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ABSTRACT:
The effects of the two-body short range correlation (SRC's) and the occupation probability
(77) of higher states on the elastic electron scattering longitudinal form factors F(q)'s are

investigated. Considering the effect of higher occupation probabilities and the effect of SRC's
are important in getting good agreement between the calculated elastic longitudinal electron
scattering F(q)'s and those of experimental data for “He, **C, *°0, %si, *2S and *°Ca nuclei.
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INTRODUCTION:

The scattering of electrons from nuclei give the most precise information about nuclear size and
charge distribution, and it provides important information about the electromagnetic currents inside
the nuclei. Electron scattering can provide a good test for such calculation since it is sensitive to the
spatial dependence of the charge and current densities [1,2,3].

The electron — nucleus interaction is considered [4] in the first Bon approximation as an
exchange of virtual photon carrying a momentum transfer g. In this case the initial and the final
particles are considered free and can be represented by plan wave.

According to Born approximation the interaction of the electron with charge distribution of
nucleus is considered as an exchange of a virtual photon with zero angular momentum along the
direction of g, this is called longitudinal or Coulomb scattering.

The effect of the short range correlation due to the repulsive part of two-body interaction on the
charge form factor of several p-shell nuclei has been analyzed in detail [5] with an independent
particle model (IPM) generated in the harmonic oscillator (HO) well [6,7]. In ref [5], it was shown
that the high-momentum parts (q>3 fm™) of the form factors calculated with and without
correlations behave in completely different ways, which indicates that electron scattering at high
momentum transfer could give useful information on the short-range correlations. The form factors
measurement were reported by Bergstrom et.al. [8] for the electroexcitation of the 0* (6.052-MeV),
37 (6.131-MeV) and 2" (6.916-MeV) states of *°O, in the momentum transfer region 0.5 to 1.0 fm™.
The data were compared with the predictions of various particle-hole shell models and a two-
component phenomenological model.The elastic electron scattering cross section for the nucleus
12C was measured in momentum transfer range of 0.25 to 2.75 fm™. The data were analyzed in a
model independent way with Fourier-Bessel parameterization of the charge distribution. For the
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root mean square (rms) radius, the value of <r2>1/ 2=(2.464J_r0.012) fm was obtained. This value

agrees with those of other electron scattering experiments and with muonic atom experiments but
disagrees with the data obtained from measurements of muonic X-ray transitions with a crystal
spectrometer which shows a larger rms radius, measured by Reuter et. al. [9]. Massen and
Moustakidis [10,11] derived analytical expressions of the one and two body terms in the cluster
expansion of the charge form factors and density distributions of sp- and sd- shell nuclei with Z=N.
Those expressions were used for the systematic study of the effect of short range correlations on the
form factors and densities, and they depend on the parameters b and g, which represent the
harmonic oscillator parameter and the correlation parameter, respectively. These parameters were
determined for various sp- and sd- shell nuclei by fitting the theoretical charge form factor to the
experimental one. Electron scattering Coulomb form factors for the single-particle quadrupole
transition in 1p and sd- shell nuclei have been studied by Radhi [12] taking into account the core-
polarization effects, derived from the first-order perturbation theory. The inclusion of these effects
modified the form factors markedly and described the experimental data very well.
THEORY

Elastic electron scattering form factor from spin zero nuclei (J =0), can be determined by
the ground — state charge density distributions (CDD). In the Plane Wave Born Approximation
(PWBA), the incident and scattered electron waves are considered as plane waves and the CDD is
real and spherical symmetric, therefore the form factor is simply the Fourier transform of the CDD.
Thus: [13,14,15]

F(q) = “Z—”f 20 (1) Jo(qr)rdr M
0

where p, (1) is the ground state 2BCDD.
Jo(gr) =Sin(qr) /(qr) is the zeroth order of the spherical Bessel function and ¢ is the momentum
transfer from the incident electron to the target nucleus. Eq. (1) can be expressed as

F(@) =22 p,(r)Sin(@nr dr )
aZ

Inclusion of the finite nucleon size correction F(q) and the center of mass correction F, (q) in
our calculations requires multiplying the form factor of eq (2) by these corrections. F(qQ) is

considered as free nucleon form factor and assumed to be the same for protons and neutrons. This
correction takes the form [16].

