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Abstract

The single orbit 1f;, has been adopted as a model space. The use of modern
realistic M3Y effective nucleon- nucleon interaction with two sets of fitting
parameters (Ried fitting (M3Y-P1), and Paris fitting (M3Y-P0Q)) beside the use of
MSDI has been done as a residual interactions within the calculation of core
polarization effects in Inelastic longitudinal electron scattering C6 form factor in Ti-
50 within the framework of first order perturbation theory (microscopic theory) with
2ho excitation energy coupling the core orbits to the higher configurations one
across the model space at normal transition. Harmonic oscillator wave functions
(H.O) has been adopted as a single particle wave functions in 1f;, and with the aid
of FTMBZ model space 1f;, effective interaction to generate the model space wave
functions. The present results have been compared with the experimental data.

PACS:-21.60 Cs; 23.20-9;24.10 Cu;25.30 Dh;27.40-Z.
Keywords:Ti-50, Inelastic electron scattering C6 form factor calculated with core

polarization , M3Y as a residual interaction.
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Introduction

With  electron  scattering, one can
immediately relate the cross section to the
transition matrix elements of the local charge
and current density operators and thus directly to
the structure of the target itself. Of course, the
same considerations apply to processes
involving real photons, but electrons have the
second great advantage that for a fixed energy
loss of the electron, one can vary the three-
momentum transferred q to the nucleus, the only
restriction being that the four momentum
transfer be space-like[1]
Theoretical solutions to the nuclear many-body
problem are partly phenomenological, and thus
theory and experiment are closely tied together.
Theory takes its inspiration from experiment in
guiding the structure of the models and their
parameters; the nuclear shell model is the
primary example [2]. Nuclear experiment takes
its inspiration from theory in helping to choose
which experiments are most important to prove
or disprove model assumptions.
Through microscopic theory, the discarded
space has been included as a first order
correction through the first order perturbation
theory that is particle hole state (p-h), and using
mixing interaction in order to calculate these
effects as a residual interaction, some of the
most widely used mixing interaction to calculate
this effect are modifed-surface delta function
interaction (MSDI)[3], Michigan sum of three-
range Yukawa potential (M3Y)[4], Skyrme-type
hamiltonian (SKX)[5], Skyrme-type hamiltonian
(MSK7)[6], Dirac-Hartree hamiltonian
(NL3)[7], Gogny interactions D1S[8],.etc and
the process is called Core polarization (CP).
Differential cross sections for inelastic electron

scattering from °°Ti had been measured and
fitted using two representations for the transition
charge, (i) the hydrodynamic liquid drop, and
(ii) a phenomenological model. [9]. The cross
sections for the strongly excited, 2%, 3, 4* and
5 levels had been measured over a range of
momentum transfer q of 0.4-2.6 fm™. This
Experimental data are listed in ref. [10].

The inelastic Coulomb form factor for

electroexcitation of the yrast 6" state in *°Ti had
been measured [11]. The value for the root mean
square (r.m.s) charge radius of the 1f,, proton
orbit deduced from these data is appreciably
larger than the one extracted from the M7 form

factor for elastic magnetic scattering from *V .

565

Iragi Journal of Science, 2012, vol.53, No.3, pp 564-572

Inelastic Electron Scattering from fp Shell
Nuclei had been studied [12]. The calculated
form factors for *°Ti had been performed by the
use of Hartree Fock theory, results are in a good
agreement with the experimental data.
Shell-model and core-polarization calculations
for the yrast J* = 2°, 4", 6" levels in *°Ti
(Charge form factors) had been deduced and
compared with experimental data [13],
emphasizing the radial shape of the model wave
function in comparison with the g-dependence
of the data. The radial effect is explained in
detail by configuration mixing and core-
polarization effects.

In *°Ti 1f;, neutron orbit radius had been
measured by the use of elastic electron
scattering experiment and the result was
(r=3.96+0.05) [14].

In the framework of the Hartree-Fock model
the form factors for the inelastic electron
scattering to 2, 4", and 6" states in

16,4850 905254Cr and ***°Fe were studied
[15, 16]. The calculations are performed in
the 1f7/2, 2pss, 1fs2, 2p12, model space using
a modified Kuo-Brown effective interaction.
Inelastic longitudinal C6 electron scattering
form factors had been studied for *°Ti [17],
by the use of shell model wave functions in
1f7, and 1f7,1d32 model spaces with the
inclusion of core polarization in the
calculation of the form factor with M3Y- E
fitting [19] as a residual interaction, the core
polarization contributions are in positive
sign with respect to model space parts for all
the three cases.

