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Abstract

Short-range effects on C2, C3, as well as C4 form factors in the Mg nucleus,
were examined. The charge density distribution in this nucleus was also tested by
means of one and two body fragments of cluster enlargement in cooperation with
single-particle wave functions of harmonic potential. The correlation of Jastrow
form was employed to inset the influence of short-range into the two body fragment
of cluster enlargement. The nucleus of Mg was assumed to own a °O-core with
(A-16) nucleons dispersed over the sd-model space. The form factors in Mg
nucleus ascend from the core-polarization and model space involvements. The form
of Tassie model, subject to the charge density, was used to determine the transition
density of core polarization. The one body density matrix elements required for
determining the transition density of model space for various transitions in Mg
were found via carrying out shell model computations using the OXBASH program
with the universal-sd interaction of Wildenthal. The present calculations were

subjected to the oscillator and correlation parameters symbolized by b and £,
respectively. These parameters are self-sufficiently generated for every specific

nucleus by fitting between the calculated and observed elastic form factors. For
determining the charge density, elastic form factors and inelastic Coulomb form

factors for dissimilar excited states in ?Mg, one value is needed for b and /. This

study shows indications for the substantial predominance of short-range influences
on current computations, where considering these influences look to be requisite for
carrying out a distinguished adjustment in calculated results which ultimately leads
to a remarkable explication of the data throughout all the considered momentum
transfers.

Keywords: Electron scattering; Elastic form factors; Inelastic form factors; Charge
density; Short range correlation; sd-shell model; 2Mg nucleus
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1. Introduction

The most complex system in nature is the nucleus. The main task in exemplifying nuclei is
to comprehend the short inter-particle segment of nuclear wave functions. The task is a result
of the complex interactions among nucleons and the substantial nuclear density. Moreover, it
ensures that all essential measurements of the nucleus (for instance, the nucleon size, the
interaction range and the mean distance) to be good, making actual theoretical descriptions
rather difficult [1]. In addition, comprehensive information of Short-Range Correlations
(SRC’s) is fundamental to the structure of neutron and the nuclear symmetry energy [2, 3], the
bound nucleon and the structure functions of free neutron [4-8], as well as the neutrino
oscillation investigations and neutrino-nucleus interactions [9-13].

Various nuclear static properties are adequately clarified by existing models of average
field [14, 15], but not go as planned to elucidate the influence of SRC’s dynamic. Ab-initio
reckonings of many nucleon schemes [16-19] are still constrained to light nuclei as well as
soft interactions which modify short-range components in nuclear wave function. As a result,
real models are still desired to categorize the main physical technique at short distances and to
elucidate the mid and high mass nuclei [20-22].

The insert of SRC’s into the Slater determinant were achieved by by Massen et al. [23],
Massen and Panos [24], and Massen [25], joining commonly the N = Z light nuclei from the
standpoint of Born approach. Clark and Ristig [26], Ristig et al. [27], and Clark [28] utilized
the factor cluster expansion in an effort to create a formula for elastic form factors F,(q),

shortened at two body fragments. This formula of F,(q) was used in closed (*He, %0 and

40Ca) nuclei and open s-, p-, as well as sd-nuclei. The SRC’s influences on s, p, and sd nuclei
were accomplished by Massen and Moustakidis [29] precisely departing from the method
used by Massen et al. [23], Massen and Panos [24], and Massen [25]. Jastrow [30] used the
cluster enlargement and Jastrow function that interpolate SRC’s, to imitate explicit formulas
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to densities p(r) and F, (q). Actually, these formulas rely on the motion of a single particle

[31-33] rather than the relative 2-particle wave functions [22, 34]. It is crucial to assert that
the aforementioned investigations were only focused on effects of SRC’s on F, (q).

Inelastic coulomb form factors [F, (q)] with the attachment of SRC’s in **%N-nuclei

have recently been examined by Abbas and Hamoudi [35]. These nuclei comprise a **Ni-core
and (A-56) neutrons distributed over f5p space (defined by 1fsp, 2ps2 and 2pi» orbitals).
Indeed, because active protons are absent from the f5p-space, the calculated results of Abbas
and Hamoudi [35] were due only to the core-polarization involvement.

