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Abstract

The nucleon momentum distributions ( NMD) for the ground state and elastic
electron scattering form factors have been calculated in the framework of the coherent
fluctuation model and expressed in terms of the weight function (fluctuation function).
The weight function has been related to the nucleon density distributions of nuclei and

determined from theory and experiment. The nucleon density distributions( NDD)) is
derived from a simple method based on the use of the single particle wave functions of
the harmonic oscillator potential and the occupation numbers of the states. The feature of

long-tail behavior at high momentum region of the NMD has been obtained using both
the theoretical and experimental weight functions. The observed electron scattering form

factors for * ¢J ,¥ ¢l and K nuclei are very well reproduced by the present

calculations throughout all values of momentum transfer q.

PACS: 25 .30 .Bf.
Keywords:Electron scattering,Charge density,Form Factors.
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Introduction

The nucleon momentum distribution
(NMD) is of interest in many research subjects
of modern physics. In the last three decades,
there has been significant effort for the
determination of the NMD in nuclear matter
and finite nucleon systems [1]. NMD is
related to the cross sections of various kinds

of nuclear reactions. The experimental
evidence obtained from inclusive and
exclusive electron scattering on nuclei

established the existence of a high-momentum
component for momenta k£ >2 fm [2,3]. It has
been shown that, in principle, mean field
theories cannot describe correctly NMD and
density distribution simultaneously [4] and the
main features of NMD depend a little on the
effective mean field considered [5]. The
reason is that NMD is sensitive to short-range
and tensor nucleon-nucleon correlations
which are not included in the mean field
theories. Thus, theoretical approaches, which
take into account short range correlations
(SRC) due to the character of the nucleon-
nucleon forces at small distances, are
necessary to be developed.

There are several theoretical studies of
elastic electron-nucleus scattering, Bertulani
[6] and Karataglidis et al. [7] have performed
theoretical studies on electron scattering from
exotic nuclei. Roca-Maza et al. [§]
systematically investigated elastic electron
scattering off both stable and exotic nuclei
with the phase-shift analysis method. Chu et
al. [9] have studied the elastic electron
scattering along O and S isotopic chains and
shown that the phase-shift analysis method
can reproduce the experimental data very well
for both light and heavy nuclei. Recently, the
nucleon momentum distributions and elastic
electron scattering form factors for some even
and odd p-shell nuclei have been studied by
Hamoudi et al. [10]
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In the coherent fluctuation model (CFM ),
which is exemplified by the work of Antonov
etal. [11,12], the local NDD and

the NMD are simply related and expressed
in terms of an experimentally obtainable

fluctuation function (weight function) | f (x)|2.

They [11, 12] investigated the NMD of (*He
and '°0), *C and (¥K, *Ca and *Ca)

nuclei using weight functions | f ()c)|2

expressed in terms of, respectively, the
experimental two parameter Fermi
(2PF)NDD [13], the experimental data of
Ref. [14] .

The aim of the present work is to derive an
analytical form for the NDD of nuclei
presented at the end of the sd-shell based on
the use of the single particle harmonic
oscillator wave functions and the occupation
numbers of the states. The derived NDD is
employed in determining the theoretical

weight function |/ (x)|" which is used in the

CFM to study the NMD and elastic form
factors for some odd nuclei lying at the end

of the sd-shell, (such as PCLYCl and ¥K
nuclei). We shall see later that the theoretical

|f (X)z, the derived NDD,

capable to give information about the NMD
and elastic electron scattering form factors .

based on is

Theory
The nucleon density distribution ( NDD)
of one body operator can be written as [15]

p(r) = ﬁz AL+ 1)@ (M (r)(1)

Here is the nucleon occupation
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probability of the state n/ (£, =0 or 1 for
closed shell nuclei and 0<¢’,, <1 for open shell
nuclei) and ¢@,(r) is the radial part of the

single particle
function.

