
— neutrons 1 MeV) calculated on the basis of the one-body density matrix for
_10'F T TN - protons 4 40Ca within the GCM. Comparison is made with the Hartree-Fock
‘TE , (HF) [23] single-particle energies, JCM results3], and with the
= q0° 1 experimental datéexp) [23]. The HF and exp. values are given for
= 1 the dy), state.
= 10° 1
£ - ] €n €p
3 nl GCM HF JCM  exp. GCM HF exp.

1d 15.84 1752 2475 15.64 8.69 10.33 8.33

neutrons 1
protons 2s 14.15 19.51 13.07 18.19 7.39 1242 10.94
=
£ 1
= 1 and 1p quasihole states, not presented in the figure. This
8 L result justifies the approximation of using shell-model orbit-
£ E als instead of overlap functions in calculating the nucleon
3 .
k knockout cross section for these nuclear states. Nevertheless,
100 as has been pointed out in previous wofBs7], the calcu-
o 2 4 r6[fm]8 10 12 14 lated cross sections of one-nucleon removal reactions are

very sensitive to the differences in the corresponding overlap

FIG. 1. |r é(r)|? for the neutron and protondi(a and 25 (b) ~ TUNCtions. _ _
quasihole states ifi°Ca obtained with GCM. The normalization is | "€ values of the neutron and proton separation energies
[42(r)r2dr=S. derived from the procedure mentioned above are listed in

Table I. It can be seen that the separation energies obtained

. . — within the GCM are very close to the experimental values for
ton 1d and X quasihole states are illustrated in Fig. 1. Theythe 1d state of “Ca an)::i are anyhow t?etter than the JCM

have the correct asymptotic_be_havior relate_d to th_e EXPONEIG Sult fore, in the 2s state. In addition, we present the sepa-
“‘?" decrease of the ODM in its asymptotic region, belngration energy values obtained within the mean-field approxi-
different for protons and neutrons. The latter is in accordanc%aﬂon(the Hartree-Fock methd@3]). We should note that
Wl'éz tr;g ?;(plfr:L)Tvint?rI]eprg:\?nzrll?ronneL;téogrzggﬁrztr:%r: en]%rt'he differences between the latter and those from both corre-
ges. ’ P 9 Of5tion methods are dependent on whether the nucleons are in

200, i i .
Ca is almost twice Ia_rger_ than the one proton one_ar_1da valence orbital or not. Here we would like to note also that
therefore, the asymptotic tail of the GCM density matrix ISthe use of Woods-Saxon wave functiofisstead of, e.g

dominated by the contribution from the proton overlap be'harmonic-oscillrcltor wave functions as in the JCM calcula-

tween the*°Ca and*K ground-state wave functions, where . : -
the role of the Coulomg interaction is important tion), which have the proper exponential-type decay, leads to
Th ) 2 calculat dp ith t.h GCM a correct asymptotic behavior of the extracted overlap func-
€ comparison oi}r¢'(r)| caicuiated wi e tions with satisfactory separation energies of the quasihole
overlap functions and with the shell-model Woods-Saxonstates

wave functions for the neutron bound states is given in Fig. The values of the spectroscopic factors deduced from the

f2. St)mﬂlltélﬁersngest t;etw?rin the tW(.) funlgélorlls c;:m thsleeﬁumerical procedure turn out to be very close to unity. This
orbo an states. The same Is valid aiso for is not surprising, because tensor and short-range nucleon-

nucleon correlations are not included in the GCM. As is
known, these correlations are responsible for the bulk part of
the depletion of the occupied statgs. The values of the
spectroscopic factors derived from the Jastrow correlation
method[13], where short-range correlations are included, are
0.892 for the H state and 0.956 for thes2state, respec-
tively.