In the current research, the influences of SRC’s on F, , (q) in Mg nucleus was inspected,

where the calculated results arise from the contributions of the core-polarization and model
space. The research showed that there is a signal for the considerable predominance of short
range influences on the current computations, where implantation of SRC’s on F,, (q) looks

to be essential to obtain a noticeable improvement in the calculated results, which eventually
leads to interpret the data astonishingly over the momentum transfer under consideration.

2. Theory
The inelastic form factor in electron-nucleus scattering is specified by the following
equation [36]:

Frof = g gl f @] ) [ P @f @), ®

Where the momentum transfer and angular momentum are indicated by g and J, respectively,
the initial |i)=|J,T;) and final |f)=|J,T ) states are described by J, (spin) and T,
(isospin ), the electron-nucleus scattering Coulomb operator is represented by 'fJL(q), the

center of mass correction is symbolized by F_(q)=e®"/* (which is accountable for

disregarding false states formed from the center of mass motion as soon as the shell model
wave function is employed), the finite-sized nucleon correction is depicted by

F.(q) = g0430%/4 (which is assumed to be analogous for protons and neutrons), the atomic and

mass numbers are denoted by Z and A, respectively, and the parameter b is defined by
b= /(M ) [37], where 7=h/2z (his Plank’s constant) while @ and M, are the

angular frequency and the proton mass, respectively. Abridging the matrix element presented
in Eq. (1) in spin and isospin Eqg. (1) changes to [38]:

- T
Z( )”‘[_ o TJ<JT

TOl

2

[Fi@)| =

r@|aT)

Z2 (23 (2)

><||:(:m (q)| ‘Ffs(q)‘ '
In Eqg. (2), the 3-J symbol is represented by the bracket while the isospin T and isospin
projection T, are demarcated as:

T —T|<T<T, +T, and T, =—Z;N . 3)

The abridged matrix, displayed in Eq. (2), amid the states |i) and |f) of many-body

scheme is given via multiplying the One-Body Density Matrix (OBDM) and single-particle
matrix elements of Coulomb operator [37]:
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< a>, (4)

Where the states of a single-particle are signified by the symbols a and b. The OBDM,
shown in Eq. (4), is evaluated by [39]:

T, 0 TiJ\/EOBDM(AT:O)

o | 1)=208OM "G £,3,a,0) (b| T
a,b

-T, 0T

z

OBDM (7,) = (-1)"" ™ {
(5)

(T, 1 T - OBDM(AT =1
D TZ(—% 0 Tj\/— ; !

Where the single-particle isospin operator is represented by 7, .

To create the abridged matrix of many-body scheme of 'I:JL(q) operator, the core
polarization (cp) and model space (ms) involvements are added [39]:

<fT}(rz,q)i>:<f i>+<f i>. (6)

The ms involvement is expressed by:
<f T (z,,0) i>=jdrr2u(qr) Py (i, 1), )
0

Where the spherical Bessel function is symbolized by j,(gr) , and the transition charge

ms cp
T, (z5,0) T, (z;,9)

density of ms is symbolized by p7" (| f,r) and given by [39]:

Py, (i, fr) = ZOBDM(I £,3,5.357) (QY5 3Ry () Ry (1), (8)
ji’ (ms)
Where the radial and spherical parts of the harmonic oscillator wave function are denoted
by R, (r) and Y,, respectively.

