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ABSTRACT

. . . . . . iy . . 460
In this paper, inelastic longitudinal electron scattering form factors C2 transitions have been studied in 77 and

*Cr nuclei with the aid of shell model calculations. The core polarization transition density was evaluated by
adopting the shape of Tassie model together with the derived form of the ground state two-body charge density

distributions (2BCDD's). The following transitions have been investigated; 01 —2*1 of *Ti and 01— 21 of

*Cr nuclei. It is found that the core polarization effects, which represent the collective modes, are essential for
reproducing a remarkable agreement between the calculated inelastic longitudinal C2 form factors and those of
experimental data.
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I. INTRODUCTION

The calculations of shell model, carried out within
a model space in which the nucleon are restricted to
occupy a few orbits are unable to reproduce the
measured static moments or transition strengths
without scaling factors. Comparison between
calculated and measured longitudinal electron
scattering form factors has long been used as stringent
tests of models for transition densities. Various
microscopic and macroscopic theories have been used
to study excitations in nuclei ['l. Shell model within a
restricted model space is one of the models, which
succeeded in describing static properties of nuclei,
when effective charges are used. Calculations of form
factors using the model space wave function alone is
inadequate for reproducing the data of electron
scattering 21, Therefore, effects out of the model space,
which are called core polarization effects, are
necessary to be included in the calculations. Various
theoretical methods PP are used for calculations the
charge density distributions among them the Hartree-
Fock method with the Skyrme effective interaction the
theory of finite Fermi systems and the single particle
potential method. Comparisons between theoretical
and observed longitudinal electron scattering form
factors have long been used as stringent test of models
of nuclear structure had been studied by Sahu et al.

46,48,50 -
6l They calculated form factors for ~  1i

7

023 Cp and ***Fe and by the use of Hartree-
Fock method, their results are in a good
agreement with  the experimental data. Core
polarization effects can be treated either by connecting
the ground state to the J-multipole nhi@®w giant
resonances 7V where the shape of the transition
densities for these excitations is given by Tassie model
B or by using a microscopic theory P which
permits one particle-one hole (1p-1h) excitations of the
core and also of the model space to describe these
longitudinal excitations. In the studies of Massen et al.
[12H14] the factor cluster expansion of Clark and co-
workers ° was utilized to derive an explicit form of
the elastic charge form factor, truncated at the two-
body terms, depends on the harmonic oscillator
parameter and the correlation parameter through a
Jastrow-type correlation function [6+

The aim of the present work is to study the inelastic

longitudinal form factor C2 for 46 77 and %0 Cr nuclei.

The calculation of form factors using the many particle
shell model space alone were known to be inadequate
in describing electron scattering data. So effects out of
the model space (core-polarization) are necessary to be
included in the calculations. The shape of the
transition density for the excitation considered in this
work was given by the Tassie model [®, where this
model is connected with the ground state charge
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density, where the ground state charge density of the
present work is to derive an expression for the ground
state two - body charge density distributions
(2BCDD's), based on the use of the two - body wave
functions of the harmonic oscillator and the full two-
body correlation functions FC's(which include the
tensor correlations TC's and short range correlations
SRC's). The one body density matrix (OBDM) element
used of shell model code OXBASH 71,

II. THEORY

The interaction of the electron with charge
distribution of the nucleus gives rise to the
longitudinal or Coulomb scattering. The longitudinal
form factor is related to the charge density
distributions (CDD) through the matrix elements of

¥,
multiple operators @,

|FJL(Q‘> |2 = A

- srars | (L @) [ 1o @F [7sof

Where Z is the atomic number of the nucleus, P s
the center of mass correction, which remove the
spurious state arising from the motion of the center of
mass when shell model wave function is used and
given by [,

Where A is the nuclear mass number and b is the
harmonic oscillator size parameter. The function “*@
is the free nucleon form factor and assumed to be the
same for protons and neutrons and takes the form ['®l

2 =2
_ g
Fpla) = 1+[4.33]

The longitudinal operator is defined as [19].
PE, (@)= [ dr j, gt ; (@2 p(rz)

Where 47977 is the spherical Bessel function, D s

the spherical harmonic wave function and © (%) is the
charge density operator. 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 the configuration mixing are
given in terms of OBDM elements times the single
particle matrix elements of the longitudinal operator "],
ie.