The reduced cross sections for thCa(e,e’p) reaction
as a function of the missing momentuyy,, i.e., the magni-
tude of the recoil momentum of the residual nucleus, for the
transitions to the 3/2 ground state and the first 172xcited
state(at excitation energf,=2.522 Me\j of 3K are dis-
played in Figs. 3 and 4, respectively. Calculations have been

FIG. 2. |r¢(r)|? for the neutron @l and 2 quasihole states in done with the cod®weEPY [24], which is based on a non-
40Ca obtained with GCM overlap functiogsolid line) and Woods- ~ relativistic distorted wave impulse approximatioBWIA)
Saxon single-particle wave functiojno(r)|? (dashed ling All description of the nucleon knockout process and includes
curves are normalized to unity. final-state interactions and Coulomb distortion of the elec-

Irp(r) ¥ [fm™]

0 2 4 6 8 10 12 140 2 4 6 8 10 12 14
r [fm]
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FIG. 4. The same as in Fig. 3 for the transition to the first'1/2
excited state at 2.522 MeV dfK. The theoretical results have been
multiplied by the reduction factor 0.50.

FIG. 3. Reduced cross section of tfi€a(e,e’p) reaction as a
function of the missing momentumy, for the transition to the 3/2
ground state of*K in parallel(a) and perpendiculath) kinematics.
The incident electron energy is 460 MeV in cdag 483.2 MeV in
case(b) and the outgoing proton energy is 100 MeV. The optical ditional reduction factor has been applied to the theoretical
potential is taken from Ref30]. The overlap function is derived results. As in our previous analysis of tH%D(e,e’p) reac-
from the ODM of GCM(solid line). The dashed line is calculated tjon [7], this factor can be considered as a further spectro-
with the WS wave function. The experimental déftal circles) are  scopic factor, reflecting the correlations not included in the
taken from Ref[2]. The_theo_retical results have been multiplied by OfF which correspondingly cause depletion of the quasihole
the reduction factors given in the text. states. The same reduction factor has been applied to the

cross sections calculated with the OF for both parallel and
tron waveg 25]. In the figures the results obtained with the perpendicular kinematics, namely, 0.55 for the 3{ound
overlap functions generated by the GCM are compared witlstate in Fig. 3 and 0.50 for the 172excited state in Fig. 4.
the data from Ref[2] in parallel and perpendicular kinemat- Small variations around these values do not change signifi-
ics. In parallel kinematics the momentum of the outgoingcantly the comparison with the data. However, for the
proton is fixed and is taken parallel or antiparallel to theground-state transition in perpendicular kinematics a reduc-
momentum transfer. Different values of the missing momention factor about 20% lower would give a better agreement
tum are then obtained by varying the electron scatteringvith data. A different spectroscopic factor for this transition
angle. In perpendicular kinematics the outgoing proton enin the two kinematics is found also in the data analysis of
ergy and the momentum transfer are kept constant and diRRef.[2], where in perpendicular kinematics the spectroscopic
ferent values of the missing momentum are obtained byactor is 25% lower than the one determined in parallel ki-
varying the angle of the outgoing proton. nematics. This discrepancy is related in H&f.to the basic

A fair agreement with the shape of the experimental crosgngredients of the theory: the optical potential, the bound-
section is achieved for both transitions and kinematics wittstate wave function, the electron distortion and the influence
the overlap functions emerging from the ODM calculatedof meson-exchange currerifél EC). Our total spectroscopic
within the GCM, which includes realistic correlations corre- factors(the norm of OF's multiplied by the additional reduc-
sponding to single-particle and collective motion modes. Theion factor mentioned aboyevith the GCM, 0.54 for 3/2
OF’s already include the spectroscopic factors. In order t@and 0.49 for 1/2, are comparable with the “experimental”
reproduce the size of the experimental cross section, an adnes, 0.65 and 0.52, determined under parallel kinematical
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FIG. 5. Angular distribution of théCa(y,p) reaction for the
transition to the 3/2 ground state of**K at E,=60 MeV. The

optical potential is taken from Reff30]. The separate contributions 10 o 20 a0 & 8

given by the one-body curref®WIA) and the final result given by

the sum of the one-body and the two-body seagull curtBlyIA 0., [deg]

