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Model of short-range correlations in the charge response
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The validity of a model treating the short-range correlations up to the first order is studied by calculating the
charge response of an infinite system and comparing the obtained results with those of a Fermi Hypernetted
Chain calculation[S0556-28188)01106-9
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The interest in the study of short range correlati@®RC  relevance for predictions and comparisons with two-nucleon
in nuclear systems has increased in these last few years. &mission data, we believe that a test of their validity is nec-
this field, the experimental activity has been concentrated iessary.
the search for observables allowing a clean identification of A model treating SRC up to the first order in the correla-
SRC effectd1,2]. From the theoretical point of view, there tion, has been developed in RgL3] to study charge density
has been a development of calculations which explicitly conand momentum distribution of some doubly closed shell nu-
sider SRC. clei. The model was able to reproduce rather well the finite

The theoretical situation is quite satisfactory for the few-nuclei FHNC results of Ref9] and it has been extended to
body systems, where Faddeg], correlated hyperspherical describe the two-nucleon emission produced by the same
harmonics expansio[ﬂ], and Green function Monte Carlo electromagnetic operator, the charge operator, for inclusive
[5] theories solve exactly the Scldiager equation. This last electron scattering experimerjts4]. It is, however, not ob-
technique has been recently applied to investigate light nuvious that the good agreement with the FHNC results ob-
clei up toA=7 [6]. Unfortunately, the straightforward appli- tained for the ground state can be maintained also for the

cation of these theories to the study of medium and heav?’éldt?d states. S_inlce corr;]plete FENC clalculations ar:e avail-
nuclei is not yet technically feasible, in spite of the rapida e for on1e5-part|che one- ol(&g-l )nugeﬁr ma}terl Ct atrrg];e
progress of the computer technology. responsefl5], we have applied our model to calculate these

The other satisfactory situation, from the theoretical pointresﬁﬁgzzzic idea of the model, already presentdd & and
.Of .vi'ew, regards the opposite side of the isotope table: th 14], consists in truncating thé CBF expansion in order to
infinite nuclear systems such as neutron and nuclear matter, - only those terms containing a single Jastrow-type
For the study of these systems, perturbation techniques ha\é

Drrelation lineh(r)=f2(r)—1. In Fig. 1 we show the dia-
been developed such as Brueckner Bethe Goldsf@her ;.o ms we have retained in the present calculation. It is worth

correlated basis function theoridCBF) [8]. These ap- ointing out that by setting in each diagram the particle line
proaches do not provide an exact solution of the Sdinger  gqual to the hole line, we reproduce the set of diagrams used
equation, but they can reproduce rather well the empiricajy calculate the ground state properties of the charge operator
properties of nuclear matter because they sum complete sgtg3]. An important property of the expansion in powers of
of terms of their perturbation expansions. h(r) is that the normalizations of the wave function are ex-

The application of CBF to the description of the groundactly preserved at each ordgi6]. In Ref.[13], the nuclear
state of finite nuclear systems, has been recently carried ogharge was conserved as well as the proper normalization of
[9] using various levels of Fermi hypernetted chéiiNC)  the correlated many-body wave functions in the present cal-
approximations. The results are promising and it is conceiveulation. On the contrary, the nuclear charge is not conserved
able that CBF theories may be applied to the description oin Refs.[11,12, where the expansion adopted, and truncated
excited states in the future. For the time being, these propert the second order, is based the number of particlesf
ties have to be studied by using simpler models. the cluster and not on the powers fffr).

The major part of the models developed up to now to The FHNC and the model calculations of the charge re-
describe finite nuclear systems, treats SCR only at the lowesponses have been done using the same correlation, i.e., the
order in the correlation. The main field of application hasscalar part of a complicated state dependent correlation fixed
been the investigation of nuclear ground state propertie® minimize the nuclear binding energy in a FHNC calcula-
[10]. Recently, nuclear models dealing with SRC, have beetion with the Urbana V14 nucleon-nucleon potenfidl.
implemented to study the electromagnetic two-nucleon emis- In Fig. 2 we compare the results of our model with those
sion[11,17. Given the wide use of these models and theirobtained with a FHNC calculations. In this figure we show
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FIG. 1. Diagrams considered in our model. The dotted lines
represent the correlation function. The oriented lines represent par- FIG. 2. In the pane{a) the Ip-1h nuclear matter proton struc-
ticle and hole wave functions. The black circle indicates an integrature functions calculated with the present modeill lines) are
tion point, while the black square indicates the integration point,compared with those obtained from the FHNC calculation of Ref.
where the charge operator is acting. [15]. The calculations have been done fp=300, 400, and 550
MeV/c andkg=1.09 fm . In the panel(b) we show the differ-

. .ences, multiplied by 190 between the structure functions obtained
the proton structure functions, therefore, no electromagnetig,. ine present model and those obtained using FHNC

nucleon form factors have been included. The structure func-
tions have been calculated for three values of the momentum o o

transfer, and for Fermi momentum of 1.09 frh We found  €ssary to test the validity and the range of applicability of the
this value of the Fermi momentum adequate to describe th&10del. | _ _
quasielastic responses $C [17]. In the panela) of Fig. 2 We like to stress again tha}t a good agreement with the
the full lines represent the results of the model and thdHNC results has been obtained, most probably, because,
dashed lines those of the FHNC calculation. The differenc&Ur model properly normalizes the many-body wave function
between the two calculations are very small, and they ar8as been conserved by evaluating both two- and three-point

explicitly shown, multiplied by a factor £Qin the panelb).

In Fig. 3 we show the response functions calculated using 0.008 T T T T T
the electromagnetic nucleon form factors of Ré&8]. These
response functions have been obtained considering, in addi-
tion to the proton structure functions shown in Fig. 2, also 0.006 |- \ 300 MeVie .

the neutron contribution, which in any case, turns out to be
negligible in the longitudinal response. The dashed lines
show the Fermi gas responses, corresponding in our model to
the first diagram of Fig. 1. The dashed-dotted lines have been
obtained adding the contribution of the two-point diagrams,
i.e., the diagrams multiplied by the factor 1/2 in Fig. 1. The o002 H X
full lines have been obtained by including all the diagrams of U SRR,
Fig. 1. The contribution of the two-point diagrams is par- '
tially canceled by the inclusion of the three-point diagrams. 0.000 : ! ! ! !
This is an effect similar to that obtained in the calculation of 0 s0 100 50 200 20 300
the ground state charge and momentum distributjd8$ £ [Mev]
The results we have presented show that a model consid-

ering only those terms with a single correlation line can re- . 3. Nuclear matter longitudinal responses der 300, 400,
produce extremely well the FHNC charge response funcang 550 MeVe andke=1.09 fm* calculated with the proton and
tions. This conclusion is consistent with the finding of Ref. neutron form factors of Ref.18]. The dashed lines represent the
[13] for the ground state charge distribution. We should re+ermi gas responses, the dashed-dotted lines have been obtained
mark that our calculations have been done for the charggdding the two-point diagrams, while the full lines show the results
operator only. An extension of the calculation to evaluateof the complete calculations, where all the diagrams of Fig. 1 have
responses induced by other electromagnetic operators is neigzen considered.
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diagrams. Calculations of @t1h responses which include ered. There are, however, indications that in the2h re-

the two-point diagrams only, overestimate the effect of thesponses, two- and three-point diagrams act differently than in
correlations. One may expect that the same problem coulthe 1p-1h responseg14]. A similar analysis, as the one
affect also the two-nucleon emission calculations, like thosgerformed here, is needed for the-2h responses in order

of Refs.[11,12), where only two-point diagrams are consid- to clarify the situation.
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