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Abstract

Inelastic Coulomb form factors with inclusion of the effect of short-range
correlation functions for certain assignment excitations (such as 2" (1.33), 2%(2.16),
4%(2.50), 4°(3.13), 4°(3.67), 37(4.04), 37(6.20), and 37(7.05) MeV) as well as for
uncertain assignment excitations (such as 4.85 (2%, 4"), 5.05 (4", 6*) and 6.85 (2%, 5")
MeV) in **Ni atomic nucleus have been scrutinized. The form factors of uncertain
assignment excitations have been computed by decomposing the excitations 4.85,
5.05 and 6.85 MeV to (C2 and C4), (C4 and C6), and (C2 and C5) components,
respectively. The charge density of the ®°Ni has been also scrutinized using the one-
and two-particle parts of cluster extension in collaboration with single-particle
harmonic wave functions. The short-range correlation of Jastrow formula, which
relies on the correlation parameter (), has been incorporated into the two-particle
part of cluster extension The nucleus of ®Ni consists of a Ni-core plus four
energetic neutrons dispersed in f5p-model space, where this nucleus has no
energetic protons outer the **Ni-core. Thus, inelastic Coulomb form factors of 'Ni
have been exclusively computed from the core polarization transition charge density
using Tassie formulation, relying on the computed charge density. The oscillator
parameter (b) and correlation parameter (B) have been applied to existing
calculations, where b and [ have been independently created for every specific
nucleus through matching between the anticipated and measured elastic form
factors. In this study, a single value for each of b and P has been used to compute
the inelastic form factors for diverse excitations in ®Ni, where the computed results
show a well accordance with available data. It is concluded that the influence of
short-range correlation functions rules substantially the existing computations,
where this effect seems to be crucial to creating an important modification to the
predicated findings which ultimately leads to elucidate the data astoundingly across
all assumed momentum transfers.

Keywords: Electron scattering; Elastic and inelastic form factors; Nuclear density;
Short- range effects; *°Ni atomic nucleus.
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1. Introduction

The atomic nucleus is recognized as the supreme convoluted structure. Understanding
how the short inter-particle piece of wave function works is fundamental for explaining
nuclei. The difficult task is a result of the convoluted interactions amid nucleons and the
substantial nuclear density. Besides, it ensures that all important measurements of the nucleus
(for example, the mean distance, the interaction range and the nucleon size) to be accurate,
which makes real theoretical explications to some extent hard [1]. The structure of the
neutron [2, 3], the bound nucleon [4-8], in addition to the investigations of neutrino
oscillations and neutrino-nucleus interactions [9-13], all rely notably on having a
comprehensive concerned of short-range correlations (SRCs).

Existent models of the average field aptly explicate various static features [14] in nuclei;
nonetheless they don’t prosper in elucidating how the SRCs dynamic affects these features.
Ab-initio predictions of many-particle system [15—18] are still classified for light shell nuclei
with soft interactions that modify short-range component of the wave function. Hence, actual
models are still favored to sort the principal physical process at short distances and to
explicate the middle in addition to the high mass nuclei [19-21].

The consolidation of SRCs into the Slater determinant was fulfilled by studies [22-24],
involving commonly N = Z light nuclei from the standpoint of Born approximation These
studies tried to establish a formulation for elastic form factors, F,(g), abbreviated at two

particle fragments using the factor cluster expansion [25-27]. This formulation was employed
to open s-, p-, as well as sd-shell nuclei in addition to closed (*He, 'O and “°Ca) nuclei. The
effect of SRCs on the s, p, and sd shell nuclei were attained by [28] with utterly different
from the tactic employed by [22-24]. Cluster expansion and Jastrow function, which
interpolates SRCs, were used by [29] for creating apparent formulations to elastic form
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factors F,(q) and densities p(r). In fact, these formulations are reliant on the single particle

motion [30,31] as an alternative of the relative two-particle wave functions [21]. It is
fundamental to indicate that the studies listed above were uniquely joined with the influence
of SRCs on elastic F,,(q).

In this research, the effect of SRCs on inelastic form factors F, ,(q) of the ®*Ni nucleus

has been searched for a number of excited states using a single value for each of » and P,
where the existing calculations have been noticeably controlled by this effect. It is found that
the effect of SRCs is a crucial for producing a substantial amendment to the predicated
findings which ultimately leads to explain the data through all supposed momentum transfers.

