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Mean-field calculations of quasielastic responses ifiHe
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We present calculations of the quasielastic responses functidit$eimased upon a mean-field model used
to perform analogous calculations in heavier nuclei. The meson exchange current contribution is small if
compared with the results of calculations where short-range correlations are explicitly considered. It is argued
that the presence of these correlations in the description of the nuclear wave functions is crucial to make meson
exchange current effects appreciatj@0556-28186)02006-1

PACS numbg(s): 25.30.Fj, 21.30.Fe, 25.55.Ci

The evaluation of meson exchange curr@diEC) effects  ground state is described as a Slater determinant of single-
in nuclei is a topic which has been investigated for more thanparticle wave functions produced by a mean-field potential
twenty years. Various methods have been used to calcula®f Woods-Saxon type. The excited states are built up as one
these effects, and a great variety of nuclei and observablggarticle-one hole (fi-1h) and 20-2h excitations, where the
have been investigated. A clear fact arising from the largéarticle wave functions are obtained by solving the Sehro
amount of results produced in these years is that the effec@inger equation in the continuum with the same Woods-
of the MEC are large for few body systeifrld, whereas they =~ Saxon potential.
appear to be rather small in medium and heavy njilei7]. Within this model we have evaluated the quasielastic re-
In a previous work7] we have argued that this can be as-sponse functions as described in Rgf]: the longitudinal
cribed to the presence of short-range correlation functions ifieésponse is produced by the one-body charge operator, while
the models describing the few body systems. the transverse response is obtained by adding to the one-

In the case of the deuteron short-range correlations ifpody convection and magnetization currents the two-body
both nonrelativistic{8] and relativistic[9] calculations are MEC’s. These have been calculated considering the so-
explicitly included. Systems with three or four nucleons havecalled seagull or contact, pionic or pion in flight, and
been studied using different techniqu&addeev equations A-isobar terms.

[10], hyperspherical function§11], Green function and In Table I we give the parameters of the Woods-Saxon
variational Monte Carld8], etc) but all of them consider potential used in our calculations and defined as in REf.
these correlations. In these few body systems, the MEC'Ihe ground state properties &ffe do not constrain the spin-
produce large effects at any energy scale considered, eitherbit part of the potential, which, on the other hand, affects
in the ground state observablg or in the quasielastic re- the continuum single-particle wave functions used to calcu-
sponsd12] and even at higher energies. late the responses. We have studied the sensitivity of our

For medium-heavy nuclei, nuclear models which take intoresults to the spin-orbit potential using values taken from
account short-range correlations have been recently proposed
[13]. The present state of the art in this field is, however,
quite far from the possibility of calculating MEC contribu-
tions. The effects of the MEC's in these nuclei, either in the
ground and low-lying statel2—3] or in the case of nuclear
excitations in the continuumi4—7], have been evaluated
within the mean-field approach. Contrary to what has bee
found in few body systems, in medium-heavy nuclei these

TABLE I. Parameters of the Woods-Saxon potential used in the
various calculations described in the text and single-particle ener-
gies obtained for the proton and neutrogy 4 levels. The spin-orbit
part is switched off and the value of the Coulomb radius is taken
equal to the value oR. In the last row the experimental single-

article energies are shown. See Ré&f. for the definition of the
ﬁotential.

effects are rather small, i.e., they are of the same order of Vv R a €
magnitude as both theoretical and experimental uncertainties. (MeV) (fm) (fm) (MeV)
In this situation it would be desirable to see if mean-field
models produce in light nuclei results similar to those ob-WS1 P —65.83 1.70 0.60  —19.52
tained for the medium-heavy ones. This would exclude ex- n —66.00 1.70 0.60  —20.53
planations of the contradictory results such as the possibilityvs2 p -52.11 1.80 020 —17.24
that the smallness of the global MEC effect in medium- n -52.11 1.80 0.20 —-18.16
heavy nuclei is due to cancellations between the contribuws3 p —55.00 1.98 085  —17.39
tions of a large number of particle-hole excitations. n —55.00 1.98 0.85 ~18.17
In order to investigate this point, we have applied to thegxpt. p -19.82
“He nucleus the model we have used to study the quasi- n —20.58

elastic responses if°C and “°Ca [7]. In this model the
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parametrizations considered in heavier nuclei. We found thainean-field parameters. With this potential the charge distri-
the effect on the responses is less than 1%. All the resultsution of “He is not very well reproduced, as is shown in
presented in this report have been obtained using mean-fiefig. 2 by the dashed line.

potentials without the spin-orbit term. The parameters of the potential WS2 have been fixed to
In Fig. 1 we compare some results with the experimentabptain the best fit of the charge density, compatible with the

data of Ref[14]. The dashed lines have been obtained withjimjtations of using a Woods-Saxon potentighe dashed-

a Woods-Saxon potential, the WS1 of Table |, whose paramygtted line of Fig. 2 The results obtained with this potential

eters have been fixed in order to reproduce the energies gfq presented in Fig. 1 by the dashed-dotted lines.

the “He single-particle levels. This is the usual procedure The full lines of all the figures have been obtained with

followed in medium-heavy nuclei in order to choose the,e potential WS3, whose parameters have been fixed to ob-
tain good agreement with the data of the longitudinal re-
015 l ' 1 sponses. The values of the single-particle energies and of the
charge distributions obtained with this potential are rather
different from the experimental ones.

