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Abstract
The effect of short range correlations on the inelastic Coulomb
form factors for excited 2 + states (1.982, 3.919, 5.250 and
8.210MeV) and 4 + states (3.553, 7.114, 8.960 and 10.310 MeV) in
18
O is analyzed. This effect (which depends on the correlation
parameter β ) is inserted into the ground state charge density
distribution through the Jastrow type correlation function. The single
particle harmonic oscillator wave function is used with an oscillator
size parameter b. The parameters β and b are adjusted for each
excited state separately so as to reproduce the experimental root
mean square charge radius of 18 O. The nucleus 18 O is considered as
an inert core of 12 C with two protons and four neutrons distributed
over 1 p1 2 − 1d 5 2 − 2 s1 2 active orbits. The total transition charge
density comes from both the model space and core polarization
transition charge densities. The realistic effective interaction of
Reehal–Wildenthal (REWIL) is used for this model space. It is found
that the introduction of the effect of short range correlations is
necessary for obtaining a remarkable improvement for the calculated
inelastic Coulomb form factors and considered as an essential for
explanation the data amazingly throughout the whole range of
considered momentum transfer.
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 ﻟﻼﺳﺘﻄﺎﺭﺓC4  ﻭC2 ﺗﺎﺛﻴﺮ ﺩﺍﻟﺔ ﺍﺭﺗﺒﺎﻁ ﺍﻟﻤﺪﻯ ﺍﻟﻘﺼﻴﺮﻋﻠﻰ ﻋﻮﺍﻣﻞ ﺍﻟﺘﺸﻜﻞ ﺍﻟﻜﻮﻟﻮﻣﻴﺔ
18- ﺍﻟﻐﻴﺮ ﻣﺮﻧﺔ ﻟﻨﻮﺍﺓ ﺍﻻﻭﻛﺴﺠﻴﻦ
 ﻋﺒﺪﷲ ﺳﻮﺍﺩﻱ ﻣﺪﻳﺨﻞ،ﻋﺎﺩﻝ ﺧﻠﻒ ﺣﻤﻮﺩﻱ
 ﺍﻟﻌﺮﺍﻕ، ﺑﻐﺪﺍﺩ، ﺟﺎﻣﻌﺔ ﺑﻐﺪﺍﺩ، ﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡ،ﻗﺴﻢ ﺍﻟﻔﻴﺰﻳﺎء
اﻟﺨﻼﺼﺔ
2 ﺗﻤﺖ ﺩﺭﺍﺳﺔ ﺗﺎﺛﻴﺮﺩﺍﻟﺔ ﺍﺭﺗﺒﺎﻁ ﺍﻟﻤﺪﻯ ﺍﻟﻘﺼﻴﺮ ﻋﻠﻰ ﻋﻮﺍﻣﻞ ﺍﻟﺘﺸﻜﻞ ﺍﻟﻜﻮﻟﻮﻣﻲ ﻏﻴﺮ ﺍﻟﻤﺮﻥ ﻟﻠﺤﺎﻻﺕ ﺍﻟﻤﺘﻬﻴﺠﺔ
8.960  ﺫﻭﺍﺕ ﺍﻟﻄﺎﻗﺎﺕ4+  ﻭ ﻟﻠﺤﺎﻻﺕ ﺍﻟﻤﺘﻬﻴﺠﺔMeV 8.210, 5.250, 3.919, 1.982 ﺫﻭﺍﺕ ﺍﻟﻄﺎﻗﺎﺕ
 ( ﻋﻠﻰ ﺗﻮﺯﻳﻊ ﻛﺜﺎﻓﺔβ  ﺗﻢ ﺍﺩﺧﺎﻝ ﻫﺬﺍ ﺍﻟﺘﺄﺛﻴﺮ )ﺍﻟﺬﻱ ﻳﻌﺘﻤﺪ ﻋﻠﻰ َﻣ ْﻌﻠَ ْﻢ ﺍﻻﺭﺗﺒﺎﻁ.MeV 10.310, 7.114, 3.553,
 ﺗﻢ ﺍﺳﺘﺨﺪﺍﻡ ﺍﻟﺪﺍﻟﺔ ﺍﻟﻤﻮﺟﻴﺔ ﻟﻠﻤﺘﺬﺑﺬﺏ ﺍﻟﺘﻮﺍﻓﻘﻲ.Jastrow ﺍﻟﺸﺤﻨﺔ ﻟﻠﺤﺎﻟﺔ ﺍﻷﺭﺿﻴﺔ ﻣﻦ ﺧﻼﻝ ﺩﺍﻟﺔ ﺍﻻﺭﺗﺒﺎﻁ ﻧﻮﻉ
 ﻛﻤﻌﻠﻤﺎﺕ ﺣﺮﺓ ﺗُ َﻌﻴﺮ )ﻟﻜﻞ ﺣﺎﻟﺔ ﻣﺘﻬﻴﺠﺔ ﺑﺼﻮﺭﺓb ﻭβ  ﺗﻢ ﺍﻋﺘﺒﺎﺭ.b ﻟﻠﺠﺴﻴﻢ ﺍﻟﻤﻨﻔﺮﺩ ﻣﻊ َﻣ ْﻌﻠَ ْﻢ ﺣﺠﻢ ﺍﻟﺘﺬﺑﺬﺏ
18
O ﺿﺖ ﺍﻟﻨﻮﺍﺓ
َ ﻓﺘﺮ
ِ ُ ﺍ.ﻣﻨﻔﺼﻠﺔ( ﻟﻠﺤﺼﻮﻝ ﻋﻠﻰ ﺍﻟﻨﺘﺎﺋﺞ ﺍﻟﻌﻤﻠﻴﺔ ﻟﻠﺠﺬﺭ ﺃﻟﺘﺮﺑﻴﻌﻲ ﻟﻤﻌﺪﻝ ﻣﺮﺑﻊ ﻧﺼﻒ ﻗﻄﺮ ﺍﻟﺸﺤﻨﺔ
. 1 p1 / 2 1d 5 / 2 2 s1 / 2  ﻣﻊ ﺑﺮﻭﺗﻮﻧﻴﻦ ﻭﺍﺭﺑﻊ ﺑﺮﻭﺗﻮﻧﺎﺕ ﺗﺘﺤﺮﻙ ﻓﻲ ﺍﻧﻤﻮﺫﺝ ﺍﻟﻔﻀﺎء12 C ﻣﺘﻜﻮﻧﺔ ﻣﻦ ﻗﻠﺐ ﺧﺎﻣﻞ
