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Abstract
In the framework of correlation method so-called coherent density fluctuation model (CDFM)
the proton momentum distributions (PMD) of the ground state for some even mass nuclei of fp-
shell like °Zn,"Ge and ™Se nuclei are examined. Proton momentum distributions are
expressed in terms of the fluctuation function(|f(x)|?) and determined from theory and
experiment. The main characteristic feature of the PMD obtained by CDFM is the existence of
high-momentum components, for momenta k > 2 fm™'. For completeness, also elastic electron

scattering form factors F(q) are evaluated within the same framework.

Keywords: Proton momentum distributions, Charge density distributions, Coherent density

fluctuation model.
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Introduction

The nuclear properties such as nuclear binding energies and nuclear density distributions p(r)
have been gain more attention in theoretical studies for the last few decades. These quantities
have been investigated successfully using the zero range Hartree-Fock method since they are
not sentient to the correlations of the short range nucleon-nucleon interactions. On the other
hand, the high energy interactions between particles and a target nucleus more over some low
energy phenomena, giant resonance for example, have been becomes the scope of the
experimental works in the resent years. These works make some additional quantities able to
be done such as the nucleon momentum distributions n(k) [1,2] of nuclei which expand the
range of the nuclear ground state theory. The nucleon momentum distribution is connected to
some process, which are concerning by the experimental works, such as nuclear photo effect
and absorption of the mesons by nuclei. Since the short range of the nucleon-nucleon force dose
not included in the Hartree-Fock method, it is becomes impossible to investigate density and
momentum distributions at the same time using this method where n(k) is sensitive to the short

range and tensor correlations. For this reason we need a nuclear correlation methods to make a
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correct simultaneous characterization of the relate p(r) and n(k) distributions. Different
correlation methods [1,2,4-7] have been clearly indicates that the distinctive property of the
nuclear momentum distribution is the presence of the high momentum component for (k> 2 fm"
1Y because the short range and tensor nucleon correlations. This property of n(k) has been
assured by exclusive and inclusive electron scattering measured data on nuclei. In general, for
the nuclear interactions calculations of the cross-section it is important to know the momentum
distribution of the interacting nucleons. The coherent density fluctuation model (CDFM) based
on the local density distribution as a variable of the theory has been suggested in [1, 2] to
investigate the nuclear structure and nuclear reactions using the essential results of the infinite
nuclear matter theory.

Hamoudi et al. [8,9,10] have studied the NMD and elastic electron scattering form factors for
p-shell [8], sd-shell [9] and fp- shell [10] nuclei using the framework of CDFM. They [8, 9,10]
derived an analytical form for the NDD based on the use of the single particle harmonic
oscillator wave functions and the occupation number of the states. The derived NDD’s, which
are applicable throughout the whole p-shell [8], sd-shell [9] and fp- shell [10] nuclei, have been
used in the CDFM. The calculated NMD and elastic form factors of all considered nuclei have
been in very good agreement with experimental data.

In this research, we follow the work of Hamoudi et al. [8,9,10] and utilize the CDFM with
weight functions originated in terms of theoretical charge density distribution (CDD) of some
fp-shell nuclei such as 7°Zn,”?Ge and "“Se nuclei. It is found that the theoretical weight function
|f (x)]? based on the derived CDD is capable to give information about the proton momentum

distributions (PMD) and elastic charge form factors as do those of the experimental data [11].

Theory
The charge density distribution CDD of one body operator can be written as [12]:
1
per) = - £r 220 + DIRy [ (1)
né
Vol: 13 No:2 , April 2017 134 P-ISSN: 2222-8373

DOI: http://dx.doi.org/10.24237/djps.1302.182B E-1SSN: 2518-9255


http://www.djps.uodiyala.edu.iq/pages?id=110

DIYALA JOURNAL FOR PURE SCIENCES

= R

Proton Momentum Distributions and Elastic Electron Scattering
from °Zn, “Ge and "Se nuclei

Ahmed N. Abdullah and Nabeel F. Latooffi

Where &, is the proton occupation probability of the state nf (¢,, = 0 or 1 for closed shell
nuclei and 0 < &,, < 1 for open shell nuclei) and R,,, is the radial part of the single particle
harmonic oscillator wave function.

