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Mean-field calculations of quasielastic responses in4He
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We present calculations of the quasielastic responses functions in4He based 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 appreciable.@S0556-2813~96!02006-7#

PACS number~s!: 25.30.Fj, 21.30.Fe, 25.55.Ci
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The evaluation of meson exchange current~MEC! effects
in nuclei is a topic which has been investigated for more th
twenty years. Various methods have been used to calcu
these effects, and a great variety of nuclei and observa
have been investigated. A clear fact arising from the la
amount of results produced in these years is that the eff
of the MEC are large for few body systems@1#, whereas they
appear to be rather small in medium and heavy nuclei@2– 7#.
In a previous work@7# we have argued that this can be a
cribed to the presence of short-range correlation function
the models describing the few body systems.

In the case of the deuteron short-range correlations
both nonrelativistic@8# and relativistic@9# calculations are
explicitly included. Systems with three or four nucleons ha
been studied using different techniques~Faddeev equations
@10#, hyperspherical functions@11#, Green function and
variational Monte Carlo@8#, etc.! but all of them consider
these correlations. In these few body systems, the ME
produce large effects at any energy scale considered, e
in the ground state observables@1# or in the quasielastic re-
sponse@12# and even at higher energies.

For medium-heavy nuclei, nuclear models which take in
account short-range correlations have been recently prop
@13#. The present state of the art in this field is, howev
quite far from the possibility of calculating MEC contribu
tions. The effects of the MEC’s in these nuclei, either in t
ground and low-lying states@2–3# or in the case of nuclea
excitations in the continuum@4–7#, have been evaluated
within the mean-field approach. Contrary to what has be
found in few body systems, in medium-heavy nuclei the
effects are rather small, i.e., they are of the same orde
magnitude as both theoretical and experimental uncertain

In this situation it would be desirable to see if mean-fie
models produce in light nuclei results similar to those o
tained for the medium-heavy ones. This would exclude
planations of the contradictory results such as the possib
that the smallness of the global MEC effect in medium
heavy nuclei is due to cancellations between the contri
tions of a large number of particle-hole excitations.

In order to investigate this point, we have applied to t
4He nucleus the model we have used to study the qu
elastic responses in12C and 40Ca @7#. In this model the
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ground state is described as a Slater determinant of sing
particle wave functions produced by a mean-field potent
of Woods-Saxon type. The excited states are built up as o
particle-one hole (1p-1h) and 2p-2h excitations, where the
particle wave functions are obtained by solving the Schr¨-
dinger equation in the continuum with the same Wood
Saxon potential.

Within this model we have evaluated the quasielastic r
sponse functions as described in Ref.@7#: the longitudinal
response is produced by the one-body charge operator, w
the transverse response is obtained by adding to the o
body convection and magnetization currents the two-bo
MEC’s. These have been calculated considering the s
called seagull or contact, pionic or pion in flight, an
D-isobar terms.

In Table I we give the parameters of the Woods-Saxo
potential used in our calculations and defined as in Ref.@7#.
The ground state properties of4He do not constrain the spin-
orbit part of the potential, which, on the other hand, affec
the continuum single-particle wave functions used to calc
late the responses. We have studied the sensitivity of o
results to the spin-orbit potential using values taken fro

TABLE I. Parameters of the Woods-Saxon potential used in t
various calculations described in the text and single-particle en
gies obtained for the proton and neutron 1s1/2 levels. The spin-orbit
part is switched off and the value of the Coulomb radius is tak
equal to the value ofR. In the last row the experimental single-
particle energies are shown. See Ref.@7# for the definition of the
potential.

V R a e
~MeV! ~fm! ~fm! ~MeV!

WS1 p 265.83 1.70 0.60 219.52
n 266.00 1.70 0.60 220.53

WS2 p 252.11 1.80 0.20 217.24
n 252.11 1.80 0.20 218.16

WS3 p 255.00 1.98 0.85 217.39
n 255.00 1.98 0.85 218.17

Expt. p 219.82
n 220.58
3155 © 1996 The American Physical Society
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FIG. 1. Longitudinal and transverse respons
functions for different values of the momentum
transfer. The dashed, dashed-dotted, and full lin
have been calculated with the WS1, WS2, an
WS3 potentials, respectively. The experiment
data have been taken from Refs.@14#.
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parametrizations considered in heavier nuclei. We found
the effect on the responses is less than 1%. All the res
presented in this report have been obtained using mean-
potentials without the spin-orbit term.

In Fig. 1 we compare some results with the experimen
data of Ref.@14#. The dashed lines have been obtained w
a Woods-Saxon potential, the WS1 of Table I, whose para
eters have been fixed in order to reproduce the energie
the 4He single-particle levels. This is the usual procedu
followed in medium-heavy nuclei in order to choose t

FIG. 2. Charge densities obtained with the WS1~dashed line!,
WS2 ~dashed-dotted line!, and WS3~full line! potentials compared
with the experimental one~Ref. @15#!.
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mean-field parameters. With this potential the charge dist
bution of 4He is not very well reproduced, as is shown in
Fig. 2 by the dashed line.