 ﺍﻟﺘﻔﺎﻋﻞ ﺍﻟﻤﺆﺛﺮ.ﻛﺜﺎﻓﺔ ﺍﻟﺸﺤﻨﺔ ﺍﻻﻧﺘﻘﺎﻟﻴﺔ ﺍﻟﻜﻠﻴﺔ ﺗﺎﺗﻲ ﻣﻦ ﺍﻧﻤﻮﺫﺝ ﺍﻟﻔﻀﺎء ﻭﻛﺜﺎﻓﺔ ﺍﻟﺸﺤﻨﺔ ﺍﻻﻧﺘﻘﺎﻟﻴﺔ ﻻﺳﺘﻘﻄﺎﺏ ﺍﻟﻘﻠﺐ
 ﻟﻘﺪ ُﻭ ِﺟ َﺪ ﺍﻥ ﺇﺩﺧﺎﻝ ﺗﺄﺛﻴﺮ ﺩﺍﻟﺔ ﺍﺭﺗﺒﺎﻁ ﺍﻟﻤﺪﻯ ﺍﻟﻘﺼﻴﺮ ﻳﻜﻮﻥ.( ﺃُﺳﺘﻌﻤﻞ ﻓﻲ ﺍﻧﻤﻮﺫﺝ ﺍﻟﻔﻀﺎءRiwel) ﺍﻟﻮﺍﻗﻌﻲ ﻠ
ﺿﺮﻭﺭﻱ ﻟﻠﺤﺼﻮﻝ ﻋﻠﻰ ﺗﻌﺪﻳﻞ ﻣﻠﺤﻮﻅ ﻭﺗﺤﺴﻴﻦ ﺍﻟﻨﺘﺎﺋﺞ ﺍﻟﻨﻈﺮﻳﺔ ﻟﻌﻮﺍﻣﻞ ﺍﻟﺘﺸﻜﻞ ﺍﻟﻜﻮﻟﻮﻣﻴﺔ ﺍﻟﻐﻴﺮ ﺍﻟﻤﺮﻧﺔ ﻛﻤﺎ ﻭ ُﻭﺟﺪ
.ﺍﻳﻀﺎ ﺑﺎﻧﻬﺎ ﺃﺳﺎﺳﻴﺔ ﻟﺘﻔﺴﻴﺮ ﺍﻟﺒﻴﺎﻧﺎﺕ ﺑﺸﻜﻞ ﻣﻤﺘﺎﺯ ﺧﻼﻝ ﻛﺎﻣﻞ ﻣﺪﻯ ﻟﻠﺰﺧﻢ ﺍﻟﻤﻨﺘﻘﻞ ﺍﻟﻤﻌﺘﻤﺪ ﻓﻲ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ
+
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uncorrelated
determinant
wave
function. This method was proposed
by Jastrow (1955) and was widely used
with different modifications in many
fields of physics concerned with Fermi
systems [2].
In the studies of Massen et al. [810] an expression of the elastic charge
form factor truncated at the two-body
term, was derived using the factor
cluster expansion of Clark and coworkers [11-13]. This expression,
which is a sum of one- and two-body
terms, depends on the harmonic
oscillator parameter and the correlation
parameter through a Jastrow-type
correlation function [5]. This form is
employed for the evaluation of the
elastic charge form factors of closed
shell nuclei 4 He, 16O and 40 Ca .
Subsequently,
Massen
and
Moustakidis
[14]
performed
a
systematic study of the effect of the
SRC on s − p and s − d shell nuclei.
Explicit forms of elastic charge form
factors and densities were found
utilizing the factor cluster expansion of
Clark and co-workers and Jastrow
correlation functions which introduce
the SRC. These forms depends on the
single particle wave functions and not
on the wave functions of the relative
motion of two nucleons as was the case
of our previous works [15-21] and
other works [8,22,23].
It is important to point out that most
of the previous studies were concerned
with the analysis of the effect of the
Short Range Correlations (SRC) on the
elastic electron scattering charge form
factors. In this work, the effect of SRC
on the inelastic Coulomb form factors
for excited 2 + (1.982, 3.919, 5.250
and 8.210 MeV) and 4 + states (3.553,
7.114, 8.960 and 10.310 MeV) in 18 O
nucleus is studied. This effect is
introduced in the ground state charge
density distribution through the
Jastrow type correlation function [5].