The CDD form of 7°Zn,"?Ge and "“Se nuclei is derived on the assumption that there are filled
1s, 1p and 1d orbitals and the proton occupation numbers in 2s, 1f and 2p orbitals are equal to,
respectively, (2 — a;), (Z — 20— a,) and (a; + a,) and not to 2, (Z — 20) and 0 as in the
simple shell model, where the parameters a; and «, are the occupation number of higher shells.
Using this supposition in Eq. (1), the ground state CDD of "°Zn, "2Ge and "*Se nuclei is obtained

as:

4

bt = S fs = Sa k(B +20) () + (- 20 -2 5) (§)
(ﬁa2+ﬁ(z 20)+% )(%)6] (2)

Where Z is the atomic number, b is the harmonic oscillator size parameter.
The corresponding the mean square radius (MSR) is

=2 (220 0) ©

The central CDD, p_(r = 0) is obtained from Eq. (2) as

pe0 = 5 S| ®

Then a; is obtained from Eq. (4) as

2
a, = (5 p(0)m%/2 b?) (5)
The PMD, n(k), of the considered nuclei is studied using two distinct methods. In the first, it

is determined by the shell model using the single particle harmonic oscillator wave functions

in momentum representation and is given by [13]:
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3

25,2 4
a7 e b7k |5 + 4 (bk)* + (Z — 20)1—05 (bk)® (6)

k is the momentum of the particle.

n(k) =

Whereas in the second method, the n(k) is determined by the Coherent Density Fluctuation
Model (CDFM), where the Wigner distribution function (WDF) can be expressed as [1,2]:

wik,r) = j FGOI2 00k — 171) 0(kr () — |R])dx %
0

Which is the probability of finding a particle with momentum k at position r .
Using the basic relationships of the p.(r) and n(k) with the WDF,

) =4[ wiler) 2k 5
Pc\T) = Wk, T W' (8)
And
Neprm (k) = fW(k, r) d’r, 9
One can obtain the corresponding expressions for p.(r) and n(k) using the WDF from Eq.
(7), that is,
pelr) = [ 1FCOPpr) dx (10)

0
And

2 4 3 T
neprm (k) = | [fCOI® gmx 6 (kr () — [k[)dx (11)
0

In eq. (10), p,(r) has the following form [1,2]:
px(1) = po(x)0(x — 1) (12)
In the case of monotonically-decreasing density distributions (dp/dr < 0) one can obtain

from (10) the relation of the weight function |f(x)|? with the density

1 dpc(r)
2 — _ 13
FCOP =~ 54 (13)
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As a result the n(k) can be obtained as a functional of the charge density distribution p. [1,2]:

a/k
4 aN® a

nCDFM(k)=(§)2§[ j 6p:(0)x* dx — () pe () (14)

Where a = (9nZ/8)*/? with a normalization condition:

d3k
anDFM (k)w =27 (15)

The form factor F(q) of the target nucleus is also expressed in the CDFM as [6]:

1 oo
F@) =5 [ [P Fla.x) ax (16)
0
Where F(q, x) is the form factor of uniform charge density distribution given by [6]:
3Z [sin(gx)
F(Q; x) - (qx)z (qx) ) Cos(qx) (17)

Inclusion the corrections of the nucleon finite size F,(q) and the center of mass corrections

F.. (@) in the calculations requires multiplying the form factor of equation (16) by these
corrections. Here, F(q) is considered as free nucleon form factor which is assumed to be the

same for protons and neutrons. This correction takes the form [14]:

—0.43q2]