2. Theory
Inelastic form factor for scattering of electron from nucleus is expressed as [32]:
2
2
P Z(TKfH Fo )| R @ R, ()
i> = |J .T.> and

| f >:‘J‘/,Tf> symbolize the initial and final states considered as J, , (spin) and T,

(isospin), Tt 7 (q) symbolizes the electron-nucleus scattering, F (q)=e?""/** symbolizes the

center of mass (cm) correction (which is accountable for ignoring untruthful states created
from the center of mass motion after using the wave function of the shell model),

Fi(q)= o 044 symbolizes the finite-sized nucleon (fs) correction (which is rumored to be

alike for neutron as well as proton), Z and A4 symbolize the atomic and mass numbers,
correspondingly, and b= [h /(M ,@) [33] symbolizes the oscillator size parameter, where £

symbolizes Plank’s constant and 7=h/27z, M, symbolizes the mass of proton and @

symbolizes the angular frequency. Reducing the matrix presented in Eq. (1) gives [34]:

Z( " T”{_‘Z/ g TTJ<JT >

T7=0,1

F, <q>|2 \Fﬁ @) -

2

2

The bracket, in Eq.2, signifies the 3j- symbol, while 7 (isospin) and 7 (isospin projection)
are demarcated by

. Z-N
T, ~T,|<T <T, +T, while T, ==~ 3)

The abridged matrix, displayed in Eq. (2), is delineated by [33]:
< Ak > =S 0BDM " (i, f.J.a,b) <b |74 | a>. )
a,b

Here the states of single-particle are demarcated by a as well as . The One-Body Density
Matrix (OBDM), revealed in Eq. (4), is assessed by [35]:
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_ T o T _
OBDM (z.) = (-1)" Tl[; . T’Jﬁ OBDM (AT =0)

)

2

T, 1 T _
HZ(_DT,_TZ( " j Jg OBDM (AT =1)

-7. 0 T
here 7_ defines the isospin operator of single particle.

To engender the many-body reduced matrix elements of the T '/ (q) operator, the model
space (ms) as well as core polarization (cp) involvements are added [35]:

(AT @0 li)- <f i> - <f > (6)

The involvement of the ms, displayed in Eq. (6), is defined by:
<f 7ATIL(TZ’q) l> :Idrrzjj(qr) pﬁz (iafar)a (7)
0

where j,(gr) designates the spherical Bessel function, and p}° (i, f,r) designates the ms

ms @
T/(t,,9) T/ (t,,9)

transition charge density defined by [35]:

ms

p;nsrz (la f: I') = ZOBDM(Z’ f’ J’ j’ j,’ Tz) <J "YJ ||Jl> Rnl (I') Rn'l' (I') ’ (8)
Jj'(ms)
where R, (r) and Y, designate the radial and spherical parts of the wave function,
respectively.
The involvement of the cp, in Eq. (6), is defined by:

<f fJL(Tz,q)

where pjpTZ (i, f,r) designates the cp transition charge density, that defines the nuclear

i> = [drr*j, (qr) P2, (i, f 1), ©)

collective modes and depends on the formulation utilized for cp. So the complete transition
charge density has the form:

P, @ fir)=ps (G fr)+pf (. f,r) (10)
In this investigation, pj (i, f,r) is rumored to hold the formulation of Tassie [36]:
dpg, (> /1)

@ ¢ 1 _
Pﬁz(l,f,r)=NT5(1+Tz)r‘” r

where

(1)

Tdrr‘”z P, f,r) = (2], + 1) B(CJ)
N, =2 — , (12)
QJ + 1)] drr® p& (@i, f,r)

defines the normalization constant created by amending of the reduced transition intensity
B(CJ) to the observed one, and p% (7, f,7) defines the nuclear charge density of ground
state.

Note that the density pZ (7) of closed shell nuclei (with N = Z) may be allied to that of

point nucleon density o3 (r) by:
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P (r)=%p§“’ (). (13)

To accommodate the SRCs effects into pl“;’s (), the wave function of many-particle is given
by:

Y=FO, (14)

where F indicates a model operator that inserts Short Range Correlations (SRCs) and @

denotes the wave function of Slater determinant. In this investigation, F' is chosen as a
Jastrow model [29]:

F:Hf(rij), (15)
where f(r,) = f (|7, -
defined by:

f(r))=1=exp[-p(F —7)*], (16)

which holds the properties: f(r;) =1 when 7, = ‘171 —171‘ isbigand f(r;) — 0 when 7, - 0.