Introduction
Electron scattering process can be
explained according to the first Born
approximation as an exchange of
virtual photon, carrying a momentum,
between the electron and the nucleus.
The first Born approximation is being
valid only if Z α <<1, where Z is the
atomic number and α is a fine
structure constant. According to this
approximation two types of electron
scattering from the nucleus are
recognized [1]. The first is the
longitudinal or Coulomb scattering in
which the electron interacts with the
charge distribution of the nucleus
where the interaction is considered as
an exchange of a virtual photon carries
a zero angular momentum along the
direction of the momentum transfer(q).
This process gives all information
about the nuclear charge distribution.
In the second type, the electron
interacts with the magnetization and
current distributions and the process is
considered as an exchange of a virtual
photon with angular momentum +1
along q direction. This type of
scattering
is
called
transverse
scattering and it provides the
information about the nuclear current
and magnetization distributions [2].
A simple phenomenological method
for introducing dynamical short range
and tensor correlations has been
introduced by Dellagiacoma et al. [3].
The correlations are taken into account
at small distances due to the hard- core
nucleon- nucleon potential, which are
not taken into account in the
determinant form of the wave function
of the system [2]. In that method
a two–body correlation operator is
introduced to act on the wave function
of a pair of particles. It resembles the
earlier approaches of constructing the
exact wave function by means of an
correlation operator [4] or by a
correlation Jastrow [5] and Jastrow
type [6, 7] factor which act on the
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Theory
Inelastic
electron
scattering
Coulomb form factor involves angular
momentum J and momentum transfer
q, and is given by [25]