+MEC) are shown. Line convention is as in Fig. 3. The experimen- . . . .

tal data(triangles are taken from Ref[4]. The theoretical results  FG- 6. Differential cross section for thCa(p,d) reaction at
have been multiplied by the reduction factors given in the textincident proton energe,=65 MeV for the transition to the 3/2
consistent with the analysis oé’p) data. ground state irf°Ca. The neutron overlap function is derived from

the ODM of GCM (solid ling). The proton and deuteron optical

conditions in the analysis of Re2], where the calculations Potentials are taken from Reff31] and [32], respectively. The
\ experimental dat@l] are given by the full circles. The theoretical

?r{: pszntn?émoepiicv:\g}hg]otgﬁtizlzli,mgult}\yvﬁ:;a?ﬁ;vnoorrn:r?gl c\)/git Ch arlesults have been multiplied by the reduction factor 0.55.
single-particle wave functions are used with some param-
eters adjusted to the data. We emphasize that in the presemith WS. The differences between the two curves are con-
analysis the overlap functions theoretically calculated on theiderable and larger than in the,&’p) reaction. This result
basis of the ODM of*°Ca within the GCM do not contain might have been expected, since it is well known thaip)
free parameters. Our spectroscopic factors are also in reasoigsults are extremely sensitive to the theoretical ingredients
able agreement with those extracted from the fully relativis-adopted in the calculation, in particular for the bound states.
tic theoretical analysis of thé%Ca(e,e’p) reaction in Ref. The GCM calculation lies well below the data in DWIA,
[26], where, however, only a part of the,e’'p) data from  but a reasonable agreement with the size and the shape of the
Ref.[2] is considered, while somewhat larger spectroscopi€xperimental cross section is obtained when MEC are added.
factors (around 0.7—-0)8 are obtained in the relativistic Thus, the important role played by MEE,29] is confirmed
analyses of Ref427,2§. here also for the*®Ca(y,p) reaction. The WS calculations

In Fig. 3 for the 4°Ca(e,e’p)39Kglsl reaction we present are larger than the ones with the GCM. This result can be
also the results obtained with the phenomenological Woodsdnderstood also from Fig. 3, where at the high values of the
Saxon wave function. The WS wave function is also able tonissing momentum, that are explored in thef{) reaction,
give a good description of the data with a reduction factor ofthe (e,e’p) reduced cross sections calculated with WS wave
0.6625, somewhat larger than the one applied to the reducdunction are larger than the ones obtained with the OF from
cross section computed with GCM overlap function. Alsothe GCM. Thus, in DWIA the WS result is closer to the data,
with the WS wave function a reduction factor lower by aboutin particular for the lowest angles, but when MEC are added
20% would give a better description of the data in perpenit overshoots the experimental cross section.
dicular kinematics. Therefore, although both calculations with the GCM and