Thus, the effectt of SRCs, implanted by Eq. (16), becomes larger for small values of SRC
parameter 3 and vice versa.

An obvious formulation to ;" (r)is written as [28]:
PE (1) = Np (B Ty s F O Py F)) )
¥, (0.

where W(7,,7,,...,7,) is the nuclear wave function of many-particle system displayed in Eq.
(14), N, = <‘P(171 3Py geens FA)|‘P(771,172,..., r, )>_l 1s a constant created by: 47rjp§s (r)yridr=1,
0

while é, defines the one-body density operator given by:
0, =§A:5,(i) =ZA:5(7—;3). (18)
i1 i1
To determine p;’ (r), the integral of generalized normalization was employed [28]:
I(a)= <‘P‘[exp[a 1(0) O,,“{’>, (19)

like the operator 0,. from:

-\ _[olnI(a)
o],

In cluster inquest of Eq. (20), the integrals /,(a), I,;(a) ... were employed for segments

of a system that has A4-particles and a factor cluster disassembly of these integrals. Then
py (r) is formulated as [28]:

p§S(r)=ND<0 =N, {<0 O >2+...+<é,>A}, 1)

where:

< > i{@ln[ (a)}

1

(0, ), (22)

a=0 i=1
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A 49
<0, >2 = Z% [n7,(@)~n1,(@)~nI, (og)]a:0
- (23)
=Y (Fs0, )+ 6, @1Ful) - [, i)+ (o, @)
i<j
and so on. Here, the identity is denoted by F 1.

The cluster extension aims to breaking up of one-particle, two-particle, ..., A-particle
correlation effects on the density. Here, three-particle as well as higer-particle components

would not be employed. As a result, the correlated density p;’ () of Eq. (21) amends into:

0=, f0) +(0) |
(24)

Using Eqgs. (22) and (23) into Eq. (24), we find:

P~ N {Z<

+zz<y\ﬂza (DFyif) ~23 (i, ), }

i<j i<j
(25)
For simplicity, Eq. (25) can be specified as:
p;""(r) ~Np {<0’>1 * <Or>zz B <0’>21}
(26)
where
~ A A
(0.), =3 e, ).
(27)
~ A
<Or>22 = 2; <U‘F1§0r (I)EZ‘U>Q s (28)
R A
<0, >21 - 2;<y|0r i) - (29)
Using the form of the two-body SRCs of Eq. (16), then:
FoFy = (- expl-A( - £)"1)(1 - exp[-B( - 7)) 0
=1—2g(7‘1,7'2,ﬁ)+g(7'1,7'2,2ﬂ)
where:
g(r,r,,z) =exp(—z 1 )exp(—zry Yexp(2z 7, 7, cOSwW,, ), (with z=f or 23).
(31)

With the assistance of Egs. (30) and (31), Eq. (28) changes to:
n A
(0,),, =22 (il W[ - 280172, ) + (o 2],
i<j

- 2{2@1@ Ofii), =2 (il6, W g2, Aif), + 2 (6, (D) g (.75, 2ﬂ)lij>a}

(32)
For simplicity, Eq. (32) is set as:

<é” >22 - <é’ >21 B 2022 (r. )+ 022 (2),

(33)
where
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7‘2,2)|ij>a .

0 (r,2)=23 i,

i<j
(34)
Using Eq. (33) into Eq. (26), we find:

pﬁs(r')zNDKér>l —2022(1”,,8)+022(7’,2,3)},

(33)
where o (r) is in requisite of 4 implanted by Eq. (16).
The one-body part <Or >1 , revealed in Eq. (35), is clearly recognized by:
n A
(0, >1 = >(ilo, )]i)
- (36)

=45, QL) 48,0,

where ¢,,(r) and 7,, represent the radial component of single-particle wave function and the

occupation probability of the state nl/, respectively. With algebra of spherical harmonics, the
formulation of O,,(r,z) exhibited in Eq. (34) amends to [28]:

022 (7", Z) =4 Z ﬂnili 77”,/'1/' (2l’ + 1)(2lj * 1)

nil;n;l;
l+l
{AZ;’;’”X% r,z)— Z(z 01,0[k0)” AL (r )} (z=p4,2p)

(37
where

A (r, 2) = = ¢;‘,l, ()@, (r) exp(-zr?)