The nucleus 18 O is considered as an
inert core of 12 C with two protons and
four
neutrons
distributed
over
1 p1 2 − 1d 5 2 − 2 s1 2 active orbits. The
interaction of REWIL [24] is used for
this model space.

FJL (q )
where

2

=

4π
2
Z (2 J i + 1)

i = J i Ti

and

f TˆJL (q) i

2

Fcm (q )

f = J f Tf

FJL (q )

4π
= 2
Z (2 J i + 1)
× Fcm (q )

2

∑ (−1)

T =0,1

T f −TZ f

T Ti 
 J f T f TˆJTL (q ) J i Ti
0 Tzi 

 Tf

 − Tz
f


2

(2)

2

F fs (q ) ,

T f − Ti ≤ T ≤ T f + Ti ,

and Tz is given by Tz =

TˆJLT

(1)

2

where in Eq. (2), the bracket ( ) is the
three- J symbol, J and T are
restricted by the following selection
rules:
J f − Ji ≤ T ≤ J f + Ji

f

2

F fs (q ) ,

F fs (q ) = e −0.43 q 4 is the nucleon finite
size correction and assumed to be the
same for protons and neutrons, A is
the nuclear mass number, Z is the
atomic number and b is the harmonic
oscillator size parameter.
The form factor of Eq.(1) is
expressed via the matrix elements
reduced in both angular momentum
and isospin [26]

are the initial and final nuclear states
(described by the shell model states of
spin J i / f and isospin Ti / f ), TˆJL (q ) is
the longitudinal electron scattering
2 2
operator, Fcm (q ) = e q b 4 A is the center
of mass correction (which removes the
spurious states arising from the motion
of the center of mass when shell model
wave
function
is
used),

2

2

The reduced matrix elements in
spin and isospin space of the
longitudinal operator between the final
and initial many particles states of the
system including configuration mixing
are given in terms of the one-body
density matrix (OBDM) elements
times the single particle matrix
elements
of
the
longitudinal
operator [27]

(3)
Z−N
2

i = ∑ OBDM J T (i, f , J , a, b) b TˆJLT

a ,

(4)

a ,b

calculated in terms of the isospinreduced matrix elements as [28]

where a and b label single particle
states (isospin included) for the shell
model space. The OBDM in Eq. (4) is

39

Iraqi Journal of Physics, 2016

Adel K. Hamoudi and Abdullah S. Mdekil

0 Ti 
 Tf
OBDM (∆T = 0)
 2

2
 − Tz 0 Tz 
1 Ti 
OBDM (∆T = 1)
T −T  T
 6
,
+ τ z (−1) f Z  f
T
T
0
−
2
z
z



OBDM (τ z ) = (−1)

T f −TZ

where τ z is the isospin operator of the
single particle.
The model space matrix elements
are not adequat to describe the absolute
strength of the observed gamma-ray
transition probabilities, because of the
polarization in nature of the core
protons by the model space protons
and neutrons. Therfore the many
particle reduced matrix elements of the
longitudinal
electron
scattering
L
ˆ
operator TJ (q ) is expressed as the
sum of the model space (ms)
contribution and the core polarization
(cp) contribution [28], i.e.
ms

(5)

The model space matrix element,
in Eq. (6), is given by
ms
L
J

∞

f Tˆ (τ Z , q) i = ∫ dr r 2 j J (qr ) ρ Jms,τ Z (i, f , r ),
0

(7)
where j J (qr ) is the spherical Bessel
function and ρ Jms,τ Z (i, f , r ) is the model
space transition charge density,
expressed as the sum of the product of
the OBDM times the single particle
matrix elements, given by [28].

cp

f TˆJL (τ Z , q) i = f TˆJL (τ Z , q) i + f TˆJL (τ Z , q) i .

(6)

ρ Jms,τ (i, f , r ) =
Z

ms

∑ OBDM (i, f , J , j, j ′,τ

jj ′ ( ms )

z

) j YJ j ′ Rnl (r ) Rn′l ′ (r ) .

nuclei. The total transition charge
density becomes
ρ Jτ Z (i, f , r ) = ρ Jmsτ Z (i, f , r ) + ρ Jcpτ Z (i, f , r )
(10)

Here, Rnl (r ) is the radial part of the
harmonic oscillator wave function and
Υ J is the spherical harmonic wave
function.
The
core-polarization
matrix
element, in Eq. (6), is given by

According to the collective modes
of nuclei, the core polarization
transition charge density is assumed to
have the form of Tassie shape [29]
gs
1
cp
J −1 dρ ch (i, f , r )
ρ J tZ (i, f , r ) = N T (1 + τ z ) r
,
2
dr
(11)
where N T is the proportionality
constant given by [15]