Fro(q) =€ 04%°/4 @)

and the correction F_,(q) removes the spurious state arising from the motion of the center of
mass when shell model wave function is used and given by:

_ 0% /4A
Fem () =€ (4)
where A is the nuclear mass number. Introducing these corrections into eq (2), we obtain
47 % .
F(q)= q_ZI Po(r)Sin(gr)r dr F(q) Fen (9) ®)
0

In the limit of q — 0, the target will be considered as a point particle, and from eq.(1) with the
help of the following equation,

Z =47zofpo(r) r? dr (6)
0
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the form factor of this target nucleus is equal to unity, i.e. F( @ — 0)=1. The elastic longitudinal

electron scattering form factor with the inclusion of the effect of the short-range correlation in light
nuclei can now be obtained by introducing the ground state 2BCDD of Ref.[15] together with those
of egs.(3) and (4) into eq (5). We also wish to mention that we have written all computer programs
needed in this study by the languages of Fortran 90 power station .

RESULTS, DISCUSSION AND CONCLUSIONS

The elastic electron scattering longitudinal form factors F(q) from the considered spin-zero nuclei
are determined in terms of the calculated 2BCDD's of the ground state and momentum-transfer (q)
using the Plane Wave Born Approximation (PWBA), where the charge form factor is a Fourier
transform of the ground state 2BCDD's and vice versa .

The calculated elastic longitudinal charge form factors F(q) for various closed and open 1s, 1p
and 2s-1d shell nuclei with Z=N are carried out on the basis of equations of Ref [15] and equation
(5). We have examined two cases for the form factors F(q) as those of the 2BCDD's, named case 1
and case 2 of Ref [15].

In figures (1) to (6), the calculated F(q)'s are compared with those of experimental data for “He,
12¢, 10, ?8si, *25, and “°Ca nuclei, respectively. Parts a and b of these figures are the calculated
results based on case 1 and  case 2 . In the above figures the calculated F(q)'s are plotted as a
function of g while those of experimental data are plotted as a function of e, where

1/2

2 1/2
qeﬁ:q{1+§ z€ } and R = \E<r2> [16],where E; is initial energy and (r*) is root mean

2E;R

i'‘c
square. The dashed and solid curves are the calculated F(g)'s without (r. =0) and with
(r. =0.5fm) the inclusion of the effect of two-body short range correlation functions (SRC's),

respectively whereas the dotted symbols are those of experimental data.

1. “He nucleus:The elastic longitudinal F(g)'s of “He nucleus is displayed in figure (1). As it is
obvious from parts (a) and (b) of this figure that the solid curves are better in describing the
experimental data [17,18] than those of the dashed curves. Since the solid curves in (a) and (b)
agree quite well with the data up to g=3.2 fm™ and underestimate these data at q > 3.2 fm™.
Besides, these solid curves indicate that the inclusion of two-body SRC's tends to move the
locations of the diffraction minima into the regions having less momentum transfer than those of
dashed curves.

The quality of agreement between the calculated F(q)'s and those of experimental data even
becomes better in part (b) than part (a) since the solid curve in (b) becomes closer to the data at
higher momentum transfer of q > 3.2 fm™ than that of part (a). Besides in part (b), the location of
the diffraction minimum is reproduced in the correct place while in part (a) there is a shift of about
Ag =0.15 fm™ between the locations of the calculated and experimental diffraction minima as seen
in the solid curves of this figure. It is concluded from this figure that considering the higher state
1pss» with occupation probabilitynlpy =0.2 together with the introduction of the two-body SRC's in

2

the calculation (the solid curve of part b) leads to reproduce better result for the calculated F(qg)'s
than that of part a (casel).

2. 2C nucleus:The elastic longitudinal form factors of *2C nucleus are presented in figure (2). It
is noticed from this figure that both the magnitude and the behavior of the calculated form factors in
case 1 and case 2 are in a very good agreement with those of experimental data [19] throughout the
whole range of momentum transfer ¢. Besides, the locations of the calculated diffraction minima in
both cases are reproduced in the correct place. It is also noticed that the introduction of the two —
body SRC's in the calculations of both cases (the solid curves ) leads to enhance slightly the values
of the calculated form factors in the region of momentum transfer q >1.7 fm™ and consequently
tends to improve the calculated results of the form factors as seen by the solid curves since they
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become closer to the experimental data than those of dashed curves. Inspection of parts (a ) and (b )
of this figure gives an indication that case 1 is better representing the experimental data of form
factors in *2C nucleus than that of case 2 .

3. '°0 nucleus: In figure (3) we explore the calculated results for the form factors of *°O nucleus.
It is evident from this figure that the calculated results obtained in both cases are nearly the same.
This is attributed to the chosen values of occupation probabilities in case 2 which are nearly the
same as those of  case 1. It seems that the calculated results of case 2 are not affected by the small
change that we have done in the values of the occupation probabilities of case 2. However, the
dashed and solid curves of both cases are in reasonable agreement with those of experimental data
[19] up to momentum transfer q=2.8 fm™. The first diffraction minimum which is known from the
experimental data is very well reproduced by the calculations of case 1 and case 2. It is seen from
this figure that there is a disagreement between the experimental and calculated form factors of this
nucleus at momentum transfer g~3 fm™ where it seems that there is a second diffraction minimum
in the experimental data which cannot be reproduced in the correct place for both cases. This figure
also demonstrates that the effect of the two—body SRC's starts at the region of momentum
transfer q>3.1fm™ where the solid curve, in both cases, deviates from the dashed curve at this
region of g.