- (38)

X I¢,jzzz (7 )¢n414 (ry) exp(—zr22 ) i, (2zrr, )rzzdrz >
0

with <liOl jO‘k0> and i, (x) represent the Clebsch Gordan coefficient and the modified

spherical Bessel function, respectively.

In actual fact, Egs. (13) - (38) are recommended to the closed shell (Z = N) nuclei with
n,, = zero or one. For open shell (Z # N) nuclei, a similar formulations can also be employed

but with zero< 7, <one.
The mean square charge radii is demarcated by:

(r >=—Ip (r)rdr, (39)
where

Z= 47r.[ P2 (ryridr, (40)
0

is the normalization constant of p5 (7).

where F,(q) is basically the Fourier transform of pZ (7). i.e.:
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Fu@) =2 [ o5 0)jotaryrdr 41)

Allowing for the corrections of £, (¢) and F(g) in Eq. (41), we get:

cm

Fu@) =2 [ pE 0o (g dr F (@)F,.(0) “2)

3. Results and discussion
The estimations of charge density (pJ (7)), elastic form factors (F, (¢)) and inelastic

form factors (F,,, (¢)) in ®*Ni nucleus have been executed. Two arrangements of estimations

have been made using single-particle harmonic wave functions without (arrangement-1) and
with (arrangement-2) SRCs effects. The estimations of arrangement-1 rely only on the
parameter b whereas those of arrangement-2 rely on b and f. The amounts of b and /£ in

arrangement-1 (arrangement-2), seen in Table 1, have been produced by revising b (b and
) in a stab to suit the estimated rms radius <7, >'* (the estimated <7, >!’ and F,(q))

cal.. cal..

1/2
cal.>

with those of experimental outcomes. Table 1 also includes the values of <7, >

1/2
exp ?

<r; >2  and the participation of SRCs, <7’ >} 2=\/< 2>, —<rs>, for the “Ni
nucleus. As a matter of fact, Table 1 exemplifies that » owns an inequity affiliation:

b( arrangement-1) > b( arrangement-2), where inclusion of SRCs enlarges the relative

distance amid the nucleons and thus causes to expand the size of the nucleus. Accordingly, it
is indispensible to diminish the amount of b that correlates with the nuclear size, which is
experimentally firm.

Table 1: The amounts of 4, # and the participation of the one- and two-body part to the rms

radius <7, >, of ®Ni nucleus. Arrangement-1 stands for the estimations of one-particle

part (without considering the effect of SRCs) while arrangement-2 stands for the estimations
of one- plus two-particle parts (with considering the effect of SRCs).

Estimated rms charge radius [< 7, >/’ ] Experimental
h rms charge
A t b (f f -2 (fm) radius
(fm) | f (fm™) "\yithout SRCs | With SRCs PRI
(one-particle (two-particle Total e = exp.
part) part) (fm)
1 2.06 0 3. 8135 0 3.8135 3.796+ 0.010
2 1.897 2.027 3.5125 1.2584 3.7311 [37]

In Fig. 1, the quantities of F,(q) in ®Ni estimated without SRCs (itemized by the dashed

line) and with SRCs (itemized by the solid line) are publicized and contrasted with the
experimental results (itemized by open circles) [37]. It is manifest that the dashed line
predicts wonderfully the open circles at the section of 0 < g <1 fm™! and under predicts them
at ¢ >1 fm!. Conversely, incorporating of SRC effects (see the solid line) causes to raise the
amount of estimated F,(g) at the second and third loops which consecutively lead to place
the estimated outcomes into the location of agreement with the open circles. It is clear that
the solid line mimics accurately the first and second minima plus the first, second and third

maxima that ascended in the experimental data. Besides, the manner and magnitude of the
form factors represented by the solid line are in superb accordance with open circles.
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Figure 1: Square of elastic F(q) are displayed as a function of ¢ (fm™") for the ®°Ni nucleus.