∞

cp

(8)

f TˆJL (τ Z , q) i = ∫ dr r 2 j J (qr ) ρ Jcp,τ Z (i, f , r ),
0

(9)
where ρ (i, f , r ) is the corepolarization transition charge density
which depends on the model used for
core polarization. To take the corepolarization effects into consideration,
the model space transition charge
density is added to the corepolarization transition charge density
that describes the collective modes of
cp
JτZ
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∞

NT =

body term and originated by the factor
cluster expansion of Clark and coworkers [11-13], depends on the
correlation parameter β through the
Jastrow-type correlation
 
f (rij ) = 1 − exp[− β (ri − r j ) 2 ],
(16)

J + 2 ms
∫ dr r ρ tZ (i, f , r ) − (2 J i + 1) B(CJ )
0

,

∞

(2 J + 1) ∫ dr r ρ (i, f , r )
2J

gs
ch

0

(12)
which can be determined by adjusting
the reduced transition probability
B (CJ ) to the experimental value, and
ρ chgs (i, f , r ) is the ground state charge
density distribution of considered
nuclei.
For N = Z , the ground state charge
densities ρ chgs (r ) of closed shell nuclei
may be related to the ground state
point nucleon densities ρ pgs (r ) by [30,
31]
1
(13)
ρ chgs (r ) = ρ pgs (r ),
2

where f (rij ) is a state-independent
correlation function, which has the
following properties: f (rij ) → 1 for



in unit of electronic charge per unit
volume (e.fm-3).
An expression of the correlated
density ρ pgs (r ) (where the effect of the
SRC’s is included), consists of oneand two-body terms, is given by [14]

[
≈ N [ Oˆ

ρ pgs (r ) ≈ N D Oˆ r + Oˆ r
D

1

r

1

2

]

Oˆ r

A

1

= ∑ i oˆ r (1) i
i =1

= 4∑η nl (2l + 1)
nl

1 *
φ nl (r ) φ nl (r ),
4π
(17)

where η nl is the occupation probability
of the state nl and φnl (r ) is the radial
part of the single particle harmonic
oscillator wave function.
The two-body term, in Eq. (14), is
given by [14]

]

− 2O22 (r , β ) + O22 (r ,2β ) ,

(14)
where N D is the normalization factor

A

O22 (r , z ) = 2∑ ij oˆ r (1) g (r1 , r2 , z ) ij a ,

and Ôr is the one body density
operator given by

i< j

( z = β , 2β )

A
A
 
ˆ
Or = ∑ oˆ r (i ) =∑ δ (r − ri ). (15)
i =1



large values of rij = ri − rj and

f (rij ) → 0 for rij → 0. It is so clear
that the effect of SRC’s, inserted by
the function f (rij ), becomes large for
small values of SRC parameter β and
vice versa.
The one-body term, in Eq. (14), is
well known and given by

(18)

where

i =1

The correlated density ρ pgs (r ) of
Eq.(14), which is truncated at the twog (r1 , r2 , z ) = exp(− zr12 ) exp(− zr22 ) exp(2 zr1 r2 cos w12 ),
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The form of the two-body term
O22 (r , z ) is then originated by
expanding
the
factor

O22 (r , z ) = 4

∑η

ni li

exp(2 zr1 r2 cos w12 ) in the spherical
harmonics and expressed as [14]

η n l (2li + 1)(2l j + 1)
j j

ni li , n j l j

li + l j
 n j l j ni li 0

2
n l nlk
× 4 Ani li n j l j (r , z ) − ∑ li 0l j 0 k 0 Anilji nj j li ji (r , z ),
k =0



(20)
( z = β , 2β )

where
Ann13l1l3nn24l2l4 k (r , z ) =

1 *
φ n l (r )φ n3l3 (r ) exp(− zr 2 )
4π 1 1
∞

× ∫φ

*
n2 l 2

(21)

(r2 )φ n4l4 (r2 ) exp(− zr ) ik (2 zrr2 )r dr2
2
2

2
2

0

studied for excited 2 + states (1.982,
3.919, 5.250 and 8.210 MeV) and 4 +
states (3.553, 7.114, 8.960 and 10.310
MeV) in 18 O. Core polarization effects
are taken into consideration by means
of the Tassie model [Eq. (11)], where
this model depends on the ground state
charge density distribution. The
proportionality constant N T [Eq. (12)]
is estimated by adjusting the reduced
transition probability B (CJ ) to the
experimental value. The effect of the
SRC is incorporated into the ground
state charge density distribution
through the Jastrow type correlation
function [5]. The single particle
harmonic oscillator wave function is
employed with an oscillator size
parameter b.
The charge density distribution
calculated without the effect of the
SRC depends only on one free
parameter (namely the parameter b ),
where b is chosen in such away so as
to reproduce the experimental rms
charge radius of 18 O. The charge
density distribution calculated with the
effect of the SRC depends on two free

