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Abstract

The transverse electron scattering form factors have been studied for low —

lying excited states of ‘Li nucleus. These states are specified by J* T= % %

(0.478MeV), % % (4.63MeV) and g % (6.68MeV). The transitions to these

states are taking place by both isoscalar and isovector components. These form
factors have been analyzed in the framework of the multi-nucleon configuration
mixing of harmonic oscillator shell model with size parameter brms=1.74fm. The
universal two-body of Cohen-Kurath is used to generate the 1p-shell wave
functions. The core polarization effects are included in the calculations through
effective g-factors and resolved many discrepancies with experiments. A higher
configuration effect outside the 1p-shell model space, such as the 2p-shell,
enhances the form factors for g-values and reproduces the data. The present
results are compared with other theoretical models.

PACS: 25.30.Bf Elastic electron scattering - 25.30.Dh Inelastic electron scattering
to specific states — 21.60.Cs Shell model —27.20. +n 5< A >19

Key word: Transverse electron,scattering

Introduction:

Electron scattering has been
established as a successful tool for
the study of elementary excitation

modes of the nucleus. The basic
electron scattering theory is based
on the electromagnetic interaction,
in which the electron interacts with
the charge, current and
magnetization distributions of the
nucleus [1]. There have been
several attempts to estimate the
higher configuration effects in
electron scattering through different
processes. Willely in 1963 [2]
calculated the contributions from
the transverse electric and magnetic
interactions for ’Li. The cross
section of electron scattering from

the ground state of ‘Li has been
measured by Van Niftrik et al.
(1971) [3]. The results agree very
well with results of lifetime
measurements. Lichtenstadt et al.
[4] measured the M1 and M3 form

factors of "Li (37 = %) ground state

and the M1 and E2 form factors of
the (3~ :1?_), 0.478 MeV state by

180° electron scattering. A very
good agreement between the data
and calculations using Cohen-
Kurath  (C- K) shell model
amplitudes [5], was obtained by
choosing an oscillator parameter
value of 1.65fm and by normalizing
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the calculated form factors for both
states by an overall factor of 0.92
(0.85 in the cross section). The
longitudinal and the transverse form
factors of the 4.63 MeV excitation

(;=-7") in "Li were measured over
2

the momentum transfer range 0.8 <
q < 42 fm! in 1990 by
Lichtenstadt et al. [6]. Booten and
Van Hees (1994) [7] studied the
electromagnetic properties of 1p-
shell nuclei (°Li, ‘Li, B, !B, N
and ®N). The calculations included
the extended (0+2)7i» model space,
and the effects of meson exchange
current (MEC). Extension of the
model space improves agreement
with the transverse form factors in
the beginning of 1p- shell, but
towards the end of 1p- shell the
situation deteriorates. Karataglidis
et al. (1997) [8] used (0+ 2+ 4)hw
wave functions in the analysis of the
elastic and inelastic electron
scattering form factors in °Li and
’Li nuclei. In their results, there is
remarkable  agreement  between
experiment and theory in all of the
transverse electron scattering form
factors. Dakhil (1998) [9] included
the contribution of the higher
configurations such as 2p- shell in
the calculations of elastic and
inelastic form factors for °Li, °C
and *N. This inclusion enhanced
the form factors and reasonably
reproduced the data. The effects of
MEC were included in the
calculations. Effective operators for
the different multipoles were used
to normalize the transverse elastic
and inelastic form factors to the
experimental data. AL-Bannaa
(2001) [10] studied elastic and
inelastic electron scattering from
SLi, ’Li, °Be and °B. The core
polarization effects had been
calculated through the first-order
perturbation  theory including

excitations up to 67® , using the
modified surface delta interaction
(MSDI) as a residual interaction.
The inclusion of higher excited
configurations enhances the form
factors and brings the theoretical
calculations close to the
experimental data. In the present
work, we follow the same sort of
analysis presented in Ref. [9]. In our
calculations, the space is extended
to include the higher 2p-shell
configuration, in which the angular
part is the same and only the radial
part of matrix element will be
modified. The two-body
interactions of C-K [5] are used in
both  configurations. The core
polarization effects are included
through effective g-factor.

1. Theory

The transverse form factors
involving the angular momentum J,
isospin T and momentum transfer q,
between the initial i and final f
nuclear shell model states of spin

Jis and isospin Tif is [11],

FJA (9)

‘2 4r
7). +)

L fEpT) *Fa@xF. 0
(1)

Where A —stands the transverse
magnetic or electric. The reduced
matrix elements of the transverse

electron scattering operator T are

expressed as the sum of the product
of the one body density matrix

(OBDM)  x;,, (J;,J)times the
single-particle  matrix  elements

[12,13],
<fHT]ﬂTHi>=§ZiJf (Ji,Jf)<Ji

o)

)

Where J, and J, denote the

single-particle initial and final
states, respectively. The structure
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factor  yy, (J;,J,)are obtained

from the work of Cohen-Kurath [5].
The finite size (f.s.) nucleon form
factor is F, (q)=exp (-0.43¢*/4), and

F...(0) =exp (q’b*/4A) is  the

correction for the lack of translation
invariance in the shell model [14,
15], where A is the mass number
and b is the size parameter of
Harmonic oscillator (HO). The total
transverse form factor is given by: -
2 2 2
o =Xl +[Frof]
J>0
©)
When the 1p-shell model space
is extended to include the 2p-shell
model space, the wave functions of

the initial (1) and final ( f ) states
will be written as [9]:

i) =i @p))+V1-a?|i(2p))

(4)
[ f)=7]f @p)+~1—72|f (2p))
()
Where «a and » are mixing
parameters,  Since the C-K

interaction depends on the angular
parts only, the same OBDM are
used for both 1p and 2p shells.