(N |1)- osme Tt o 1 o)
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f:rz':fzsq:'

The many particle reduced matrix elements of the longitudinal operator, consists of two parts one is for the model
space and the other is for core polarization matrix element [}
R ()
beedd
Tr(tz.4)

(s {rz,q}||i)=<f’%f;5(rz,q}
H”‘ , z>=ez-°fairr2;;mr)?§;,rz 6. F1)
o (7)

Where the model space matrix element in Eq.(6) has the form ).
Where € OV is the transition charge density of model space and given by ]

Ma

010, )= ZOBDM G, f. 05,700 (Y57 YRt (1) Rgr ()
A [ms)
Al e (8)

The core polarization matrix element is given by ["]

f‘Fﬁ:‘i (Tz.q)

Where P is the core polarization transition density which depends on the model used for core polarization. To take
the core polarization effects into consideration, the modél; space transition density is added to the core polarization
transition density that describes the collective modes of nuclei. The total transition density becomes.

)j — T‘ﬁréfﬁ {ﬁi’f}?;':i’ 71
I

rore

ms core
I,J.r)= I jf.ri+ IJ.r
p‘:r’!{ Jr) pJ’! G.J.r) PJ‘! CSer) (10)
core
Where 2 7 is assumed to have the form of Tassie shape and given by [8].
1 <o doli,
cTcJ:'"E‘I:I f,.?':l= N—ﬂ‘l‘fx}rJl .":}( f :I
E aro (11)

Where ™ is a proportionality constant. G727 s the ground state charge density distribution. It is derived an
effective two-body charge density operator (to be used with uncorrelated wave functions) can be produced by folding

~

the two-body charge density operator with the two-body correlation functions T as 20
J'f_ - = — - = — -
T24-D % i

- -

j;}.

where "iand i of relative and center of mass coordinates and the form of 7 is given by [’

Fo= FU A+ FU {1+ a5, (A

.(13)

It is clear that Eq. (13) contains two types of correlations:
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1. The two body short range correlations presented in the first term of Eq. (13) and denoted by JGy). Here ™ is a

3 1
projection operator onto the space of all two-body functions with the exception of 51 and 5 states. It should be

remarked that the short range correlations are central functions of the separation between the pair of particles which
reduce the two-body wave function at short distances, where the repulsive core forces the particles apart, and heal to

unity at large distance where the interactions are extremely weak. A simple model form of T s given as 21l

O Jorr =r,

0= 1—expl - pey — 0| Jorg >r,

25 fm

Where "¢ =0.4(in fm) is the radius of a suitable hard core and H= [21] is a correlation parameter.

2. The two-body tensor correlations presented in the secc_i_nd term of Eq.(13) are induced by the strong tensor
component in the nucleon-nucleon force and they are of longer range. Here Ay is a projection operator onto

1 1
R .
5: and 7 states only. ¥ is the usual tensor operator, formed by the scalar product of a second-rank operator in

intrinsic spin space and coordinate space and is defined by:-

3

Sy = ] (T, l::.::r_i, Fp d— T, T
v = . (15)
The parameter %Y is the strength of tensor correlations and it is non zero only in the %~'2: channels.

The Coulomb form factor for this model becomes,

1 o w .
Filg)= Tz Irzf;(qr),d?jlii,ﬂr}cfr +derr3;J(qrer-1M Frodd) Folg)
a o0 tfl’
y ...(16)
= do U, f,r
The radial integral o r can be written as:-

mﬂf[..rﬂ Vi T (7§ .

]g&‘ Jiar) g, G f ) e = [dr (T+ D17 jilgrde, G, F,0)

0 a

— far ™ = iy ge, G, f0)
0 o

Where the first term gives zero contribution, the second and the third term can be combined together as

—qfﬂiff”r“,ﬂﬂ(f,f :lﬂf( 5 J{; Jrtgr)
0
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From the recurssion relation of spherical Bessel function:

d J+1] . o
[d(qr)+ gr }Jf(qrj_h_lwrj ................... (18)

o2l . d I., ,r o - -
[ @ I gt et S0
o O, (19)

Hence, the form factor of Eq. (16) takes the form

. 4}1_ iz 1 o . M - T+l X .
Fig) = [Nﬁl] E{Ir jrgtes dr—NqT!‘a%rr ,oa(z,f,r:',e‘;_l(qr}} X P (@) Fi (9)

1]

N

can be determined from tﬁe form factor evaluated at g=k, i.e., substituting g=k in

_[cfrr Fke e @ - ik 2 JM
: 41

kJ‘cx’rrﬁlﬂJ 3, o0k, (fr)
|:| -

The proportionality constant
Eq.(20), we obtain

M=t

The reduced transition probability B(CJ) is written in terr‘hs of the form factor in the limit ¢ ~ x (photon point) as "I,