and li 0l j 0 k 0 is the Clebsch-Gordan
coefficients.
It is important to point out that the
expressions of Eqs. (17) and (20) are
originated for closed shell nuclei with
where
the
occupation
N = Z,
probability η nl is 0 or 1. To extend the
calculations for isotopes of closed shell
nuclei, the correlated charge densities
of these isotopes are characterized by
the same expressions of Eqs. (17) and
(20) (this is because all isotopic chain
nuclei have the same atomic number
Z ) but this time different values for
the parameters b and β are utilized.
The mean square charge radii of
nuclei are defined by
∞
4π
r2 =
ρ chgs (r ) r 4 dr ,
(22)
Z ∫0
where the normalzation of the charge
density distribution ρ chgs (r ) is given by
∞

Z = 4π ∫ ρ chgs (r ) r 2 dr

(23)

0

Results and discussion
The effect of the SRC on the
inelastic Coulomb form factors is
42
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parameters (namely the harmonic
oscillator size parameter b and the
correlation parameter β ), where these
parameters are adjusted for each
excited state separately so as to
reproduce the experimental
rms
18
charge radius of O.
The nucleus of 18 O is assumed as a
core of 12 C with 2 protons and 4
neutrons move in 1 p1 / 2 , 1d 5 / 2 and
2s1 / 2 model space. In this model, the

In Table 1, the experimental
excitation energies
(MeV),
Ex
experimental
reduced
transition
+
+
probabilities B(CL; 01 → L ) ( e 2 fm 2 L )
and the chosen values for the
parameters b and β for each excited
state in 18 O are displayed. The root
mean square (rms) charge radius with
the effect of SRC is also displayed in
this table and compared with that of
experimental result. It is evident from
this table that the values of the
parameter b employed for calculations
with the effect of SRC are smaller than
that of without SRC ( b = 1.8 fm for
18
O ). This is attributed to the fact that
the introduction of SRC leads to
enlarge the relative distance of the
nucleons (i.e., the size of the nucleus)
whereas the parameter b (which is
proportional to the radius of the
nucleus) should become smaller so as
to reproduce the experimental rms
charge radius of the 18 O .

proton occupation probabilities in 18 O
are
assumed
to
be
and
η1s = 1, η1 p = 0.95, η1d = 0.01

η 2 s = 0.1. Here, the total transition
charge density [Eq. (10)] comes from
both the model space and core
polarization transition charge densities.
The OBDM elements of 18 O are
generated, via the shell model code
OXBASH [32], using the REWIL [24]
as a realistic effective interaction in the
isospin formalism for 6 particles move
in the 1 p1 / 2 , 1d 5 / 2 and 2s1 / 2 model
space with a 12 C core.

Table 1: The experimental excitation energies and reduced transition probabilities, the
chosen values for b and β as well as the rms charge radius calculated with the effect of
the SRC of 18O.
/2
State
B (CL)
β
b
Ex
< r 2 >1cal/ 2.
< r 2 >1exp
.
(MeV)
(fm)
(fm-2)
(fm)
(e 2 fm2L)
(fm)

2+

1.982 [33]

44.8 ± 1.3 [33]

1.68

2.0

2.683

2+

3.919 [33]

22.2 ± 1.0 [33]

1.72

1.5

2.832

2+

5.250 [33]

28.3 ± 1.5 [33]

1.76

3.1

2.722

2+

8.210 [34]

7.3 ± 4.2 [34]

1.68

1.72

2.729

4+

3.553 [33]

(9.04 ± 0.90) × 10 2 [33]

1.54

1.49

2.672

4+

7.114 [33]

(1.31 ± 0.06) × 10 4 [33]

1.74

2.4

2.726

4+

8.96 [35]

9.3(41) × 10 2 [35]

1.51

1.55

2.620

4+

10.31 [35]

< 4 × 10 2 [35]

1.45

1.68

2.516

The inelastic Coulomb form factors for
different transitions ( J gsπ Tgs → J πf T f )