The dashed and solid lines stand for the estimated results without and with comprising of
SRCs effects, in that order. The open circles stand for the experimental outcomes taken from
[37].

In Fig. 2, the density p% () for the **Ni estimated without and with the implementation of
SRC effects (itemized by the dashed and solid lines, respectively) are displayed and
compared with the data (itemized by open circles) [37]. Moreover, the contribution of SRCs
p,(r)=ps (r)—pf, (r) (itemized by the long dashed line) is also exposed in this figure.

The performance of p,(r) is publicized as fluctuating around the r-axis. This figure
illustrates that the likelihood of existing a proton adjacent to the central piece (0<r <3 fm)
of p%(r) is higher than that of the tail piece (# >3 fm™). Additionally, the placement of

SRCs into p2 (r) results in a significant decrease in the central piece and a little increase in

the tail piece of pf (7). This explicates why the adding of SRCs results in an intensification
of the possibility of transferring the proton from the central portion of the nucleus to the
direction of its surface which in turn causes to amplification of the rms charge radius of the
studied nucleus and makes it less rigid than it would be in the absence of SRCs effects. To
maintain the nuclear size surrounded by the normal experiential value, the magnitude of b
should be lowered when considering for SRCs, see Table 1. Besides, combining the SRCs
into p% (r) results in developing the outcomes and makes them in better accord with those of

observed data.

0.12

I
L. 60Nj |

o) T (fm) :
-0.04 -

Figure 2: The distribution p,, () in ®Ni nucleus is plotted against . The dashed and solid
lines are the estimated outcomes without and with involving the short range effects, in that

3400



Al-Rahmani and Hamoudi Iraqi Journal of Science, 2026, Vol. 67, No. 6, pp: 3392-3409

order. The participating of SRCs effect p,(r) is also displayed in this figure by the long-
dashed curve. The experimental data (open circles) is taken from [37].

The effect of SRCs on inelastic form factors F, ,(¢) of a number of states in ®*Ni nucleus

is discussed. This nucleus, which owns a total isospin of 7= 2, comprises of a *°Ni core and 4
active neutrons distributed in the f5p- space, designated by 2ps, 1fs2, and 2p1,2 orbitals. Due
to the absence of active protons outside of the **Ni-core in the %*Ni, the inelastic form factors

entirely come from p7% (i, f,r). The Tassie model, in conjunction with the computed

p% (r), has been used to determine the cp effects on F;,,(g). In this study, the form factors

for diverse states in the **Ni nucleus have been estimated using a single value for each ofb
and . These magnitudes of b and £ (presented in Table 1) were produced by a fitting to

the observed F, (q).

The comparison among the estimated and measured F, ,(q) for transitions from the
ground (initial) state (J;") to unlike final states (J7) are shown in Figs. 3-9, where the

parities of these transitions in Figs. 3-4, 6-8, and the left panel of Fig. 9 (Fig. 3 and the middle
panel of Fig. 9) are similar {dissimilar} between the initial and final states. It is crucial to
indicate that all pondered transitions are of isovector-type with 7 =2 for the *Ni nucleus.
The open circle symbols are the measured outcomes whereas the dashed and solid lines are
the arrangement-1 and arrangement-2 estimations achieved without and with the supplement
of SRCs, congruently.

107 ‘ ‘ \ ‘ 5
£ C2 2+(1.33 MeV) °
L 60N .
o 107 ¢ E
A §
T : ;
— 10°. -
-8 ‘ ‘ / Y
10 0 1 2 3

q (in fm-1)

Figure 3: Square of C2 form factors in °*Ni nucleus for the 2" (1.33 MeV) state. The dashed
and solid lines embody the estimated results produced without and with the attachment of
SRCs, in that order. The measured results (open circles) are taken from [38].