The longitudinal response functions are reasonably well
described by all three calculations, while the transverse re-
sponse functions are always underestimated, in spite of the
fact that the MEC's are included in the electromagnetic op-
1 erator.

These results show a different trend with respect to the
. medium-heavy nuclei where the ground state properties can
be described reasonably well with mean-field potentials. In
0,00 . . the present case, we could not reproduce simultaneously the

0.0 1.0 20 30 40 various ground state observables. THde nucleus is too
small to be reasonably described by a mean-field model.

On the other hand, the aim of this work is not to produce

FIG. 2. Charge densities obtained with the W@ashed ling & realistic description of this nucleus, but rather to study the
WS2 (dashed-dotted lineand WS3(full line) potentials compared possibility that MEC effects can be enhanced in few body
with the experimental onéRef. [15]). systems.
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Our main result is presented in Fig. 3, where the relative All these facts lead us to conclude that the small MEC
differences between the transverse responses calculated wiffects found in medium and heavy nuclei are due to the lack
and without MEC’s are shown for the three momentumof short-range correlations, and in particular their tensor
transfers considered. The left panels give the results corr&somponents, not taken into account in the mean-field models
sponding to the three different parametrizations of theysed to describe these many body systems. One may claim
Woods-Saxon potential fotHe. The right panels show, for that the contribution of MEC’s in heavy nuclei can be en-
the same values of the momentum transfer, the results olyranced by the presence of other effects which are usually not
tained in *2C (full lines) and in *°Ca (dashed linegswith the considered, for example, relativity and random phase ap-
potentials WS1 of Refs{.6]_ and_[?]_, respectively. proximation(RPA) long-range correlations.

Three 4aspects shown in this figure deserve a comment. * \yq think relativistic effects are not playing an important

(1) In "He, the contribution of the MEC at peak energies o i, his context, because MEC contributions in light nu-

is small, of the order of a few percent, if compared with theclei are large even in nonrelativistic treatments. This idea is

f!“'” response. This result is rather independent of the Meaonfirmed by a calculation done within the relativistic Fermi
field potential used.

(2) The curves for*He are very similar to those found for gas mpdel % Blunden and Buti¢b] for the quasielastic
12C and “°Ca. In absolute value, at the peak energies, thEXcitation of **Ca where MEC effects are e\_/aluateq to be of
effect of the MEC’s becomes bigger the heavier the nucleudn® order of 10%, but they are not including theisobar

(3) The contribution of the MEC’s at the peak energies,cu"ent' Thls_ is the same value we obtained with our model
with the A-isobar current included, is negative for transfer When we switched off this component of the two-body cur-
momenta bigger than 400 Med// rent[6,7]. o . _

These results show that the MEC contributions produced The role of RPA correlations in the MEC’s in the quasi-
by mean-field models ifHe are similar to those obtained in €lastic region is not clear. A recent work of the Gent group
medium-heavy nuclei. The possibility of an enhancement of17] shows considerable MEC effects, 20-30% of the
these contributions in light nuclei due to the smallness oftrength of the quasielastic peak, within a nonrelativistic

these systems should be excluded. Hartree-Fock-RPA model.
It is worthwhile to point out the similarity of oufHe Full RPA calculations of MEC contributions performed at
results with the curves labeled with NT in Fig. 8 of Reif6]. lower energies, but at the same values of the momentum

Using a model quite different from ours, Leidemann andtransfer, show scarce sensitivity to the RPA correlati@js
Orlandini obtained these curves with purely central shortfurthermore, in continuum RPA calculations with finite
range correlations. They also show that the addition of theange residual interactiori$,18| the one-body quasielastic
tensor pieces of the correlation increases the relative contriresponses do not show sizeable differences from mean-field
bution of MEC’s up to 10-15 %, at the peak energy. results.
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In conclusion, we have shown that within a mean-fieldtions. Calculations of MEC’s in medium-heavy nuclei with
calculation the MEC contribution to the quasielastic excita-explicit treatment of the short-range correlations are desir-
tion of “He is small, analogously to what happens inable in order to clarify the problem definitively.

the lack, in the mean-field approach, of short-range correlabetween the C.I.C.Y.T(Spain and the I.N.F.N(ltaly).
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