The cp involvement is expressed by:
cp 0
<f T/ (r,0) i> = j dre’ j, (ar) o5, G, £.1), ©)

Where the transition charge density of cp, denoted by o7 (i, f,r), is reliant on the form

utilized for cp. The nuclear collective behaviors pI" (| f,r) ought to be supplementary to

Yo, J”TZ (i, f,r). Thus a complete transition density takes the form:

Py, (L f.0) = p3 (i, f,0)+ p32, (0, f,1) (10)
In cooperation with the nuclear collective behaviors, the o7 _(i, f,r) is anticipated to own
the form of Tassie shape [40]

th (i, f.r)=N; _(1"' )T
Where

Jldp @, f,r)

dr ' (1)

_[drr P (i, f,r)—/(23, +1) B(CJ)
N, , (12)
(2J +1)jdrr pE(, f,r)
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denotes the normalization constant obtained via amending of the reduced probability B(CJ)
to the observed one, and pJ (i, f,r) denotes the nuclear charge density of ground state.

For closed shell nuclei with N = Z, the p2 (r) is related to the ground state point nucleon
density p;°(r) by:

PEN=ZpEM,  (nefm?) (13)

To add in the influence of SRC’s into p° (r), the nuclear wave functions are formulated by:
¥ =FQ, (14)

Where: F represents a model operator that inserts SRC’s and @ represents the wave function
of a Slater determinant. The operator F must be symmetric in its argument(1...i... A),

translationally invariant, and possesses the cluster condition. To be more precise, when a
nucleon subdivision (i,...i,) is separated from the remaining (i i,), F disconnects into

pHL e
a combination of two variables, F(L... A)=F(,...i,)F(,,...i,) [28]. In the current
investigation, F is assumed as a Jastrow type [30]:
A
F=T]fr). (15)
i<j
Where the two particles SRC’s, f(r;) = f (‘Fi — ‘), are a function of a state sovereign given
by: f(ry) =1-exp[-A(F;, —T;)’], (16)
and possesses the attributes: f(r;) >1 for enormous magnitudes of T =‘Fi —FJ.‘ and

f(r;) >0 for r; —> 0. As a result, the SRCs influences implanted by Eqg. (16) comes to be
substantial for the slight magnitudes of g and vice versa.
The formulation of p.°(r)is given by [29]:

pEM) =N (W(F, T, T)[O, (T, Ty ., Fy))

=Ny (G, ).

Here W(r,f,,..,,) signifies the nuclear wave function shown in Eq. (14),

A7)

Np =(¥(F,, Fy o, F)|[¥(F, T, o)) denotes the normalization factor that is determined
by 47r_[pgs (r)r’dr =1, and ér symbolizes the 1-body density operator formulated as
0

6, =3.6,() =3 5(F ) (18)

To determine the distribution of p*(r), the generalized normalization integral was
used[29]:
ua)=¢ﬂkxma|«»ér

xy>, (19)

analogous to the operator O, from:

A olnl(e)
o]
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In cluster study of Eq. (20), the integrals I;(«), I;;(«) ... were used for subdivisions of a
system which possesses A nucleons and a factor cluster deconstruction of these integrals. The
expectation value of ér is expressed as [29]:

PN =Ny (0, )= ND{% +(6,) +...+<ér>A}, 1)
Where [29]:
<i

. A1 oInl; («)
<Or>1 :Z|: o :|a_0 B i
<ér> :iaﬂhm”(a)_ln|i(a)—lnlj(a)] -0
2 a “

i=1 i
i<j

A
R0, @F), (22)
=1
A A (23)
=Y (ii[Fal6, @)+ 6, @IF.[ii) - [(il6, @}i)+{ile. @),
i<j i<j
and so on. Hence, the identity operator is assumed to be Fi.

The cluster expansion causes to breakup of 1-body, 2-body, . . ., A-body correlation effects
on the density. Here, three-body and many-body components would not be used in this study.