In Fig. 3, the estimated and measured outcomes of inelastic C2 form factors F, , (q) for
the transition to the state 2 (with measured excitation energy Ex = 1.33 MeV and reduced

transition probability B(C2) = (7.66%£0.77)x10* e.fm* [38]) are displayed. This figure
demonstrates that the C2 outcomes estimated without the SRCs (the dashed line) estimates
the data (open circles) tremendously well over the first loop (g <1.27fm™) but undervalues

considerably the data over the second and third loops (¢ >1.27 fm™'). Embedding the

influence of SRCs leads to enhance the result of C2 form factors (the solid lines) at the region
of high momentum transfer ¢ >1.27 fm’!, where the data along the first, second and third

loops plus along the first and second loops are produced at the correct places by the solid line.
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Also, the solid line accurately reproduces the values and presentation of measured C2 results
through all maxima and minima. The contrast between the dashed and solid lines shows that
the effect of SRCs over the third (second) loop is larger than the second (first) loop.

10™ F \ \ 3

: 2+(2.16 MeV) -

- 60N ]

o~ | |
= 107 E
TR b i
-10-657 /-‘\ =

C ‘ . ‘\ |

0 04 08 1.2 1.6 2

g (in frn D)
Figure 4: Square of C2 form factors in °*Ni nucleus for the 2" (2.16 MeV) state. The dashed
and solid lines embody the estimated results produced without and with the attachment of
SRCs, in that order. The measured results (open circles) are taken from [38].

In Fig. 4, the calculations of C2 form factors are repeated just as in Fig. 3 but this time for
the state 2} (Ex =2.16 MeV and B(C2) = (1.5+0.4)x10' e>.fm* [38]). It is clear that the C2

outcomes attained without SRCs (the dashed line) don’t forecast accurately the data (open
circles) along the considered region of ¢ <1.2 fm™!, where these data are underestimated to

some extent by this line. Taking into consideration the influence of SRCs causes in
improving the C2 outcomes along all considered g. Also, both the performance and values of
form factors demonstrated via the solid line show good agreement with the observed data
along the first diffraction maximum. Again, the comparison between the dashed and solid
lines (which offers the same argument as that found in Fig. 3) demonstrates that the influence
of SRCs through the second loop is bigger than the first loop.
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Figure 5: Square of C3 form factors in ®°°Ni nucleus for 3™ [(a) Ex= 4.04 MeV, (b) Ex= 6.20

MeV) and (c) Ex=7.05 MeV] states. The dashed and solid lines embody the estimated results
produced without and with the attachment of SRCs, in that order. The measured results (open
circles) are taken from [38].
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In Fig. 5, the C3 results for 3, states [(a): (Ex = 4.04 MeV, B(C3) = (1.65£0.25) x 10*
e2.fm®), (b): (Ex = 6.20 MeV, B(C3) = (2.20+0.33)x10* ¢2.fm®), and (c): (Ex = 7.05 MeV,

B(C3) = (2.17+0.33)x10° e?.fm%)] [38] are demonstrated. Figs. 3(a-c) show that the C3

findings of the dashed line calculated without SRCs are insufficient for describing the data of
open circles [38], where these data are evidently under predicted by these findings. Inserting
of the SRCs leads to enhance clearly the C3 findings of the solid line, where generally the
estimated results in Fig. 3(a) (Figs. 3(b) and 3(c)) are now in very well (reasonable) accord
with the data. Also the performance of the data is well recreated by the solid line.

In Fig. 6, the C4 form factors for 4} states [(a): (Ex = 2.50 MeV, B(C2) =
(1.5+0.30)x10° €*.fm®), (b): (Ex = 3.13 MeV, B(C2) = (3.09+0.62) x10* e%.fm®), and (c):

(Ex = 3.67 MeV, B(C2) = (5.67+1.13)x10* &*>.fm®)] [38] are shown and compared with
those of measured data.
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Figure 6: Square of C4 form factors in ®°Ni nucleus for 4" [(a) Ex= 2.50, (b) Ex=3.13 and (c)
Ex=3.67 MeV] states. The dashed and solid lines embody the estimated results produced
without and with the attachment of SRCs, in that order. The measured results (open circles)
are taken from [38].

It is patent that the C4 outcomes without including the influence of SRCs (the dashed
lines) are unsatisfactory for explanation the data of open circles [38], where the data are
evidently under predicted by these outcomes. Introducing of the SRCs leads to augment the
C4 outcomes (the solid lines) through all q values considered in this study, where in general
the computed outcomes are now in good accordance with the data. It is obvious that both the
manner and magnitudes of the data are well reconstructed by solid lines.