Fis () = e[ *

(18)

The correction Fem () removes the spurious state arising from the motion of the center of mass

when shell model wave function is used and given by [14]:

b2q2
4AJ

It is important to point out that all physical quantities studied above in the framework of the

Fon (Q) = e[ (19)

CDFM such as PMD and F(q), are expressed in terms of the weight function |f(x)|>.
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Therefore, it is worthwhile trying to obtain the weight function firstly from the CDDs of two
parameter Fermi (2PF) and three parameter Fermi (3PF) models extracted from the analysis of
elastic electron-nuclei scattering experiments and secondly from theoretical considerations. The
CDDs of 2PF and 3PF, respectively are given by [11]

_ Po
pC(T) - 1 + e(T—C)/Z (20(1)

_ po(1+wr?/c?)
pC(T) - 1 + e(T—C)/Z (ZOb)
Introducing Egs. (20) into Eq. (13), we obtain the experimental weight function |f(x)| -

2
|f(X)|3PF as

x3po x-c\72 x—c
| COl3pr = W(l‘Fe z ) ez (21a)
wx 2 COTCAY [ etml x—cy~1
41x?p, (1 tz )(1 6 &7 )e 2 2wx(1+e7)

|f(x)|3PF EY e = 2 (21b)

Moreover, introducing the derived CDD of Eq. (2) into Eq. (13), we obtain the theoretical
weight function |f(x)|%, as

87Tx4

FCE = 5777 pc()
16x* 11 5 4 x2
T 3771/2h5 F“1+8“2+(4_2“1_§“2)ﬁ

4 P 2 1\
+ (ﬁ (Z-20)+za; + 7a2> ﬁ} okt (22)

Results and Discussion

In the present work the CDFM has been used to investigate n(k) and F(q) for some nuclei
namely; °Zn, ?Ge and "“Se. In order to calculate the proton momentum distributions n(k),
obtained from Eq. (14), we need to investigate the CDD for both experiment, such as, 2PF and

3PF [11] and theoretical consideration using Eg. (2) which includes some parameters needed
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for calculations. These parameters have been calculated and presented in Table (1) together
with other parameters employed for the selected nuclei used in the present work. The parameter
az is determined by introducing the harmonic oscillator size parameter b, which gives the
experimental root mean square (rms) radii and the experimental central density p,,,, (0) into
Eqg. (5), while the parameter «, is assumed as a free parameter to be adjusted to obtain
agreement with the experimental CDD. It is important to remark that when a1=a>=0, Eq. (2) is
reduced to simple shell model prediction. The (2 — a,), (Z — 20 — a,) and (a; + a,) proton

occupations numbers for 2s, 1f and 2p orbitals, respectively, have been also calculated and

tabulated in Table (2). For comparison the calculated rms (rz)iﬁ and the experimental one
(r?);22 are also displayed in Table (2). A remarkable agreement has been shown for all

considered nuclei.

Table 1- Parameters for the CDD of the considered nuclei

Nuclei | Z | Model w c(fm) | z(fm) | pexp(0) (fm®) | b (fm) a, a,
[11,15]
OZn | 30 2PF — 4.404 | 0.583 0.071426 2.155 | 0.678123 | 0.93102
2Ge | 32 2PF ---- 4.45 0.573 0.074448 2.14 | 0.623203 | 1.13797
“Se | 34 3PF -0.09 4.488 | 0.5933 0.082787 2.141 | 0.315388 | 2.07989

Table 2- Calculated occupation numbers of 2s, 1f, and 2p orbitals of the considered nuclei

together with (rz)yj and (rz);/cf,
Nuclei Occupation No. Occupation No. Occupation No. 2\1/2 2\1/2 5,
of 2s 2—ay) | of 1f (Z —20 —ay) | of 2p (a; + a3) (e (fm) | {r i;"fo]( )
9Zn 1.321877 9.06898 1.60914 4.044 4,044
2Ge 1.376796 10.86203 1.76117 4.05 4.05
4Se 1.684612 11.92011 2.39527 4.07 4.07