As a result, the correlated density p*(r) of Eq. (21) (whch includes the influence of SRC’s)
converts into:

P =N, {6,) +(0,) | (24)
Applying Egs. (22) and (23) to Eq. (24), we get:

pE(r) ~ ND{_ﬁ(i 6, i)+ ZZA;<ij F.50, (1)F12\ij>a - 2i<ij|or (1)|ij>a} . (25)
For simplicity, Eq. (25) is expressed in a dissimilar formula as:
pgs(r)zNDKér>1+<é’>zz _<ér>21} (26)
where
<ér>l = Z(i 6, i), 7)
(6,) =23 (ii[Fs0, F.[i) . (29)
(6,) =23 iilo, W), (29)

If the 2-particle correlation displayed in Eq. (16) is considered, then:
FiFi = (- exp[-A(1, ~1,)* 1)L - expl-B(7; - 1;)°])

(30)
=1-29(r,,r,, B) +9(r,,1,,25)

Where:
g(r,r,,2) =exp(-zr?)exp(-zr/)exp(2zr, r,cosw,), (with z=p or 253). (31)
With the assistance of Egs. (30) and (31), Eg. (28) converts to:

(6,), =2 (iil6, - 29(r.1,. )+ (1,1, 28) i),

- 2{Z<ijlér i), - 23 (iile, @ g(r.. . i), + i

i<j i<j i<j

0, (M) g(r,r,, Zﬁ)lij>a} (32)
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For simplicity, Eq. (32) may be formulated as:
(6,), =(0,) —20,,(r,)+0y(r,25) (33)

Where the 2- particle part O,,(r, z) is expressed as:

0,,(r,2) =2 (ijl6, ij)_ . (34)

i<j

11720

Utilizing Eq. (33) into Eq. (26), we get:
PEO=N,{G,) ~20,,(r.f) + 0, (r25). (35)
Where p2*(r) is relianton f inserted by the correlation of Jastrow-type.

The 1-particle component <Or >1’ revealed in Eq. (35), is clearly specified and given by:
n A
(©.), = 2o, @)
= . (36)
=4y 7, (21 +2) =g, (r) g (1),
o A

Where 7, and ¢,,(r) symbolize the single particle’s radial wave function and the occupation

probability of the state nl, respectively. By means of the algebra of spherical harmonics, the
formula of O,,(r,z) exhibited in Eq. (34) changes to [29]:

Oy (r,z)=4 ZUnuiﬂnjuj 2+l +1)

il ngl;
I+, (37)
{4A::';“;"°(r,z)—Z(IiOI,-O\k0> A:’.';”;"k(r,z)} (z=4.2p)
where 7
Avt(r, 2) = ¢.:;.1 (14, (r) exp(-zr?)
(38)

x j Br, (1), (1) XP(=287) iy (22rm,)r7dr,
0

with (1,01,0/k0) and i (x) stand for the coefficient of Clebsch Gordan and modified

spherical Bessel function, respectively.
Actually, the formulae of Egs. (13)-(38) are proposed for closed shell (Z = N) nuclei with
n, =0 or 1. For open shell (Z # N)I nuclei, the same formulae can also be employed but

with 0<7n, <1.
The definition of mean square charge radii is given by:

(r > IP (ryridr, (39)
where

Z= 47rjp (r)rdr, (40)

is the normalization constant of pJ (r).
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Elastic electron scattering form factor F, (q) is associated with p$ (r), where F,(q) is
essentially the Fourier transform of pg° (r). i.e.:

Fu (@ =2 [ o8 (OJs @rdr @41

Including the corrections of center of mass F,(q) and finite size F(q) into Eq. (41), we
get:

Fa (@ =2 [ 0% (01 @ Fy (@F (@) (42)

3. Results and discussion
The computations of the charge density pJ (r), elastic form factors F, (q) and inelastic

form factors F,, (q) in Mg nucleus were achieved. Two types of computations were

executed employing harmonic wave functions of a single particle without (type-1) and with
(type-2) comprising of SRCs. The computation of type-1 relies only on the parameter b but
that of type-2 relies on the parameters b and S. The values of these parameters in type-1

{type-2}, presented in Table 1, were produced by revising b {b and £} in an attempt to
imitate the measured rms radius <r? >'> {the <r’ >U2 and at the same time to fit the

exp. exp.

calculated F, (q) with those of measured ones}. The calculated rms radius <r? >-2 and the

cal.