In Fig. 7, the form factors are schemed as opposed to g and compared with those of
measured outcomes. Here, the measured form factors of Ex = 4.85 MeV are decomposed to
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C2 and C4 results using Egs. (9) and (11) together with the theoretical charge density pZ (r),

obtained through Eqgs. (13)-(38). The left panel of this figure shows the C2 results for the
state 2° (Ex = 4.85 MeV and B(C2) = (5+1)x10 ¢*.fm* [38]). The dashed and solid lines
signify the C2 form factors calculated without and with supplement of the effect of SRCs
whereas those of open circles signify the measured data [38]. It is perceptible that the SRCs
don’t (do) affect the calculated C2 results over the first (second) loop, where the dashed and
solid lines are in coincidence (divergence) with each other. The data at momentum transfer
region 0.5<¢<0.85 (g>0.85) fm' are in reasonable (poor) agreement with both
calculations of the dashed and solid lines. It is apparent from the left panel that the calculated
C2 results under forecast evidently the data especially at g > 0.85. Thus, the C2 results are
not enough to explain the data at all regions of momentum transfer under consideration. In
the middle panel, the calculations are recurrent just as in the left panel but this time for C4
results of the state 4" (Ex = 4.85 MeV and B(C4) = (4.38+0.88)x10* e*.fm® [38]). Here,

obviously the SRCs affect the calculated C4 form factors (the solid line) over both the first
and second loops, where the attachment of SRCs leads to enhance
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Figure 7: Square of form factors in ®°Ni for states [2" (4.85 MeV) displayed in the left panel,
4" (4.85 MeV) displayed in the middle panel, and the combined 27 (4.85 MeV) and 4" (4.85
MeV) displayed in the right panel]. The dashed and solid lines embody the estimated results
produced without and with the attachment of SRCs, in that order. The measured results (open
circles) are taken from [38].

the outcomes of the solid line and makes them nearer to the data particularly at the section of
g>1 fm!'. The middle panel also reveals that the calculated outcomes of the solid line

undervalue noticeably the data at the region of 0.5<¢ <1 fm™'. Hence, the solid line is not

adequate to elucidate the data at all g-values under study. In the right panel, the measured
data and those of combined C2 and C4 outcomes is displayed. It is clear that the dashed line
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of the combined C2 and C4 outcomes is in tremendous accordance at 0.5< ¢ <1.05 fm! but
beyond this section of ¢ (i.e, at ¢ >1.05 fm™) the accordance is not good, where the data are

clearly underrated by the dashed line. But, the solid line of the combined C2 and C4 results is
in fine consistency with the measured data throughout all regions of momentum transfer
under investigation

In Fig. 8, the computations are repeated as in Fig. 7 but this time for the state Ex = 5.05
MeV. Here, the experimental form factors of Ex = 5.05 MeV are decomposed to C4 and C6
results using the same technique of computations that we have used in Fig. 7. In the left
(middle) panel, the C4 (C6) form factors of the state 4" (6) with B(C4) =

(1.224+0.24)x10°e*>.fm® (B(C6) = (1.54%0.46)x10°e*.fm'?) are presented and compared

with those of experimental data [38]. It is conspicuous that the C4 and C6 results computed
without and with enclosure of SRCs are in disagreement with the data of open circles, where
the data are evidently undervalued by both the dashed and solid lines. However, the
computed C4 results (left panel) are closer to the data than those of C6 (middle panel). Also,
the solid lines in these panels are generally nearer to the data than those of the dashed line,
where allowing for the SRCs into computations leads to boost the C4 and C6 results and
makes them nearer to the data than those of without SRCs (the dashed line). Inspection of the
left (middle) panel provides the indication that the C4 (C6) form factors
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L 60Nj ] A 60Nj ]
LR LR
% +++0 o 0% . % [ +++¢ o o%o .
=10* * ° 4 =10t L ° e o
S £
10° ‘ ‘ ‘ ‘ 1 sl A4 . D
00.4 0.8 1.2 1.6 2 O0.4 0.8 1.2 1.6 2
q (in fm) g (in fm™)
10—
 C4+C6 (5.05 MeV)
r B60Nj 7
10’67 | | | | | | |
0.4 0.8 1.2 1.6 2
q (in fm)