The NDD of nuclei under study ( >CL,>"CI

and »’ K ) presented at the end of the sd-
shell is derived on the assumption that there is
a core of filled 1s and 1p shells and the

occupation numbers of nucleons in2S and 1d
shells are equal to, respectively, 4—J and
A-32+0 andnotto 4 and 4 — 32 asin the
simple shell model. Using this assumption
with the help of eq.(1), an analytical form for

p(r) is obtained as:
2 4
e r 96( r
0= oy 135 ve-o
4
_l’_f

4 4 o

Here, the parameter J characterizes the
deviation of the nucleon occupation numbers
from the prediction of the simple shell model
(0=0), 4 is the nuclear mass number and b
is the harmonic oscillator size parameter.

The normalization condition of the NDD is
given by [11]:

harmonic oscillator wave

2 /b

4 =4z [p(ryrid ... (
0
The central NDD is obtained from eq.( 2)
1
p(0) =m{8+ 12-36 ..

Therefore, o can be obtained from eq.(4) as
(20 = 2p(0)z*'%b?)
3
The NMD of  sd-shell nuclei is also
determined by the shell model using the single
particle harmonic oscillator wave function in

momentum representation and is given by
[16]
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[10+(8/3)(bk)4 +4(A1_7520)

b3 22
e”k X

n(k)=

(bk)“}..(G)

3/2
v

In the CFM [11,12], the mixed density is
given by:

prr) = [lf O] po(rr )y (7)
Where:

NSO Y(FRC) i) WO OO
p.(r,r")=3p,(x) kF(x)‘F—F" xH(x 2 ..(8)

is the density matrix for A nucleons
uniformly distributed in the sphere with radius

x and density p,(x)=34/4mx’. The Fermi
momentum is defined as[11,12]

37 o)

kF(X)=[ > Po(x)J =(7) T
1/3
- a{%) ................... (9)

X 8
and the step function @ is defined by
on-{" =Y (10)

y) = 0. I

Equation (7) corresponds to the general
statement of the CFM in which the NDD of
the nuclear matter fluctuates around the
average distribution, keeping spherical
symmetry and uniformity. The diagonal
element of eq. (7) gives the one-particle
density as

p(r)y=p(r,r'=r)

= [l o, (r)x

In eq. (11), p (r) and |f()c)|2 have the
following forms [12]:

N O €17 ) N (12)
» 1 dp(r)
() = e (13)

The weight function | f ()c)|2 of eq.(11),
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determined in terms of the NDD p(r),
satisfies the normalization condition

0

[lreoffde =1

0
and holds only for monotonically decreasing

NDD, ie. P g,
r

On the basis of eq.(11), the NMD, n(k), is
expressed as [14]

n(k)zzTLf(xﬂznx(kyh: ................................ 15)
where
nx(k)%mm(kF(x)—\ﬂ) ............................ 16)

is the Fermi-momentum distribution of the
system with density p,(x). By means of
eqgs.(13), (15) and (16), an explicit form for
n(k) is expressed in terms of p(r) as

“@_FiT4XéT“”fmth;Uq 17
-5 ) 214 AL e
with normalization condition

d k
In(k)(zﬂ)3 = Ao e e ( 18)

The form factor F(g) of the nucleus is also
expressed in the CFM and is given by [12]

F(@) == [|ff Fx.g)ds

where F(x,q) is the form factor of uniform
charge density distribution given by:

34 | sin(gx
F(x,q)=—= {ﬂ - cos(qx)} ........ (20)
(gx)" | gx
Equation (20) reflects the physical

scattering picture, inherent by the CFM, in
which the scattering amplitude is a
superposition of different uniform charge
distributions. The nucleon finite size ( f5)
form factor is defined
by Fy(q) = Exp(-0.43g° / A)[17]and

F, (q) = Exp(q°bh* /4A) is the correction for

the lack of translational invariance in the shell
model (center of mass correction) [17].
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Inclusion of F,(q) and in the

F,(q)

calculations requires multiplying the form
factor of eq. (19) by these corrections.