1/2

participation of SRCs, <r?>Y?=[<r2>_ —<r2 >, to <r2 >

cal.

in the nucleus under
study are also presented in Table 1. The measured rms radius <r2 >'? [41, 42] of Mg is

exp

also presented in the same Table for comparison. Actually, Table 1 demonstrates that b
possesses the disparity relation: b(type-1)>Db(type-2), where the inclusion of SRCs
upsurges the relative distance amidst nucleons which serially induces an increase in nuclear
size. Accordingly, the magnitude of b associated to the nuclear size (experimentally firm)
requires to be abridged.

Table 1- Created values of b, g and the involvements of one particle and two particle

densities to the complete rms charge radius [<r2 >£2 in Mg nucleus. Type-1 indicates the

computations of 1-body part (without SRCs) whereas type-2 indicates the computations of 1-
body plus 2-body parts (with SRCs).

rms charge radii [< > >t7 ] ) 1
Type b (fm) B (fm?) (fm) <Tg > exp.
Without SRC’s | With SRC’s Total (fm)
(1-body part) (2-body part)
1 1.895 0 3.0038 0 3.0938 3,060 [41]
2 1.721 1.75 2.8103 1.1057 3.0200 3.034[42]

The computed F,(q) and p%(r) in Mg nucleus are presented in Figurel(a) and
Figurel(b), respectively.
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In Figure 1(a), the elastic form factors are plotted against g. The blue and red solid curves
stand for the calculated F, (q) without and with the attachment of SRCs effects, respectively.

The open circle symbols stand for the experimental data of De Vries et al. [41], where the
obtainable data for 2Mg nucleus are restricted only on the momentum transfer region of
q<1.15 fm™. It is apparent that both computations of type-1 (blue solid curve) and type-2

(red solid curve) are in excellent accordance with the data. In fact, Figure 1(a) emphasizes that
the SRCs have no effects on elastic form factors at momentum transfer region q<1.15 fm*

(where the blue and red solid curves coincided with each other) but beyond that region, the
SRCs become operative on F, (q) (where these curves diverged noticeably from each other).
In Figure 1(b), the charge density pZ(r) (in fm?) was plotted as a function of r (in fm).
The open circle symbols signify the experimental charge density distribution [41] of Mg
nucleus whereas the blue and red solid curves signify the calculated pg (r) without and with
the supplement of SRCs effects, respectively. The participation of SRCs
P, (1) =pg(r)—pley(r) to pg(r) is also shown in Figure 1(b) by the red dashed curve,
where the behavior of p,(r) is shown by downswing and upswing round the r-axis. It is so
obvious that the central portion (0<r <2 fm?) {tail portion (r >2 fm™)} of open circle

symbols distribution is noticeably under predicted {well predicted} by both computations of
the blue and red solid curves. Also, the supplement of SRCs into the calculations of red solid
curve makes a substantial reduction {an insubstantial increase} in the central portion {tail

portion} of pP(r). This gives the interpretation that the supplement of SRCs causes to

upsurge the opportunity of shifting the protons from the central part to the surface part of the
nucleus which in turn causes to increase the rms charge radius of the nucleus. Hence, this
leads to reduce the rigidity of the nucleus, which is in contrary to the situation of non-
considering of the SRCs effects. To retain the nuclear size within the immobile measured
results, the value of b was diminished when including the SRCs effects, see Table 1.

0.08wss552,— ‘ .
o]

1E+0§
g 0.04
N_’IE-ZE qg
= : £
S ~
— 1E-4: =
: =~ 0
B)
E ‘ O-
1E-6: P \ L]
0 0.5 1 1.5 2 2.5

g (in fm-") -0.04- .