Theory

For a selected operator T,T the reduced matrix

elements are written as the sum of the product of
the one-body transition density matrix elements
(OBDM) times the single-particle transition
matrix elements [3]:

/

where A =J7 is the multipolarity and the states
I=JT, and 1, =77, are initial and final

states of the nucleus respectively. While o and S
denote the final and initial single-particle states,

.
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Fi>=£OBDM(Fi T ,a,ﬂj<a



Majeed et.al

respectively (isospin is included). The OBDM
in the present work are calculated by generating
the wave functions of a given transition in the
known nuclei from the modified version of the
shell model code (OXBASH V.2005) [18]
which contains a complete library of shell model
effective interaction. All the informations about
transitions of given multipolarities are contained
in the OBDM which represents the combination
of the model space wave functions.

The reduced matrix elements of the electron
scattering operator T, consist of two parts, one

is for the "Model space” matrix elements, and
the other is for the "Core-polarization" matrix

<Ff A/\ Fi>:<erﬁ7
Where, <F . > are the model-space
f MS
)
cP

core-polarization matrix elements.
> and ‘F > are described by the model-space

wave functions.
The core-polarization matrix elements
equation (2) can be written as [21]:
s
cp

il

matrix elements, and, are the

rfo:

in

Fi> ~ SOBDM (a, ﬂ)<a6f 7|
cp ap

The first order perturbation theory says that the
single-particle matrix element for the higher-
energy configurations can be expressed as [3]:

2Tl VAl

where v represents a residual nucleon-nucleon

interaction, and might be simplified as fallows
[3, 21]:

w1
€, —€, € +e,

<a'I:’7 Q

J E_ H(o) res
X(@P Vs 1)

7)= Z{niTyp)~
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> 1

€8, —€p+e

A)=% <PF’7

the summation includes all possible particle-
hole states and €, is the single-particle energy

(k=a, B, p, h).

In equations 5 and 6, the energy denominators
are the excitation energies of the intermediate
states with respect to the unperturbed valance

states |a) and | 3).

In order to reduce the single-particle matrix
elements, Wigner-Eckart theorem [22] is used
with taking care of the proper normalization of
the angular momentum coupled two-particle
states one can obtain from equation 5 the
expression[3]:-

<jpmpJM ‘jhmh>

i Q
jmmh im)= T .
< IME_HO reslTA B jpvmpvjh l21h+1
m_,J,M
1

T

><<jh

i >><—><<j m jm ‘JM>
J — — a «a
p eﬂ ea ep+eh pp
i m )
x /l+5ap)(1+5ﬂh)

The summation over the three Clebsch-Gorden
coefficients can be performed to yield a 3j-
symbol and 6j-symbol, which is given as [3]:

) j i
. Q . i -m a I B
a B

' ]

@ plp

N ja J/f J
<3 <jhh;'1p>x
i e e, €, +e T

%(Ju §p Vel jh>Jlx\/(1+5ap)(1+5ﬂn)

+jh+J‘

h

where { ' } is the 6j-symbol.

In space and isospace coordinates, equation (8)
becomes [3]:
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. £n Q
<Jata ha T EHO Ve

X (_1)tﬁ+th+T' X| Ja

in
X< Jnty th,T

jﬂtﬂ> =

iprind €5 —€, —€p +€;

totn T

p

jptp>>< JA+8,,)0+54,)

The Greek-symbols is used to denote quantum
numbers in space and isospace coordinates,
equation 9 becomes [3]:

s T| .
X<JaJeres‘Jﬂ]h>J,T.
T ’

Q ( 1)ﬂ+a +I
D L — =
< WA E-HO ™ ﬁ> T eyt e, te
1% p ‘a al a2
a f A
(2r+1)x
1(12 a, T

<aa res‘ﬂaz <a WT H‘ > \/(1+5a1a)(1+5a2ﬁ)

where the index a,=j,t, runs over particle

states and
o= Jata and ﬂEJﬂtﬁ
initial  single-particle  states  respectively,

I'=J'T"' correspond to the total spin in both
spaces, , T7denotes the single-particle transition

operator of rank J in space coordinate and rank
T in isospace (A =JT) . T =0 or 1 are denoting

the isoscalar or isovector contribution.
Similarly one can find the contribution of the
second term of equation 6 as [3]:

T ﬂ>_

Q
<(Z %/res E_H ©0) A

a [ A
2]

a,=j,t, runs over hole states,

are the final and

pra _+T
iy ) 2
s

ay,09,0 eﬂ _ea —eal +e

J (2r+12)

2

a, T

Y1+6,,5)

apa

><<aa2 Vres \ﬂ%>l_ ><<a1 ‘WIH

a2>>< 1+0,
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The core-polarization form factor can be

s (2ID@+D) | qyipine evaluated by replacing the single-particle matrix

elements in equation 3 with the two matrix-
elements which are given in equations 10 and
11.

