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Short-range correlations in low-lying nuclear excited states
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The electromagnetic transitions to various low-lying excited state$®f “Ca, and?°®Pb are calculated
within a model which considers the short-range correlations. In general the effects of the correlations are small
and do not explain the required quenching to describe the data.

PACS numbd(s): 21.60—n, 25.30.Dh

The description of the electron scattering form factors of Im (¥o|O" (q)(H—Eg—w+in) t0(q)| Vo)
low-lying excited states is still an unsolved problem. The S(0,w)=—— W[ ¥y)
disagreement between theory and experiment is particularly oo
annoying for the high angular momentum stretched states Im . o
which are composed by few particle-holp-f) configura- - ; & ((En—Eo—w+in) “&(a), (2
tions. Because of this relatively simple structure one expects
that the independent particle mod#PM) should be able to
reproduce the data. This is close to the truth for what conWhere
cerns the shape of the form factors, but the theoretical results
usually overestimate the data. The disagreement between £(q)= (V| O(a)|Wo) 3
theory and experiment is commonly summarized by a single n'd (W | W )Y W) 2
number: the quenching fact@, necessary to reproduce the

data. In the above equatiorts indicates the Hamiltoniarg and

Therg have been various at_tempts to identify the SOUrC&e momentum and energy transfer, respectively, Rride
of this disagreement, but the situation has not yet been ClarEnergies of the nuclear system.

fied. The quenching produced by first order core polarization,'o,r model the excited states are defined in analogy with
mechanism has been proposed in R&f.but other studies Eq.(1): |¥,)=G|®,). The correlatiorG is the same used to

[2] found this effect to be small. The quenchings of the 12 yoscrine the ground state. With this ansatz we rewrit
and 14 form factors in *Pb have been explained by a ,¢ ¢ ' o&q.

random phase approximatidiRPA) plus particle vibration

coupling model in Ref[3] but these results have not been .

confirmed by a self-consistent first- and second-RPA calcu- (q):<(1>n|G O(q)G|Po)

lation [4]. n (Do|G*G|Dy)
In Ref. [5] a mechanism related to the presence of short-

range correlations has been proposed. These correlations |, principle the correlation functios has a complicated

modify the occupation probability of the single particle lev- 4neratorial structure, analogous to that of the nuclear Hamil-

els, reducing the occupation of the hole states and producingnian. In the present work we have considered a purely

a finite probability of occupying the particle states evengcaiar correlation function which is therefore commuting

when the nucleus is in its ground state. This idea is supportegiih the excitation operatoO(q). The functional depen-

by the fact that %astic electron scattering dé@ and  gence of the correlation function is the Jastrow anfalz
(e,e’'p) data[7] in ?°%Pb can be explained assuming partial

occupation probability of the single particle levels closed the
Fermi surfacg8]. G(1,2...A)=]] f(rij), (5)
In this work we have studied the electron excitation of i<
some noncollective low-lying states of doubly closed shell
nuclei with a model that takes into account the short-rangevhere f is a two-body correlation function and; is the
correlations. The starting point of our model is the CBF an-distance between two nucleons. We introduce a function

1/2
(Po|GT G| D)

(@,|G"G|Dy)

(4)

satz for the description of the nuclear ground state: hij =fﬁ —1 and we perform a cluster expansidt0] retain-
ing only those terms where the functidny; appears only
|Wo)=G|Dy), (1) once. We have tested the model by comparing its results with

those of the full calculations. A first comparison has been
whereG is a correlation function anib) is a Slater deter- done for the nuclear matter quasielastic charge responses
minant of single particle wave functions. The many-body[11] and has shown the validity of our approximation. The
responses induced by an operaf(q) can be written as model has also been used to evaluate the ground state charge
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density distributiong12,13 of various doubly closed shell 12 T T T . T
nuclei. Even in this case the agreement with the results of the o k? 16 i
full calculations is very good. ' - o

In the present work we apply our model to describe the 08 ! 41898 MeV
excitation of low-lying states induced by electron scattering. =
A detailed description of the model can be found in Ré#] = 06r $ee o} i
where the explicit expressions of the transition matrix ele- 04 | ¢ .
ments are given. We should remark however that while in +' ’
the calculations of Ref.14] the convection current was con- 02 r R $ T
sidered only at the mean-field level, in the present calcula- 00 =01 L L L

tions, we have also evaluated all the correlated terms related 05 10 15 20 25 30 35

to this current.