It is important to point out that all physical
quantities studied above in the framework of
the CFM such as n(k) and F(q) are

expressed in terms of the weight function
| f (x)|2. Therefore, it is worthwhile trying to

obtain the weight function firstly from the
NDD of 3PF model extracted from the
analysis of elastic electron-nuclei scattering
experiments and secondly from theoretical
considerations. The NDD of 3PF models is

given by [13]
+eZ] 30 A 1 -2

PwrN=py [1 +ij / {1 4 I
c 77 % 2 =
J{ +W;][l+e : J rdr
c

The experimental weight functions | f (X)|23PF

are obtained by introducing eq.(21), into
eq.(13), Using eq.(2) in eq.(13), an analytical
expression for theoretical weight function

| S/ (x)|2 is obtained as

|f(of =

8
34b°

4
P T

16 x> 32 x> 2
22 2243248 e (22
3515 )bz}e (22)

{32+25.6Z—§—8(4—5)+
Results , discussion and conclusions

The nucleon momentum distributions n(k)
and elastic form factors for some sd- shell
nuclei lying at the end of the shell are studied by
means of the CFM. The distribution n(k) of
eq.(17) is calculated in terms of the weight
function obtained firstly from the fit to the
electron-nuclei scattering ~ experiments,
| f ()C)|23PF and secondly from theory, as in
eq.(22).

The harmonic oscillator size parameters b
are chosen in such a way as to reproduce the
measured root mean square radii (rms) of
nuclei. The parameter 6 are determined by
introducing the chosen values of b and the
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experimental densities p. (0) into eq.(5).

The values of b and & together with the
other parameters employed in the present

calculations for ~CL>CI and *’K nuclei
are listed in table-1. The calculated rms
(r*y.; and those of experimental data (r*)_>

cal
[13] are displayed in this table as well for
comparison. The comparison shows a

remarkable agreement between (r>)"” and

cal

(r*)!2 for all considered nuclei.

exp

The NDD for >>CIL,”’Cl and *° K nuclei

are shown in figure-1. The solid circles are
the experimental nucleon density distributions
of the three-parameter Fermi [13], the solid
curves are the calculated nucleon density

distributions of eq. (2), when O + 0, and the
dotted symbols are the calculated nucleon

density distributions of eq.(2) , when 0 =0 .
This figure shows that the dotted curves are in
poor agreement with experimental data,
especially for small r (fm). Considering the

parameter O in the calculation leads to a
satisfactory results with the experimental data.
A small deviation between the calculated
NDD and those of experimental data is seen at
0 <r<2.5 fm the region of small » ,ie., 0 <
r<2.5 fm.

The dependence of the n(k) (in fin’) on

k (n fm")y for PCL7Cl and YK
nuclei is shown in figure-2 The dash-dotted
distributions are the NMD of eq. (6) obtained
by the shell model calculation using the single
particle harmonic oscillator wave functions in
the momentum representation. The solid
circles and solid curves distributions are
the NMD’s obtained by the CFM and
expressed in terms of the experimental and
theoretical weight functions, respectively. It is
clear that the behavior of the dash-dotted
distributions reproduced by the shell model
calculations is in contrast with those of the
solid circles and solid curves distributions
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reproduced by the CFM. The important
feature of the dash-dotted distributions is the
steep slope behavior when k& increases. This
behavior is in disagreement with other studies
[11,15,18,19] and it is attributed to the fact
that the ground state shell model wave
functions given in terms of a Slater
determinant does not take into account the
important effect of the short range dynamical
correlation functions. Hence, the short-range
repulsive features of the nucleon-nucleon
forces are responsible for the high momentum
behavior of the NMD [15,18]. It is noted that
the general structure of the solid circles and
solid distributions at the region of high
momentum components is almost the same

for>C1,>"’Cl and *K nuclei, where these
distributions have the feature of long-tail
behavior at momentum region k >2fin"'. In

fact, the feature of long-tail behavior obtained
by the CFM, which is in agreement with

other studies [11, 15,20,19], is related to the
existence of high densities p () in the

eq.(11), though their

weight functions | f (x)|2 are small.