Figure 5 shows the angular distribution of the WS wave functions are able to give a good description of the
“%Ca(y,p)3K . reaction atE, =60 MeV. In the figure the “*Ca(e,e’p) data for the transition to the 3/2ground state
results given by the sum of the one-body and of the two-of 3K, the (y,p) results presented in Fig. 5 for the same
body seagull currents are compared with the contributioriransition show that the GCM overlap function leads to a
given by the one-body current, which roughly corresponds tdetter and more consistent description of data for the'()
the DWIA treatment based on the direct knockdDKO) and (y,p) reactions. This result suggests proper accounting
mechanism. Both contributions of DKO and MEC are con-for the nucleon correlation effects in the framework of the
sistently evaluated in the theoretical framework of R28]. GCM.
The results obtained with the OF from GCM for the ground In Fig. 6 the differential cross section of tHéCa(p,d)
state transition and with the phenomenological WS waveeaction for the transition to the 3/2ground state in**Ca,
function are compared in the figure. In order to check thecalculated at incident proton ener@y,=65 MeV with the
consistency in the description of different one-proton re-neutron GCM overlap function, is given and compared with
moval reactions, the calculated cross sections have been mihe experimental dat@l]. It has been obtained using the
tiplied by the same reduction factors obtained from thedistorted wave Born approximatiofDWBA) with zero-
analysis of g,e’p) data, i.e., 0.55 with GCM and 0.6625 range approximation for thp-n interaction inside the deu-
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teron. It is well known that the cross section of thed) We have found that the calculated cross sections are gen-
reaction is more sensitive to the reaction mechanism adoptestally in good agreement with the experimental data. The
than to the choice of the bound-state wave function. In thigjuality of the agreement, however, is sensitive to details of
respect quasifree nucleon knockout reactions are more suithe overlap functions. The important role of the additional
able for our investigation. Nevertheless, within the DWBA reduction spectroscopic factor applied to the present calcula-
for such a pickup process as thp,§) reaction, it can be tjons is pointed out. The fact that the reduction factor is
seen that the shape of the angular distribution is well reprogonsistent in different nucleon removal reactions and also
duced by the GCM. Applying the total spectroscopic factorinat this result is obtained both fdfCa in the present work

of 0.54 for 3/2° state to the calculated cross section, a r€aznd for 1%0 in Ref.[7] gives a more profound theoretical
sonable agreement with the size of the experimental Croggeaning to this parameter. It can be interpreted as the spec-
section is achieved. The role of the additional depletion Olrtroscopic factor accounting for correlations not included in

reductlon_ of the spectroscopic factors due to correlations n generator coordinate method. The values of the total
included in the OF has been already seen on the examples 0 ) : : . :

. . ; ...~ Spectroscopic factors obtained in the present analysis are in
the previous reactions considered. Although some differ:

ences between the calculated and experimental angular digqasonable agreement with thase given by previous theoret-

tributions exist, we would like to emphasize that, in prin- cal investigations. ) ,
ciple, overlap functions extracted from realistic one-body Apart from the short-range and tensor correlations studied

density matrices have to be used as a tool for an accuralB Previous papergs,7], in this work we looked into the role

description of one-nucleon removal reactions. of correlations caused by the collective nucleon motion. Ex-
ploring the GCM, a consistent picture for all threg €' p),
IV. CONCLUSIONS (v,p), and (p,d) reactions on*’Ca was achieved on the

same theoretical ground. The results indicate that the effects
In summary, we have calculated single-particle overlapf NN correlations taken into account within our approach
functions and the spectroscopic factors corresponding t@nd which are of long-range type are of significant impor-
low-lying (quasiholg (A—1)-nucleon states on the base of tance for the correct analysis of the processes considered.
the one-body density matrix of°a by considering its Finally, we would like to emphasize that the theoretical
asymptotic(larger) region and using the generator coordi- method to calculate the cross sections of one-nucleon re-
nate method. These calculations have been pel’formed With.ﬁ}lova| reactions by means of Sing|e-partic|e Over|ap func-
an approach in which a Woods-Saxon construction potentiajons for the bound states presented in this paper is, in prin-
and a Skyrme-type effective force are used. A consistengiple, valid for all kind of nuclei. The particular GCM
analysis of the cross sections of one-nucleon removal reagcheme employed in our work is applicable, however, only
tions on “®Ca by means of the same overlap functions isto nuclei with equal numbers of protons and neutrons but to
given. In contrast to standard DWIA analyses, where phepoth closed and nonclosed shell nuclei. Calculations of simi-

nomenological single-particle wave functions were used withar reactions on opes-d shell nuclei are in progress.
some parameters fitted to the data, in this paper the results

have been obtained with theoretically calculated overlap

functions which do not include free parameters. The differ- ACKNOWLEDGMENTS

ences between the GCM overlap functions and the shell
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