Figure (1) demonstrates the CDD’s for "°Zn, "?Ge and "*Se nuclei which have been calculated
using Eq. (2) and denoted in this figure as dashed and solid curves with a; = @, = 0 and
a, # a, # 0, respectively. For comparison, the experimental data [11, 15] have been also

presented in Figure (1) and denoted by the filled circle along with calculated CDD curves. This
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figure shows a very clear discrepancy between the dashed curve and the experimental data
especially at the central region. Taking the effect of the occupation number of higher orbits
a,[J and a, into consideration leads to reduce this discrepancy and significantly at the central
region and subsequently improving the result by bringing the distributions of solid curves closer
to the experimental data. Figure (2) shows the n(k) (fm®) versus k (fm?) for "°Zn, "?Ge and
74Se nuclei calculated with shell model using single particle harmonic oscillator wave function
in momentum space. The experimental and theoretical n(k) obtained by CDFM, using
experimental and theoretical CDD in Eq. (14), have been also presented in this figure and
denoted by the filled circle symbols and solid curves, respectively. It is clearly seen that the
calculated n(k) distributions using shell model (dashed curves) has a steep slope behavior,
which are in disagreement with the studies [1,6, 16-18]. This disagreement refer to the fact that
the short-range correlation dose not included in to the ground state wave function of the shell
model calculations which is responsible for the behavior of n(k) in the high momentum [17,
18]. The calculated n(k) obtained by CDFM for the interested nuclei are much closer to the
experimental data than the shell model calculation. The CDFM corrected the steep behavior of
the n(k) curves to a long tail manner for k >2 fm™ region. The property of long-tail manner
obtained by CDFM s connected to the presence of high densities p, () in the decomposition
of Eq. (12), though their fluctuation function |f (x)|? are small. The dependence of F(q) on the
momentum transfer g (in fm™?) for considered nuclei is shown in Figure 3. As there is no data
available for 7°Zn, "2Ge and "“Se nuclei we have compared the calculated form factors (solid
curves) of these nuclei obtained in the framework of CDFM using the theoretical weight
function of Eq. (22), with those obtained by the Fourier transform of the 2PF and 3PF (filled
circle symbols) [11,15]. This figure shows that the calculated form factors are in very good

agreement with those fitted to the experimental data.

Conclusions

It is concluded that considering the effect of higher shells through introducing the parameters
a, and a, removes the discrepancy between the CDD of the simple shell model and those of

the experimental results at short distance. The calculated PMD in the coherent density
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fluctuation model (using theoretical and experimental weight function) are mainly
characterized by the long tail behaviour at high momentum Kk, since this feature agrees with
predictions of other theoretical and experimental studies.

0.1 T T T T T T T T T 0.1 T T T ] T | T | T
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Figure 1: The CDD for "°Zn,”?Ge and "*Se nuclei. The dashed and solid curves are the
calculated CDD of Eq. (2) when a; = a, = 0 and a; # a, # 0, respectively. The filled
circle symbols are the fitted to the measured data [11,15].
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Figure 2: The PMD for 7°Zn,”?Ge and "*Se nuclei. The dashed curves are the results of Eq.
(6) obtained by the shell model calculation using the single-particle harmonic oscillator
wave functions in momentum space. The solid curves and filled circle symbols are the
calculated n(k) expressed by the CDFM of Eq. (14) using the theoretical CDD of Eq. (2)
and the measured data of ref. [11,15], respectively.
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Figure 3: Elastic form factors for °Zn,”?Ge and "*Se nuclei. The solid curves are the form
factors calculated using Eq. (16) are the form factors obtained by the Fourier transform of the
2PF (°Zn,"Ge) and 3PF ("*Se) [11,15].
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