The total form factors are given by:
el

Q
Q=
resc_(0) A

Q
AMe_K(

0) Vres

)
cP

{
CP

The single-particle energies e,; are calculated
according to [3]:

_%a Ot or J=1-3
e . =n+l-YHro+
nlj 2

1 for iy, 1
@)y rj=i+d
.................................................... (13)
with:
(FO), ~—20A=2/3Mev
hw=45A"1/3 _p5p=2/3
................................................... (14)

For the two-body matrix elements of the residual
interaction (aar, |V,e| Ber) . which appear in

equations 10 and 11, the Michigan sum of three
range Yukawa potential (M3Y)

interaction of Berstch et. al [4] is adopted. This
interaction containing terms like those were
given in LS-coupling and tensor effects. A
transformation of the wave function from jj to
LS coupling must be done to get the relation
between the two-body shell model matrix
elements and the relative and centre of mass
coordinates, using the harmonic oscillator
radial wave functions with Talmi-Moshinsky
transformation.

The realistic M3Y effective NN interaction,
which is used in electron scattering (Ve =v12)
is expressed as a sum of the central potential
part Vl(zc)’ spin-orbit potential part Vl(IZ_S), and

long range tensor part V(f N), as follows [4, 23]:

(LS) (TN)

V12 + V12 + V12

V,, (M3Y - P0O) =



Majeed et.al Iragi Journal of Science, 2012, vol.53, No.3, pp 564-572

M3Y - PL + 9 + (TN) (oD
Vi, ' V12 Vi *Vi Vi The values of the best fit to the potential
.................................................. (15) parameters

SE) +(SO),$(TO) +(TE) (LSE) $(LSO) +(TNE
The four potentials are expressed as [23]:- tr(1 )’tr(1 )’tn 'trg)’trg )'tn ’tr(1T &

t(TNO) {(SE) , (TE) are shown in table 1 for
n dd dd

(SE) (SO) (TO) f
VlZ z(t PSE+t PTE+t PSO+t PTO) (r1z M3Y-P1and
Vie =2ty Pretty Pro) f ) LG+ 5 (t(SE) ,4(s0),1(TO) ,{(TE) ,4(LSE),$(LSO) ,4(TNE),
n n n n n n n
v = z(t““a P+t Poo) f () rLS. t(TNO) for M3Y-PO in table 2 [23].
n
VizDD) - (tjs P +tdd PTE)§ (r12
................................................. (16)
Table 1: The values of the best fit to the potential parameters belongs to Ried fitting (M3Y-P1) [23], for
TN, R, =0.7 fm.
R;=0.25fm | Ry=0.40 fm | Rs=1.414 fm
Oscillator matrix elements (Channel) ty t, 13
Centeral Singlet-Even (SE) 8599.5 -3556 -10.463
Central Triplet-Even (TE) 10475.25 -4594 -10.463
Central Singlet-Odd (SO) -1418 950 31.389
Central Triplet-Odd (TO) 11345 -1900 3.488
Tensor-Even (TNE) -131.52 -3.708 0.0
Tensor-Odd (TNO) 29.28 1.872 0.0
Spin-Orbit Even (LSE) -9181.8 -606.6 0.0
Spin-Orbit Odd (LSO) -3414.6 -1137.6 0.0
Density dependent Singlet-Even (SE)
t(SE)
=1090
Density dependent triplet-Even (TE)
t(TE)
dd  =1332
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Table 2: The values of the best fit to the potential parameters belong to Paris [23].

R;=0.25 fm R,=0.40 fm Rs=1.414 fm
Oscillator matrix elements (Channel) ty t, ts
Centeral Singlet-Even (SE) 11466 -3556 -10.463
Central Triplet-Even (TE) 13967 -4594 -10.463
Central Singlet-Odd (SO) -1418 950 31.389
Central Triplet-Odd (TO) 11345 -1900 3.488
Tensor-Even (TNE) 0.0 -171.7 -78.03
Tensor-Odd (TNO) 0.0 283.0 13.62
Spin-Orbit Even (LSE) 0.0 -813.0 0.0
Spin-Orbit Odd (LSO) -2672 -620.0 0.0

with the exception of TN, where R, = 0.7 fm.

MSDI as a residual interaction is the touchstone
in this paper because this type of interactions
(adjustable) will give us the general behavior of
the core polarization part with respect to the
model space one and expose the reasons behind
the negative sign in the addition process (core
polarization + model space) as we had seen and
without a prolonged analysis the matrix element
of this type of interaction might be expressed as
follows [24]

1
(a3

IJ":!.n'il. }_rr =

2

N

r /PR R I W PR 1
I::-j_}:.-'-:_.-'.:_!-:_!: ! 1 ( 1 1 ) [1 —_ l::—jjz!l_!q_-r_r]
- — ofl- — 0
4 ) ) 2 2 ) .E 2 g
dv dz I iy ]
S ERERN ERE [ BN Y

. 2 2 A2 2 4

+[(2T(T + 1) — 3)F + C]8y 283, (17)

Where,
A0=Al=B =25/A, C= 0.