Figure 1: Elastic charge form factors F, (q) [Figure 1(a)] and the density distribution pg’ (r)

[Figure 1(b)] in the Mg nucleus. The blue and red solid curves are the obtained results
without and with comprising the short range effects, respectively. The contribution of SRCs

effects p,(r) to pg (r) is displayed in Figure 1(b) by the red dashed curve. The experimental
data described by open circle symbols are taken from [41].
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Next, the SRCs effects on inelastic form factors for different excited states in 2Mg nucleus
is discussed. This nucleus, which has a total isospin T =1, is assumed to own a closed shell of

80-core and 10 valence nucleons (4 protons and 6 neutrons) distributed over the sd-shell
model space defined by 1ds2, 2s12 and 1ds orbitals. The inelastic form factors in 2Mg

nucleus come up from both the cp transition charge density o5 (i, f,r) and ms transition
charge density pj7 (i, f,r). The cp effects on inelastic form factors were found by Tassie

model (Eq. (11)) in cooperation with the computed pg (r). The USD interaction [43] was

adopted to compute the OBDM elements of sd-space utilizing the OXBASH-code [44]. The
form factors for different excited states in 2Mg nucleus were computed using a single value
for each b and p. These values (displayed in Table 1) were found by the fit to the

experimental F, (q).

The comparison between the computed and measured inelastic Coulomb form factors for
transitions (J.2, T, > J{T,) from the initial (ground) state 0"1 to the final states 21, 3"1

i=gs i
and 471 is displayed in Figs. 2 to 14, where all the transitions under study are of isovector

character. The left and middle panels in these figures signify type-1 and type-2 computations
obtained without and with the supplement of SRCs effects, respectively. The dashed curves
stand for the participation of ms where the mixing of configurations is considered, the long-
dashed curves stand for the participation of cp where the collective behaviors were taken into
account and the solid curves stand for the complete participation obtained by adding the
effects of ms and cp. To simplify the comparison, we display the total form factors of the blue
solid curve (without SRCs) and red solid curve (with SRCs) in right panel.

The inelastic C2 form factors of 0"1— 271 transitions are displayed in Figs. 2 to 7, where
the parity of these transitions does not change between the initial and final states.

In Figure 2, the C2 outcomes for the 271 state (Ex = 1.809 MeV with reduced transition
probability B(C2) = 275+20 e?.fm*) [45] are displayed. The ms computation (blue dashed
curve), which has the main participation in the left panel, is not enough to describe the
measured form factors (open circles). It is obvious that the ms participation clearly under
predicts the data at all momentum transfer under investigation. Considering the cp effect (blue
long-dashed curve) as a supplement to the ms computation provides a substantial amendment
to the C2 outcome. The influence of cp enhances the result (blue solid curve), where this
curve (which is still under predicting the data) was closer to the data than that of the ms. In
the middle panel of Figure 2, the computations were repeated exactly as in the left panel but
this time the SRC’s effect was comprised. In the right panel of Figure2, the comparison
amongst the total C2 form factors without SRC’s (blue solid curve) and with SRC’s (red solid
curve) together with those of the measured data (open circles) is displayed. It was noticed that
the comprising of SRC’s led to progress the outcomes (red solid curve) and made them in
very good accordance with the data.
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Figure 2: Square of inelastic form factors in 2Mg nucleus for the state 2* (1.809 MeV). The
left and middle panels are type-1 and type-2 calculations gotten without and with the
supplement of SRC’s effects, respectively. The dashed, long-dashed and solid curves are the
ms, cp and total contributions, respectively. For comparison, the total form factors of the blue
solid curve of the left panel (without SRC’s effect) and the red solid curve of the middle panel
(with SRCs effect) are displayed in the right panel. The experimental data (open circle
symbols) are taken from [45].