Our model requires two inputs, the set of single particle E b
wave functions and the correlation function. They are not !
independent since, for a given Hamiltonian, they are fixed
through the variational principle by minimizing the energy
expectation value. The single particle wave functions and the
correlations we have used have been taken from R&i.
where energy minima of several doubly magic nuclei for the
semirealisticS3 interaction of Afnan and Tang have been
found.

With this input we have calculated the electron excitations
of various low-lying states in®0, “8Ca, and?®Pb nuclei
and we have compared our results with the experimental data 107
of Refs.[16-19.

For magnetic excitations the comparison is done with the 103
transverse form factor which can be unambiguously obtained
for each cross section value. In the electric excitations, both
longitudinal and transverse form factors contribute. Their ex-
traction from the cross section data requires at least two mea-
surements done at the same value of the momentum transfer 10°
g. Because of the difficulties related to this procedi2@)],
for the electric states we preferred to compare our calcula- 10
tions directly to the cross sections. 05 Lo 15 20 25 30 35

Since our model cannot describe collective effects, we q i}
have considered only those states characterized by one or at
most twop-h excitations. We have estimated the degree of FiG. 1. Transverse form factor for the 4n 60 state at 18.98
collectivity of the various excited states by making discretemev. In panel(a) the results of the IPMdashed lingand of our
RPA calculations with both a density dependent Landaucorrelated mode(full line) are compared with the data of REL6].
Migdal interaction[21] and the Jlich—Stony Brook interac- The same figure is redrawn in par@) in log scale since these
tion [22]. We have selected those states having at least onesults are commonly presented in this way. Pdoglshows the
p-h transition withX amplitude value larger than 0.9 in both comparison between theoretical results and experimental data, after
calculations. the quenching factors have been applied.

From this analysis we found three states dominated by

two p-h pairs. For these cases we have supposed that the The short-range correlations do not substantially change
wave function of the excited uncorrelated state could be dethe |PM results. In some cases, the correlations reduce the

Fel?

2
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.
bt
£

QCorr =0.66

Qipy =0.67

scribed as a linear combination of the tyweh pairs: cross section values, therefore the quenching factors in-
crease. There are, however, various situations where the cor-
|q>n>:xph|<pph>+xp,h,|q>p,h,>, (6) relation effects go in the opposite direction.

We show in Figs. 1 and 2 the results obtained for the 4
. state in*%0 and for the 12 in 2°Ph to make more explicit
where theX,, amplitudes have been taken from the RPAgmne of the features of the results. The linear scale used in
soluztlon and the other ones have been fixed suchXffat  some panel of the two figures allows for a better identifica-
+Xp,h,=1- tion of the correlations effects consisting in a more or less
The results of our calculations are summarized in Table Ipronounced modification of the maximum of the distribution.
The quenching factor® for the uncorrelatedPM) and cor-  The results are also plotted in a logarithmic scale since they
related calculations and thg per datum are compared. The are commonly presented in this way. In the 4ase the
values of they? have been evaluated after the application ofcorrelations enhance the value of the maximum. This implies
the quenching factors to the original results. a smallerQ for the correlated calculation, as is shown in
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FIG. 2. Cross sections divided by the Mott cross sectignfor the 12" state in?*%Pb at 6.1 MeV measured at two different scattering
angles. In panel&) and(b) the comparison of the IPNdashed lingand correlatedfull line) results with the data of Ref18] is done in
linear scale. The same comparison drawn in log scale is presented in(parelpanel(d) the comparison is done after the application of
the quenching factors.

the table. Even after th® factor has been applied the agree- basis function theory and using the Fermi hypernetted chain
ment with the data is rather poor, as the high values ofthe resummation techniqué¢&4] which find occupation numbers
indicate. very close to those of the IPM.