decomposition of

The elastic electron scattering form factors
from the considered spin zero nuclei are
calculated in the frame work of the CFM as
given by eq.(19). The present results for
elastic form factors are plotted versus the

momentum transfer g for PCLYCl and® k
nuclei as shown in figure-3. The dotted and
solid curves are the calculated results
obtained, respectively, without and with
including the corrections of F,(gq) and

F. (q). The solid circles are the experimental

data of elastic form factors for considered
nuclei. It is clear that the experimental data
[20,21] are in good agreement with both
calculations of the solid and dotted curves
throughout all values of ¢.
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Including F,(q) and F,, (q) corrections in

the calculations of the ~CL>Cl and® k
nuclei leads to slight reduction in the
calculated elastic form factors throughout all
values of ¢. All the first and second
diffraction minima are reproduced in the
correct places.

Table-1: The values of various parameters employed in the present calculations together with <r2>

Iraqi Journal of Science. Vol 53.No 4.2012.Pp819-826

Summary and Conclusions

It is concluded that the derived form of
NDD of eq.(2) employed in the determination
of theoretical weight function of eq. (22) is

capable to reproduce information about the
NMD and elastic form factors as do those of
the experimental data.

1/2
exp

1/2
cal

and <7’2>

Nucle 3PF [16] Experimental | Calculated parameters and rms of | Experimental
i central NDD the present work rms
[16] [16]
G | Gm| am | D ] e
m m m ~ N
(| UM (fm) (fm)
30 -0.10 3.476 0.599 0.1710227 1.970 | 1.8 | 3.371959 3.388
4 06
YL -0.13 3.554 0.588 0.1773539 | 1.957 | 1.7 | 3.367331 3.384
4 26
9k -0.201 3.743 0.585 0.1760695 1.987 | 1.5 | 3.434293 3.408
04 356

020 =

045 —

010 —

0.05 —

T
0.00 2.00 4.00 6.00 8.00 0.00 2.4

r (fm)

0.00 T T T T T '

00 4.00 6.00 8.00 000 T T T T T 1

r (fm) r (fm)

0.00 2.00 4.00 6.00 8.00

35 37
Figure-1: The dependence of the NDD on r(fim) for CL,""Cl and ¥ K nuclei respectively. The

dotted and solid curves are the theoretical NDD

of eq.(2) with & =0 and O # 0, respectively .The solid

circles curves are the experimental data [13]
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Figure-2:The NMD for ~Cl,” Cl and > K nuclei, respectively. The dashed-dotted distributions are the

results obtained by the shell model calculation of eq.(6) using the single particle harmonic oscillator wave
functions in the momentum representation. The solid circles and solid curves distributions are the calculated
results expressed by the CF'M of eq.(17) using the experimental and theoretical weight functions,
respectively .
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Figure-3;Elastic electron scattering is drawn as a function of momentum transfer for nuclei 35Cl *Cland* k

respectively . The dotted and solid curve are the calculated results without and with including the corrections
(finite size nucleon and center of mass corrections), respectively . The solid circles are the experimental data,
taken from Refs. [20,21]

825



Hamoudi and et.al

References

[1]J.G.Zabolitzky and W.Ey,1978,Momentum
distribution of nucleons in nuclei Phys. Lett. 76B,
527

[2]D.B. Day, J.S. McCarthy, Z.E. Meziani, R.
Minehart,R.Sealock,S.T.Thornton, J.Jourdan, 1.
Sick, B.W. Filippone, R.D.McKeown, R.G.
Milner, D.H. Potterveld, and Z. Szalata, y Scaling
1987,in Electron-Nucleus Scattering. Phys.Rev.
Lett. 59, 427

[3]C.Ciofi degli Atti, E.Pace, and
G.Salme’,1991,y-scaling analysis of quasielastic
electron scattering and nucleon momentum
distributions in few-body systems, complex
nuclei, and nuclear matter Phys. Rev. C 43, 1155,.
[4]M. Jaminon, C. Mahaux, and H. Ngo",1985,
Inability of any Hartree-Fock Approximation to
Reproduce Simultaneously the Density and
Momentum Distributions of Nuclei Phys. Lett.
158B, 103; M. Jaminon, C. Mahaux, and H.
Ngo",1986 Dependence of the Density
Distribution of *®Pb on the Occupation
Probabilities of Shell-Model Orbits Nucl. Phys.
A440, 228 ~1985!; A452, 445.