[(27 + 1] 33 2
Tk

B(CT) = ‘F; (;:)|

In Eq.(21), the form factor at the photon point q=k is related to the transition strength B(CJ). Thus using Eq.(22) in
Eq.(21) leads to

[drr+ p}?i (i, 7.1) -5f 2T, + D BT )
M=l '

(27 + I}Tdrr“i(f,f,r}

M

The proportionality constant
probability B(CJ]) into eq.(23).

can be determined by introducing the experimental value of the reduced transition

ITI. RESULTS AND DISCUSSION

The inelastic longitudinal electron scattering form factors C2 are calculated using an expression for the transition
charge density of Eq.(10). The model space transition density is obtained using Eq.(8), where the required OBDM
elements was calculated using the OXBASH code [17] . For considering the collective modes of the nuclei, the core
polarization transition density of Eq.(11) were evaluated by adopting the Tassie model together with the calculated
ground state 2BCDD of Eq.(13).

15
2
T
All parameters required in the following calculations of 2BCDD's, ( >
Tables (1).

and longitudinal F(g)'s are presented in
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Table 1. Parameters which have been used in the present

12}

calculations for the 2BCDD's, <r> and elastic and
inelastic longitudinal F(q)'s of all nuclei under study .

(£

Nucleus b (fm) {l’(ﬂ:l <r2 >r;” * (fm) <r2 >Ehp- “(fm) [22]

46Ti 1.955 | 0.095 3.240 3.570

S0cr
1.980 | 0.090 3.300 3.650

3.1. The nucleus *Ti

A comparison between the experimental and
theoretical form factors for the C2 transition for %Ti is
given in Fig.(1) shows the relation between the
longitudinal Coulomb C2 electron scattering form
factors as a function of momentum transfers q at E,=0.
89 MeV. The dashed curves represent the contribution
of the model space, the dashed-dotted curve
corresponding to the result of core polarization effects
and the solid curves represent the total contribution,
which is obtained by taking the model space together
with the core polarization effects where the effect of
two-body SRC's and TC's are considered, and the
dotted symbols represent the experimental data Ref.
(23l The model space calculations underestimate the the
experimental data for the region of momentum
transfer. The core polarization effects is added to the
model space, the obtained results for the longitudinal
C2 form factors become reasonable accordance with
those of experimental data throughout the whole
range of momentum transfer g. In the present of core
polarization effect, the first and second peaks are good
agreement with experimental data, but the third peak
is underestimated .

107 T T T T T

= Ti
C2E =0.88Mev

1o'?
0.00 1.00

qf m™"

Figure(1): Inelastic longitudinal form factors for the
transition to the 2*inthe “Ti with and without core-
polarization effects and by using Tassie model , the
experimental data are taken from Ref.[?’]
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3.2 The nucleus °Cr

The transition under investigation is C2, 0.78MeV
structure and properties of 3’Cr are experimentally and
theoretically well studied. In figure (2) the
experimental data of the C2 Coulomb form factors
which are taken from Ref. [**! are compared with the
theoretical shell model calculation. The solid curve
shows the result with core-polarization effects by
using Tassie model and the dashed curve
corresponding to the result without core polarization
effects and the dashed-dotted curve corresponding to
the result of core polarization effects. We are observed
three peaks in the form factors in this nucleus. In the
present of core polarization effect, the first and second
peaks are good agreement with experimental data, but
the third peak is underestimated .The pf-shell fail to
describe the data in form factors. Core polarization
effects enhance the form factor and reproduce the
measured form factor up to q=2.1 fm™ as shown by
solid curve of figure (2).

10"

50c,
107 C2.0.78MeV

107
10°

10"

107"

qifm g

Figure(2): Inelastic longitudinal form factors for the
transition to the 2" in the °°Cr with and without
core-polarization effects and by using Tassie model,
the experimental data are taken from Ref. %l

IV. CONCLUSIONS

1. The effect of FC's is, generally, essential in getting
<r2>112

good agreement between the calculated results of
and those of experimental data.

2. The fp-shell models, which can describe the static
properties and energy levels, are less successful for
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describing dynamics properties such as C2 transitions
rates and electron scattering form factors.

3. The core-polarization effect enhances the form
factors and makes the theoretical results of the
longitudinal form factors closer to the experimental
data in the C2 transitions which are studied in the
present work.
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