Figure 8: Square of form factors in ®*Ni for states [4™ (5.05 MeV) displayed in the left panel,
6" (5.05 MeV) displayed in the middle panel, and the combined 4* (5.05 MeV) and 6* (5.05
MeV) displayed in the right panel]. The dashed and solid lines embody the estimated results
produced without and with the attachment of SRCs, in that order. The measured results (open
circles) are taken from [38].

alone are insufficient to explicate the data over all g-values under study. The judgment
between the data (open circles) and those of combined C4 and C6 form factors is exhibited in
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the right panel. Here, the dashed and solid lines are the combined C4 and C6 results
computed without and with the effect of SRCs, in that order. Actually, combining together
the computed C4 and C6 results (right panel) leads to a sturdy adjustment to the form factors
of the state Ex = 5.05 MeV. Although, the strong modification occurred in the computations
of the dashed and solid lines due to the combination of C4 and C6 results, the dashed line still
did not accord with the data throughout all g-values considered in this investigation, where
these data are underestimated by this line. However, the computed results of the solid line
presented in the right panel demonstrate a well accord with the data over all g- values
pondered in this study.

In Fig. 9, the calculations are done exactly as in Fig. 7 but now for the state Ex = 6.85
MeV. Here, the observed form factors of the state Ex = 6.85 MeV are decomposed to C2 and
C5 results employing the similar procedure of calculations as that we have employed in Fig.
7. The left (middle) panel of this figure shows the C2 (C5) findings for the state 2* (57) of Ex
= 6.85 MeV and B(C2) = (3.88+0.58)x10 e*.fm* (B(C5) = (3.53+£0.88)x10° &.fm!?) [38].
The dashed and solid lines represent the C2 (C5) findings estimated without and with the
enhancement of the influence of SRCs whereas those of open circles represent the observed
data [38]. The left panel reveals that the SRCs affect slightly (considerably) the C2 findings
across the first (second) loop, where a small (substantial) deviation is seen between the
dashed and solid lines. Moreover, the data at 0.4<¢<0.9 (¢>0.9) fm™" are in fair (poor)

agreement with C2 findings of both the dashed and solid lines, where these findings
underestimate manifestly the data, particularly at ¢ > 0.9 fm™. Thus, the C2 findings alone

are inadequate for describing the observed data at all areas of considered ¢g. The middle panel
shows that the C5 findings of the dashed line are unable
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Figure 9: Square of form factors in ®*Ni for states [2* (6.85 MeV) displayed in the left panel,
57 (6.85 MeV) displayed in the middle panel, and the combined 2" (6.85 MeV) and 5 (6.85
MeV) displayed in the right panel]. The dashed and solid lines embody the estimated results

3406



Al-Rahmani and Hamoudi Iraqi Journal of Science, 2026, Vol. 67, No. 6, pp: 3392-3409

produced without and with the attachment of SRCs, in that order. The measured results (open
circles) are taken from [38].

in clarifying the observed data at all g-values considered in this study, where these data
are underrated by this line. Furthermore, the C5 findings of the solid line are unsuccessful
(successful) in explaining the data at 0.45<¢<1.1 (g>1.1) fm'. As a result, the C5

findings alone (the solid line) are insufficient for interpreting the data at all ranges of g-values
under investigation. The right panel demonstrates the judgment amidst the combined C4 and
CS5 findings and those of the observed data. It is apparent from the right panel that the dashed
line agrees well (deviates clearly) the data at the region 0.5<¢<1.1 (g>1.1) fm™

However, the solid line of the combined C2 and C5 findings displayed in the right panel
shows a well consistency with the observed data through all regions of g-values under
examination. Inspection of Fig. 9 provides the conclusion that the anticipated form factors at
momentum transfer region ¢ <1.1 (¢ >1.1) fm™! are entirely from the C2 (C5) contribution.

4. Conclusions

The effect of short-range correlations on density, elastic and inelastic Coulomb form
factors of the ®°Ni atomic nucleus has been scrutinized. The present computations are subject
to the parameters b and B. These parameters are autonomously produced for each distinct
nucleus by matching between the predicted and experimental elastic form factors, since a
single value for each of b and B has been used in the present computations, where the present
computations have been evidently controlled by the effect of short-range correlations. This
effect is found to be indispensable for attainment a notable revision to the predicted findings
which eventually lead to explicate the data surprisingly throughout the studied region of g.
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