[5]M.Casas,J. Martorell,LE. Moya de Guerra, and
J.Treiner,1987,Mean Field Approach to the
Momentum Distribution Nucl. Phys. A473, 429
[6]C.A.Bertulani, 2005,Electron scattering on halo
nuclei ,Phys. Lett. B624, 203

[7]S.Karataglidis and K.Amos,2007,Electron
scattering form factors from exotic nucleiPhys.
Lett. B650, 148.

[8]X Roca-Maza.,M. Centellles, Salvat F.and
Vinas X.,2008,"Theoretical study of elastic
electron scattering off stable and exotic nuclei", ,
Phys. Rev., Vol. C78, pp. 44332 1-44332 16.
[9]Y.Chu,Z.Ren,T Dong.and Wang Z.,2009,
"Theoretical study of nuclear charge densities
with elastic electron scattering”,Phys. Rev., Vol.
C 79, pp. 44313 1-44313 7.

[10]JHassan M.A. 2010,"A study of nuclear
momentum distributions and elastic electron
scattering form factors for light nuclei using
coherent density fluctuation model " M.Sc.thesis,
College of

Science, University of Baghdad,.

[11JA.N  Antonov,Hodgson P.E.and Petkov
1.Zh,1988 Nucleon momentum and density
distribution in nuclei,Clarendon,Oxford,pp.1-165.

826

Iraqi Journal of Science. Vol 53.No 4.2012.Pp819-826

[12]Antonov A. N., Nikolaev V.A., and Petkov L
Zh.,1980,"Nucleon momentum and density
distributions of nuclei", Z. Physik, Vol. A297, pp.
257-260.

[13]De Vries H., De Jager C.W., and De Vries C.,
1987, "Atomic Data and Nuclear Data Tables",
Vol. 36, pp. 495-536.

[14]Reuter W., Fricke G.,Merle K., and Miska H.,
1982, Nuclear charge distribution and rms radius

of ?Cfrom  absolute  electron  scattering
measurements, Phys. Rev., Vol.C 26, pp. 806-
818.

[15]Moustakidis Ch. C. and Massen S.E., 2000,
"One-body density matrix and momentum
distribution in s-p and s-d shell nuclei", Phys.
Rev., Vol. C 62, pp. 34318 1-34318 7.

[16]Ridha A. R., , 2006 "Elastic electron
scattering form factors and nuclear momentum
distributions in closed and open shell nuclei",
M.Sc Thesis, University of Baghdad, pp.1-79
[17]Brown B. A., Radhi R. and Wildenthal B. H.,
1983,"Electric quadrupole and hexadecupole
nuclear excitations from the perspectives of
electron scattering and modern shell-model
theory", Phys. Rep., Vol.101, No. 5, pp. 313-358
[18]Traini M. and Orlandini G., 1985, "Nucleon
momentum distributions in doubly closed shell
nuclei", Z. Physik, Vol. A321, pp.479-484.
[19]Dal Ri M., Stringari S. and Bohigas O,1982,.,
"Effects of short range correlations on one- and
two-body properties of nuclei", Nucl. Phys., Vol.
A376, pp. 81-93.

[20] Crannell W. J., and Bergstrom J. C. 1980, "
Elastic Electron Scattering From the Isotopes

¥Cl and 'CI ", Nucl. Phys., Vol. A344, pp.
475-488.

[21] Sinha B. B. P., Peterson G. A., and Whitney
R. R., 1973" Nuclear Charge Distributions of

Isotone Pairs. *°K and *°Ca ", Phys. Rev., C7,
PP.1930 - 1937.