In Figs. 3 to 7, the calculations are recurrent precisely as in Figure 2 but this time for
transitions to final states 271 with Ex = 2.938 MeV and B(C2) = 12.1+7.1 e?.fm* Ex = 7.082

MeV and B(C2) = 3.5+0.6 e2.fm* Ex = 8.892 MeV and B(C2) = 4.8+1 e%fm* Ex = 10.838

MeV and B(C2) = 1.2 e%.fm* and Ex = 10.990 MeV and B(C2) = 3.4+0.8 e?.fm*, respectively
[45]. The left panel of these figures demonstrates that the ms calculation, which has a small
contribution, fails to explain the measured data (open circles). It was apparent that the ms
contribution largely underestimated the data at all considered momentum transfer.
Considering the effect of cp as an enhancement to the ms calculation led to a strong revision
to the form factors. It is very obvious that the cp effect significantly improved the outcome of
the blue solid curve, but the data were still underestimated to some extent by this curve, where
the blue solid curve was nearer to the data than that of the blue dashed curve of the ms effect.
The calculations were reiterated in the middle panel of these figures just as in the left panel
but now the effect of SRCs was included. The comparison among the C2 outcome without
and with SRCs alongside those of the observed data was presented in the right panels. It is
seen that including the effect of SRCs increased the strength of C2 result (red solid curve) and
brought them in accordance with the data.
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Figure 3: The same as in Figure 2 but for 2 (2.938 MeV) state.

- L I B T T
Cc2 2%(7.082 MeV) | | C2 2*(7.082 MeV) |
26M 7 [ 26M 7
) o e ) oy 9
10° 110t /’” .
1 r y 7N\
2 it N
I \ o\
5 | 5 \ |
10°; \ 10° e
L) ‘,"’ L \‘\ L Y A ‘\\iﬁ_‘ i
0 04 08 12 1.6 2 0 04 08 12 16 2
g (in fm1) q (in fm1)
— — ;
| C2 2*(7.082 MeV) |
26 7
oo Mg
10" :
_
§ /
£.E
10° E

0 04 08 12 16 2
g (in fm1)
Figure 4: The same as in Figure 2 but for 2 (7.082 MeV) state.
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Figure 5: The same as5 in Figure 2 but for 2* (8.892 MeV) state.

T I I T I ] [ I I T I i
C2 2%(10.838 MeV) | Cc2 2*(10.838 MeV) |
26\ 26M
-4 41 — il
o 1070 N 10 % \\ .
= T \
Y / A
— LI— \
% | / \
10°F T AT
I I [N B L0 v ey ]
0O 04 08 12 16 2 0O 04 08 12 16 2
q (in fm1) q (in fm™)
[ I T T I T I ]
Cc2 2%(10.838 MeV) |
% 26Mg
o 10*F .
§ -
&.E
10°F E
i I | I | I | I I ]
0O 04 08 12 16 2

q (in fm1)

Figure 6: The same as in Figure 2 but for 2* (10.838 MeV) state.
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Figure 7: The same as in Figure 2 but for 2* (10.990 MeV) state.

In Figs. 8 to 11, the work as in Figure 2 was replicated but now for inelastic C3 form factors
computed for transitions from the initial (ground) state 0°1 to final states 371 with (Ex =
7.691 MeV and B(C2) = 446+ 223 e%.fm®), (Ex = 7.830 MeV and B(C2) = 546+ 59 e2.fm°®),
(Ex = 8.181 MeV and B(C2) = 947+154 e%fm% and (Ex = 10.330 MeV and B(C2) =

238+115 e2.fmb), respectively [45]. It is clear that the parity of these transitions changed
between the initial and final states.
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Figure 8: The same as in Figure 2 but for 3 (7.691 MeV) state.
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Figure 9: The same as in Figure 2 but for 3 (7.830 MeV) state.
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Figure 10: The same as in Figure 2 but for 3° (8.181 MeV) state.

Figures 8 to 10 reveal that the ms involvement (dashed curve) in the left and middle panels
is unsuccessful in clarifying the observed data (open circles). Where this involvement highly
underestimated the data at all considered q values. The left and middle panels confirmed that
the observed data were determined mainly through the cp effect (long-dashed curve), where
the ms involvement is so small (of order 10°) compared to that of cp (of order 10%).
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However, the cp effect shows the main role of transitions and form factors, as displayed in
Figs. 8 to 10, where the cp effect of the blue long-dashed curve (without SRCs) slightly
underestimated the data, while that of the red long-dashed curve (with SRCs) agreed well with
the data. In the right panel of Figs. 8 to 10, the judgment amid the C3 form factors of the blue
and red solid curves in conjunction with those of the data of open circles is exhibited. It is
apparent that incorporating SRCs enhanced the C3 form factors (red solid curve) and made
them consistent with the observed data.