2.727 (20) [36]

obvious that all transitions considered
in these figures are of an isovector
character. Besides, the parity of them

in 18 O are displayed in Figs. 1-8. It is
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does not change. Here, the calculated
inelastic form factors are plotted versus
the momentum transfer q and
compared with those of experimental
data. The dashed and solid curves are
the calculated inelastic Coloumb form
factors without and with the inclusion
of the effect of SRC, respectively. The
open circles, open squares, closed
circles and rhombic are those of
experimental data taken from [33],
[34] and [35].
In Fig. 1, the inelastic C 2 form factors
for
the
transition
01+1 → 21+1
( E x = 1.982
MeV
and

factors with the effect of the SRC are
obtained using the values of
b = 1.68 fm and β = 2.0 fm-2. This
figure illustrates that the calculated
result displayed by the dashed curve
(without the effect of the SRC) does
not predict correctly the experimental
data, where the diffraction minimum of
this curve is not reproduced in the
correct place of momentum transfer.
Introducing the effect of the SRC leads
to provide a notable modification in
the calculated C 2 form factors
(displayed by the solid curve) and
subsequently
predicts
the
data
amazingly throughout the whole range
of considered momentum transfer.

B (C 2) = 44.8 ± 1.3 e 2 . fm4 [34]) are
displayed. The calculated C 2 form

Fig. 1: Inelastic Coulomb C 2 form factors for the transition to the 2 +1 (1.982 MeV) state.
The dashed and solid curves are the calculated C 2 form factors without and with the
inclusion of the effect of the SRC, respectively. The open circle symbols are those of the
experimental data taken from [33].

In Fig. 2 the inelastic Coulomb C 2
form factors for the transition
0 +1 → 2 +1 ( E x = 3.919 MeV and

demonstrated. The calculated C 2 form
factors with the effect of the SRC are
obtained using the values of b = 1.72
fm and β = 1.5 fm-2. It is obvious from
this figure that the calculated form

B (C 2) = 22.2 ± 1.0 e 2 . fm4 [33]) are
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factors without the effect of the SRC
(the dashed curve) disagrees clearly the
data throught all range of considered q.
Introduction the effect of the SRC
leads
to
give
a
remarkable
improvement in the calculated form
factors (the solid curve) and then leads
to describe the data amazingly for all

range of momentum transfer. The rms
charge radius evaluated by utilizing the
above values of b and β is 2.832 fm,
which is larger than the experimental
value by 0.105 fm, which corresponds
to an increase of approximately 3.85 %
of the experimental value.

Fig. 2: Inelastic Coulomb C 2 form factors for the transition to the 2 +1 (3.919 MeV) state.
The dashed and solid curves are the calculated C 2 form factors without and with the
inclusion of the effect of the SRC, respectively. The open circle symbols are those of the
experimental data taken from [33].

inclusion of the effect of SRC leads to
enhance slightly the calculated C 2
form factors (the solid curve) in the
first maximum but overestimates these
data in the region of q >1.8 fm-1. The
rms charge radius calculated with the
above values of b and β is 2.722 fm
as shown in Table 1, which is in good
agreement with the experimental value.

In Fig. 3, the inelastic Coulomb C 2
form factors for the transition
0 +1 → 2 +1 ( E x = 5.250 MeV and
B (C 2) = 28.3 ± 1.5 e 2 . fm4 [33]) are
presented. The calculated C 2 form
factors with the effect of the SRC are
obtained using the values of
b = 1.76 fm and β = 3.1 fm-2. It is
clear that the dashed curve does not
describe the data at q >1.8 fm-1. The
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Fig. 3: Inelastic longitudinal C 2 form factors for the transition to the 2 +1 (5.250 MeV)
state. The dashed and solid curves are the calculated C 2 form factors without and with the
inclusion of the effect of the SRC, respectively. The open circle symbols are the
experimental data taken from [33].

describes the data at q ≥ 1.8 . Inclusion
the effect of SRC (solid curve) tend to
enhance the calculated C2 form factors
especially at the region of q ≥ 1.8 fm-1
and consequently makes the results to
be more closer to the data. Here the
solid curve describes the experimental
data extremely well for all momentum
transfer considered.