4. ®si nucleus:The form factors of 28Si are displayed in figure (4 ). It shows that the calculations
of case 2 are better in reproducing the experimental data than that of case 1. In both calculations of
case 1 and case 2 , the experimental data [20] of 2Si nucleus are very well reproduced up to g=2.3
fm™. In the region of q >2.3 fm™ of case 1, both the behavior and the magnitude of the calculated
form factors dispredict the data. It is obvious that the calculated second diffraction minimum
(located at g ~2.7 fm™) is not in agreement with that of experimental data (located at q ~2.35 fm™).
Besides, the third diffraction minimum which is presented in the experimental data ( located at
g=3.4 fm™) is not reproduced by the calculation of case 1. It is seen that the effect of the two-body
SRC's begins at the region of momentum transfer q > 2.8 fm™ (see the solid curve in case 1) and
leads to reduce the enhancement of the calculated result of the form factors. While in case 2, this
effect starts at the region of q =1.25 fm™ (see the solid curve in case 2) and leads to increase
the enhancement of the calculated form factors which consequently tends to improve the calculated
result of case 2. It is noted, in case 2, that the behavior of the calculated results (the solid curve) is
in a very good agreement with that of the experimental data throughout the whole range of g.
Besides, the first, second and third diffraction minima which are presented in the experimental data
are quite well described by the solid curve. It is also noted that the solid curve of case 2
underestimates the data at the region of momentum transfer g > 2.3 fm™.

5. %S nucleus: The form factors of ®2S nucleus are presented in figure (5). It is very clear that
there is a disagreement between the calculated result of case 1 and those of experimental data [20].
Where the behavior, the magnitude of the calculated form factors at q > 1.2 fm™ and the locations of
the calculated diffraction minima are not in accordance with the experimental data in this case.
While in case 2, the calculated result of the form factors are in good agreement with those of
experimental data up to the region of momentum transfer q ~3fm™. The behavior of the calculated
results are also in very well accordance with the data. In addition, all the experimental diffraction
minima of this nucleus are reproduced in the correct places as seen in the solid curve of case 2. This
figure shows that the effect of the two — body SRC's is small up to q ~2.7 fm™ while for higher q it
becomes progressively larger since it reduces the calculated form factor significantly at this region
of g as seen in the solid curves of case 1 and case 2 .

6. “°Ca_nucleus: Figure (6) demonstrates the form factors of “°Ca nucleus. It is noted from case 1
that the calculated form factors are in a good agreement with those of experimental data [21] for all
range of q with the exception of the region 1 fm™ < q < 2 fm™. In this region, the calculated form
factors underestimate slightly the experimental data and the calculated second diffraction minimum
is not reproduced in the correct place. In fact, an improvement for the calculated form factors is
obtained with considering the higher state 2ps/, in the calculations of case 2. Since the occupation
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probability of this state is taken as 7, » =0.15 . As it is evident from case 2 of this figure that there
2

is a very good agreement between the calculated and experimental form factors throughout the
whole range of momentum transfer q. Here, both of the behavior and magnitude of the calculated
curves are in a very good agreement with those of experimental data. Besides, the calculated first
and second diffraction minima are in coincidence with those of the experimental data. The same
argument can be applied here for the effect of the two-body SRC's as that of figure (5), i.e. the
effect is small up to q ~2.8 fm™ whereas for higher q it becomes larger and it decreases the
calculated form factors as seen in the solid curves of case 1 and case 2.

Finally the effect of higher occupation probabilities and SRC's are well established for the
analysis of elastic scattering and we see good agreement between the calculated elastic longitudinal
F(q)'s and those of experimental data.
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Figure (1): Elastic form factors for “He nucleus. The dotted
symbols are the experimental data of Ref [17,18].
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Figure (2): Elastic form factors for 2C nucleus. The dotted
symbols are the experimental data of Ref [19].
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Figure (3): Elastic form factors for °O nucleus. The dotted
symbols are the experimental data of Ref [19].
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Figure (4): Elastic form factors for 2Si nucleus. The dotted
symbols are the experimental data of Ref [20].
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Figure (5): Elastic form factors for *2S nucleus. The dotted
symbols are the experimental data of Ref [20].
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Figure (6): Elastic form factors for “°Ca nucleus. The dotted
symbols are the experimental data of Ref [21].
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