Figure 11 indicates that the ms (dashed curve) and cp (long-dashed curve) effects
(displayed in the left and middle panels) are essential in determining the C3 form factors,
where both are in the same order of magnitude, but the cp effect is larger than that of the ms
by about a factor of 2. The right panel of this figure showed the judgment amidst the inelastic
C3 form factors of the blue and red solid curves in association with those of open circles. It
was obvious that including the SRCs influence improved the C3 results (red solid curve) and
led them to be in accordance with the measured data.
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Figure 11: The same as in Figure 2 but for 3" (10.330 MeV) state.

In Figs. 12 to 14, the calculations as in Figure 2 were restated, this time for inelastic C4
form factors calculated for transitions from the 071 to the states 4'1 with (Ex = 4.875 MeV
and B(C2) = 26000+ 7000 e?.fm8), (Ex = 5.720 MeV and B(C2) = 13000+5000 e2.fm®) and
(Ex = 10.680 MeV and B(C2) = 7400 +[¥% e2.fmd), respectively [45]. Here, the parity of
these transitions did not change between the initial and final states. These figures show that
the ms participation (dashed curve) in the left and middle panels was unsuccessful in
describing the data (open circles), where this participation evidently undervalued the data at
considered g values. The left panel of these figures shows that the cp effect (blue long dashed

curve) clearly overestimated the data in Figure 12, reasonably estimated the data in Figure 13,
and clearly overestimated the data at q < 0.8 fm™ in Figure 14. However, the cp effect, as a

complement to the ms computation, provided a substantial change to the computed C4 form
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factors (blue solid curve). It was noticed that the data in Figure 12 {Figure 13} were evidently
{slightly} underestimated via the blue solid curve. While in Figure 14, the data were well
estimated at q<1 fm™ and clearly underestimated at 1< q<1.15 fm™? by that curve. The
computations were reiterated precisely in the middle panel of these figures as in the left panel,
but here the SRC’s effect was involved. In the right panel of these figures, the comparison
among the C4 results (blue and red solid curves) in combination with those of the data is
presented. It was seen that the addition of SRCs influence increased the improvement of C4
form factors (red solid curve) which made the computed outcome agrees with the data.
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Figure -12: The same as in Figure 2 but for 4% (4.875 MeV) state.
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Figure 13: The same as in Figure 2 but for 4" (5.720 MeV) state.

1373



Al-Rahmaniet al. Iragi Journal of Science, 2024, Vol. 65, No. 3, pp: 1357-1376

- ca 4+(10.680MeV)§ L C4 4*(10-680MeV)§
25Mg i _ ~#Mg
10*E f’ 10* *}/ \
x : jf S
= i /’/ RIS
L 105 M3 N
10— \/ P B | B 10— \/s\,’\ P I
0O 04 08 12 16 2 0 04 08 12 16 2
q (in fm-1 q (in fm1)
71 I N
! 4* (10.680 MeV) ]
26Mg
10*E
o~ 4
G
iy 107} J
10-6 L | L | L | L | \\‘
0 04 08 12 16 2

q (in fm1)
Figure 14: The same as in Figure 2 but for 4* (10.680 MeV) state.

4. Conclusions

It was found that considering the core polarization effect as an enhancement to the model
space calculation greatly improved the computed form factors, but the data are still in
disagreement to some extent. It was also found that there was a considerable predominance of
short-range effects on the current computations, where inserting SRC’s effects on inelastic
form factors seemed to be fundamental for achieving a noticeable improvement in the
calculated outcomes, which led to interpreting the measured data remarkably across the
considered momentum transfers q.
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