In Fig. 4, the inelastic Coulomb C 2
form factors for the transition
0 +1 → 2 +1 ( E x = 8.210 MeV and
B (C 2) = 7.3 ± 4.2 e 2 . fm4 [34]) are
exhibited. The calculated C 2 form
factors with the effect of the SRC are
obtained using the values of b = 1.68
fm and β = 1.72 fm-2. It is obvious
that the dashed curve does not

Fig. 4: The inelastic longitudinal C 2 form factors for transition to the 2 +1 (8.210 MeV)
state. The dashed and solid curves are the calculated C 2 form factors without and with the
inclusion of the effect of the SRC, respectively. The open square and open circle symbols
are the experimental data taken from [34].
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SRC (the dashed curve) under predicts
the experimental data throught all
range of considered momentum
transfer. Introduction the effect of the
SRC improves the calculated C4 form
factors appreciably and tends to
describe the experimental data
reasonably
for
all
considered
momentum transfer.

In Fig. 5, the inelastic Coulomb C 4
form factors for the transition
0 +1 → 4 +1 ( E x = 3.553 MeV and
e 2 . fm8
B (C 4) = (9.04 ± 0.90) ×10 2
[33]) are displayed. The calculated C 4
form factors (displayed by the solid
curve) are obtained by adopting the
values of b = 1.54 fm and β = 1.49 fm2
. It is shown that the calculated C4
form factors without the effect of the

+
Fig. 5: Inelastic Coulomb C 4 form factors for the transition to the 4 1 (3.553 MeV) state.

The dashed and solid curves are the calculated C 4 form factors without and with the
inclusion of the effect of the SRC, respectively. The open circle symbols are those of the
experimental data taken from [33].

represented by the dashed and solid
curves are in agreement with the
experimental data. Inclusion the effect
of SRC tends to improve slightly the
calculated form factors as seen by the
solid curve. In addition, the calculated
rms charge radius is perfectly in
agreement with the experimental value.

In Fig. 6, the inelastic Coulomb C 4
form factors for the transition
0 +1 → 4 +1 ( E x = 7.114 MeV and
e 2 . fm8
B (C 4) = (1.31 ± 0.06) × 10 4
[33]) are exhibited. The calculated C 4
form factors (displayed by the solid
curve) are obtained by adopting the
values of b = 1.74 fm and β = 2.4 fm-2.
The calculated C4 form factors
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Fig. 6: Inelastic Coulomb C 4 form factors for the transition to the 4 +1 (7.114 MeV) state.
The dashed and solid curves are the calculated C 4 form factors without and with the
inclusion of the effect of the SRC, respectively. The open circle symbols are those of the
experimental data taken from [33].

clear from this figure that the
calculated form factors without the
effect of the SRC (the dashed curve)
do not describe the experimental data
very well. Inclusion the effect of the
SRC leads to give a notable
improvement in the calculated form
factors (the solid curve) and then leads
to describe the data amazingly.

In Fig. 7 the inelastic Coulomb C 4
form factors for the transition
0 +1 → 4 +1
( E x = 8.96 MeV
and

B(C 4) = 9.3(41) × 10 2 e 2 . fm8[35]) are
demonstrated. The calculated inelastic
C 4 form factors revealed by the solid
curve (with the effect of the SRC) are
obtained with applying the values of
b = 1.51 fm and β = 1.55 fm-2. It is

Fig. 7: Inelastic Coulomb C 4 form factors for the transition to the 4 +1 (8.96 MeV) state.
The dashed and solid curves are the calculated C 4 form factors without and with the
inclusion of the effect of the SRC, respectively. The open circle, open square and rhombic
symbols are those of the experimental data taken from [35].
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by employing the values of b = 1.45
fm and β = 1.68 fm-2. It is obvious that
the dashed curve does not describe the
data. Introduction the effect of the SRC
(solid curve) leads to improve greatly
the calculated form factors.

In Fig. 8, the inelastic Coulomb C 4
form factors for the transition
MeV
and
0 +1 → 4 +1 ( E x = 10.31

B(C 4) =< 4 × 10 2 e 2 . fm8 [35]) are
presented. The calculated C 4 form
factors (the solid curve) are obtained

Fig. 8: Inelastic Coulomb C 4 form factors for the transition to the 4 +1 (10.31 MeV) state.
The dashed and solid curves are the calculated C 4 form factors without and with the
inclusion of the effect of the SRC, respectively. The open circle, closed circle, open square
and rhombic symbols are those of the experimental data taken from [35].
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