The parameters of the potential WS2 have been fixed
obtain the best fit of the charge density, compatible with th
limitations of using a Woods-Saxon potential~the dashed-
dotted line of Fig. 2!. The results obtained with this potentia
are presented in Fig. 1 by the dashed-dotted lines.

The full lines of all the figures have been obtained wit
the potential WS3, whose parameters have been fixed to
tain good agreement with the data of the longitudinal re
sponses. The values of the single-particle energies and of
charge distributions obtained with this potential are rath
different from the experimental ones.

The longitudinal response functions are reasonably w
described by all three calculations, while the transverse r
sponse functions are always underestimated, in spite of
fact that the MEC’s are included in the electromagnetic o
erator.

These results show a different trend with respect to th
medium-heavy nuclei where the ground state properties c
be described reasonably well with mean-field potentials.
the present case, we could not reproduce simultaneously
various ground state observables. The4He 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 produc
a realistic description of this nucleus, but rather to study th
possibility that MEC effects can be enhanced in few bod
systems.



e
-

ls
.

53 3157BRIEF REPORTS
FIG. 3. Relative differences between the
transverse responses calculated with,RT

OB1MEC,
and without, RT

OB, MEC’s. The value
dRT5(RT

OB1MEC2RT
OB)/ RT

OB1MEC is plotted for
different cases. In the left panels, we show th
results obtained for the three mean-field poten
tials considered in this work for4He. The curves
are labeled as in Figs. 1 and 2. The right pane
show the results for the WS1 potentials of Refs
@6# and @7# for 12C ~full lines! and 40Ca ~dashed
lines!, respectively.
i

r

e
h

r
t

e

n
t

n

t
n

C
ck
or
els
aim
-
not
p-

t
-
is
i

of

el
r-

i-
p
e
tic

t
um

e

eld
Our main result is presented in Fig. 3, where the relat
differences between the transverse responses calculated
and without MEC’s are shown for the three momentu
transfers considered. The left panels give the results co
sponding to the three different parametrizations of t
Woods-Saxon potential for4He. The right panels show, fo
the same values of the momentum transfer, the results
tained in 12C ~full lines! and in 40Ca ~dashed lines! with the
potentials WS1 of Refs.@6# and @7#, respectively.

Three aspects shown in this figure deserve a commen
~1! In 4He, the contribution of the MEC at peak energi

is small, of the order of a few percent, if compared with t
full response. This result is rather independent of the me
field potential used.

~2! The curves for4He are very similar to those found fo
12C and 40Ca. In absolute value, at the peak energies,
effect of the MEC’s becomes bigger the heavier the nucle

~3! The contribution of the MEC’s at the peak energie
with the D-isobar current included, is negative for transf
momenta bigger than 400 MeV/c.

These results show that the MEC contributions produc
by mean-field models in4He are similar to those obtained i
medium-heavy nuclei. The possibility of an enhancemen
these contributions in light nuclei due to the smallness
these systems should be excluded.

It is worthwhile to point out the similarity of our4He
results with the curves labeled with NT in Fig. 8 of Ref.@16#.
Using a model quite different from ours, Leidemann a
Orlandini obtained these curves with purely central sho
range correlations. They also show that the addition of
tensor pieces of the correlation increases the relative co
bution of MEC’s up to 10–15 %, at the peak energy.
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All these facts lead us to conclude that the small ME
effects found in medium and heavy nuclei are due to the la
of short-range correlations, and in particular their tens
components, not taken into account in the mean-field mod
used to describe these many body systems. One may cl
that the contribution of MEC’s in heavy nuclei can be en
hanced by the presence of other effects which are usually
considered, for example, relativity and random phase a
proximation~RPA! long-range correlations.

We think relativistic effects are not playing an importan
role in this context, because MEC contributions in light nu
clei are large even in nonrelativistic treatments. This idea
confirmed by a calculation done within the relativistic Ferm
gas model by Blunden and Butler@5# for the quasielastic
excitation of 40Ca where MEC effects are evaluated to be
the order of 10%, but they are not including theD-isobar
current. This is the same value we obtained with our mod
when we switched off this component of the two-body cu
rent @6,7#.

The role of RPA correlations in the MEC’s in the quas
elastic region is not clear. A recent work of the Gent grou
@17# shows considerable MEC effects, 20–30 % of th
strength of the quasielastic peak, within a nonrelativis
Hartree-Fock-RPA model.

Full RPA calculations of MEC contributions performed a
lower energies, but at the same values of the moment
transfer, show scarce sensitivity to the RPA correlations@3#.
Furthermore, in continuum RPA calculations with finit
range residual interactions@6,18# the one-body quasielastic
responses do not show sizeable differences from mean-fi
results.
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In conclusion, we have shown that within a mean-fiel
calculation the MEC contribution to the quasielastic excita
tion of 4He is small, analogously to what happens in
medium-heavy nuclei. We deduce that this result is due
the lack, in the mean-field approach, of short-range corre
d
-

to
la-

tions. Calculations of MEC’s in medium-heavy nuclei wit
explicit treatment of the short-range correlations are de
able in order to clarify the problem definitively.
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