In Fig. 2 the 12 cross sections calculated for two differ- |t is possible that some of the correlation components we
ent values of the scattering angle are presented and compargéve neglected, especially the tensor terms, could produce
with the data of Ref[18]. In this case the correlation lowers noticeable effects, as indicated in REP5]. On the other
the maximum of the distribution. The 12excitation has hand, microscopic calculations in both infinite systei@]
been calculated as a pure neutrdq;bli 15, transition. The  and finite nucle{27], show that the scalar term is by far the
difference in the lowering produced by the correlation injargest one in the correlation. Furthermore, a study of the
panelsa andb of the figure, i.e., the ratio between full and ground state charge and momentum distributions of doubly
dashed lines, is within the 1%. This small difference is pro-gjosed shell nuclgi13] indicate the small influence of these
duced by the presence of the longitudinal response generatggl, ;o dependent terms.
py the electric.neutron form factor of R¢23] which we use Our experience in RPA calculatiofigg] has shown that
in our calculations. the presence of small amplitude-h pairs can heavily

One can notice that the quenching factors required to rer'nodify the size, and sometimes even the shape, of the form

produce the data are different for the two different scattering, ..." £ this reason we think that the origin of the quench-

angles. However these two values are statistically compat|blﬁ1g factor should be searched by looking with more detail at

Onziggeﬁﬁgfugirg\% urﬁgigﬁgﬁ :re::rgsé%?éi?"t that ththe coupling of the single particle excitations with the col-
P PP %ctive modes of the nucleus.

correlation effects are very small and cannot be considere
relevant for the description of the experimental data. The size This work has been partially supported by the CICYT-
of these effects is in agreement with the results of microANFN agreement and by the DGE®B98-1367 and the
scopic nuclear matter calculations done within the correlatedunta de Andaluel(FQM225.
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TABLE |. Excited states calculated and their quenching factors. We have indicated the excitationEeribegy-h pairs considered, the
X amplitudes, Eq(6), the quenching factor® and they? for both calculations, and the reference where the experimental points have been
taken. For the electric states we have considered the quenching on the full cross section, and we have indicated the scattering angle were the
cross section has been measured.

IPM Correlated
Jm E (MeV) p-h pairs Xph Q X2 Q X2 Ref.
16 - -1
© 4 18.98 :11:3221232% fg:;ggi 0.67 26.35 0.66 35.06 [16]
4 - -1
Ca 4 6.105 :ll]f;’ﬁzlslg _8:;25(1) 0.61 16.95 0.61 16.98  [17]
6~ 8.557 m1f1ds 1.0 0.06 6.99 0.06 8.67  [17]
8~ 9.276 v1ggplfss 1.0 0.26 6.39 0.25 7.94 [17]
3* 4.608 v2paplfs; 1.0 0.32 1.93 0.34 2.26 [17]
5+ 5.147 v2pgplfy 1.0 0.42 20.77 0.43 19.83  [17]
—1a0° - e
6=160 S 8.804 ;i?j/’ig% +g:ggg§ 0.34 7.11 0.37 8.01 [17]
208pp 9" 5.01 v20oLi 15 1.0 0.38 5.92 0.37 7.17  [19]
9+ 5.26 wlhgplh), 1.0 0.59 2.09 0.59 2.10 [19]
10~ 6.283 v1j15li 15 1.0 0.34 9.12 0.34 9.29 [19]
10 6.884 7li1z5lh 1.0 0.33 6.05 0.33 6.05  [19]
12- 6.437 v1j15li 15 1.0 0.70 3.35 0.68 3.57 [19]
12 7.064 7liglh 1.0 0.28 7.64 0.27 885  [19]
14 6.745 1] 1551 13 1.0 0.39 5.53 0.39 553  [19]
6=90° 10 5.920 vliyplisa, 1.0 0.63 18.90 0.69 20.63  [18]
0=160° 10° 5.920 vliqyylisa, 1.0 0.88 28.91 0.95 32.15 [18]
6=90° 12" 6.100 vliyplisa, 1.0 0.52 7.55 0.57 876  [1g]
0=160° 12 6.100 vliqyylig, 1.0 0.39 12.70 0.42 14.84 [18]
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