Results, Discussion and Conclusions

The core-polarization effects has been
included in order to account the contribution of
configurations from outside of the model space
in the transition. The 1f;,, subshell orbit adopted
in this work as a model space for *Tj. Core-

—Arl:_j.:' nyFRrzidnging
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iy + 125z + 10275 +1)(2i, +1)
Q48,200+ 45,)

polarization effects are taken into account
through first order perturbation theory, which
allows particle-hole excitation from shell core
orbits 151/2, 1p3/2, 1p1/2, 1d5/2, 1d3/2 and 231/2

(shell model space having “°Ca as an inert core
). Mc Cullen-Bayman-Zamick(F7MBZ) [25]
effective interaction has been adopted for the
model space 1f;, to generate the 1f;, shell
model wave functions for *°Tij.
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The cp effects are calculated with the realistic
effective interactions M3Y-P1 and M3Y-PO0 [18]
and MSDI [3] as a residual interaction. In this
interaction, the Ried and Paris fitting have been
used to calculate the radial integral.

Inelastic longitudinal C6 Electron scattering

Form Factor in °Ti (1f 7, Model Space)

The nucleus °°Ti is really “ca +two protons
distributed in subshell 1f,, the space that be
chosen to study the behavior of this system
under excitatioin by the wuse of electron
scattering and calculating multipole form factor.
“Ca as an inert core and the model space
effective interaction F7TMBZ [25] has been
adopted to generate the model space wave
functions. Table 3 shows the values of OBDM
for the C6 form factors for the model space(1f,
) and F7MBZ as a model space effective
interaction calculation in °°Ti.

Table 3: The values of (OBDM) for the C6
form factors in *°Ti.

Ji Ji OBDM OBDM
(AT=0) (AT=1)
7/2 712 -1.32288 0.88192

Figure 1 shows the C6 form factor calculated
with the use of M3Y-P0 as a residual interaction
and this results are consistent with the
experimental one and it is clear that the model
space form factor is in a good agreement with
the experimental one and the results show that
the core contribution has a minor effect and in
opposite sign with respect to model space so that
the total C6 form factors are quenched. Protons
in model space will be dominantly responsible
to this coulomb form factor (e,=1e).

Return to the figure 1, it is clear that the core
contribution, model space and total form factors
are in phase. The experimental data are taken
from ref. [9].
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50
Ti : 1f7/2 model space
Cé:form factor
® Exp

__ model space

- core polarisation

total C6 form factor

1E-7 L
0.50 1.00 150 2.00 2.50 100

q(m’)

Fig. 1: Inelastic longitudinal C6 form factors in

50 . . . .
oTi nucleus, using M3Y-PO0 residual interaction.
The data are taken from ref. [9].

Figure 2 shows the C6 form factor calculated
with the use of MSDI as a residual interaction
and this results are consistent with the
experimental data and it is clear that the model
space form factor is in a good agreement with
the experimental data and the results show that
the core contribution is weak in some extent but
has the property of constructive interference so
that the total C6 form factors are enlarged and
overestimated and are in phase.

1E-3

T T

o

Ti : 1f7/2 model space
C6:form factor

® Exp

E model space M

- MSDI core polarisa tior
total C6 form factor _|

1E-7

@)

Fig. 2: Inelastic longitudinal C6 form factors in

5 -
Ti nucleus. using MSDI residual interaction.
The data are taken from ref. [9].
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figure. 3 shows Inelastic longitudinal C6 form

factors in 50Ti nucleus, for the 1f;, model
space calculation, and F7MBZ effective
interaction, (M3Y-P1) as a residual interaction,
where the core polarization effect has a
constructive and enhancement properties, a good
agreement have been obtained, with the
experimental data.

1E-3

T
50,
Ti : 1f7/2 model space
Cé6:form factor
® Exp

-+ model space
___core polarisa tion (M3Y-P1)
total C6 form factor

Fig. 3: Inelastic longitudinal C6 form factors in
*Ti nucleus. using M3Y-P1 residual interaction.
The data are taken from ref. [9].

Conclusions
1. In fp shell model space with many body

problem, the model space contribution is
found dominant with respect to the core one
for the three cases.

2. Core polarization effect has a constructive
contribution when we use (MSDI) and
(M3Y-P1) as a residual interactions in
comparison with M3Y-P0O because of the
density dependent term.

3. Use of two versions of M3Y with two
different sets of fitting parameters do change
the behavior of the core polarization
contribution especially in amplitudes and
phases where the density dependence has
the dominant contribution.
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