2. Results and Discussion
The ’Li nucleus is well described
either by shell model or an o« -t

cluster model. One can improve the
nuclear wave  functions by
systematically analyzing the
electron scattering form factors for
all variety of transitions in a given
nucleus. According to the many —
particle shell model, the nucleus Li
is considered as a core of *He plus
three nucleons distributed over the
1psi2 and 1pas orbits. The transverse
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form factors of the J* T= 1 %

(0.478MeV), % % (4.63MeV) and

51
2
calculated within the framework of
shell model using Cohen — Kurath
interaction [5]. The transverse form
factors of the ground state and two
first excited states have been
measured up to the momentum
transfer q ~ 4.2 fm™ by Lichtenstadt
51
2 2
(6.68MeV)state, the experimental
data is absent . The single particle
wave functions of harmonic
oscillator  potential ~ with  size
parameter brms=1.74fm chosen to
reproduce the root mean square
charge radius, are used for all
transitions considered.

(6.68MeV)  states are

et al[46] , but for

3.1 The 0.478 MeV (% %) state

The transverse form factors for

0.478 MeV (% %) state are shown

in Fig. (1). The individual
multipoles M1 and E2 which
comprise the total form factor are
denoted by short-dashed and dotted
curves respectively. The
experimental data of Niftrik et al.
[3] (circles) and Lichtenstadt et al.
[4] (squares) are compared to the
present results and to other models.

The Mland E2 multipoles in the
0.478 MeV form factor are expected
to have a similar g-dependence to
those of the elastic M1 and M3
multipoles respectively. Since the
E2 and M3 form factors peak
around the location of the M1
minimum .The M1 multipole
dominates form factor below 1.0
fm. The results obtained in 1p-
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shell model space with free g- "D'z'g""i""i""i""i';'_'i"'_'i""i"_"i'z
factors and bms=1.74fm (long- L{,’Eﬂﬂ;}j 2 li2
dashed curve) reproduce the 10 % B, i
experimental data for momentum : e, = = = 1P ol
transfers up to q ~ 2.4 fm™, but at 10 _4;/ SN E‘-F% ]
higher g- data the form factors are J = \‘ B
underestimated. This discrepancy i A

could partly be resolved by =« 10 "’3‘ . L \\\” E
introduction the higher = |} ° N g
contributions as  shown in 10 %k . M:l: Yoy 4
Fig.(2)(solid curve). The present : | W
calculations include the admixture 10 S 'f o i
of 2p-shell with o =7 =099 and "C‘\
effective g- factors —e.'...|....|....|....|....|....|....~T‘=‘....|.
(g? 1 =084 gP" ). The results 1005 05 10 18 20 25 30 35 40
with these parameters (solid curve) _ alfm 1>_ .
reproduce  the experimental-data Fig _(1) Transverse |nela§tlc electron
very well for momentum transfers scattering form factors to the % (0.478 MeV)
up to g ~ 3.0 fm™, and they are still state in’Li. The data of Ref. [3] (circles) and
unpredicted at high g-data. The Ref. [6] (squares) are compared with the
comparison is made with results in results of 1p -shell model space (dashed
the 2wmodel space of Booten et components are  curve).The M1 agﬁov\'lznz
al. [7] and with the (0+2+4)hiw of ., T
Karataglidis et al [8]. This T S MRV VT
compression is shown in Fig. (3). In I b=1.74fm

the extended model, Booten et al. 107 e B O oy 3
[7] (dotted curve) performed a good tF ;é}'{;&;{';é};'cﬂoz{gi'ﬁhwﬁ

Wtk

description of the data up to q~3.0 10~k
fm. ;

The results of Karataglidis et 10 -
al. [8] (cross symbol curve)
reproduce the magnitude and shape
of this form factor up to 3.0 fmY,
with but a slight overestimation [
above 1.0 fm™. The results of the 107
above three models are close to i
each other for g ~ 3.0 fm? and 1063_0
underestimated the higher g data as ' .

indicated in Fig. (3). alfrm

Fig. (2) Transverse inelastic electron

scattering form factors to the 1 (0.478
2

MeV) state in’Li.The present results in

(1p+2p)-shell (solid curve) and in 1p-shell

model space (dashed curve ) are compared

with the data of Ref.[3](circles) and

Ref.[6](squares).
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Fig. (3) Same as caption to Fig. (2).the data of
Ref.[3,6] are compared to The present results (solid

curve), and to the (0+2)fiw results of Ref. [7]

(dotted curve), and to the (0+2+4) fi@ results of
Ref. [8] (cross symbol curve).

3.2 The 4.63 MeV (g %) state

The calculated transverse form
factors of the 4.63 MeV
(J"T = g =) state are presented
in  Fig. (4). The contribution
multipoles are the E2 and M3
components. The E2 (solid curve)
and M3 (cross-symbol curve)
multipoles are dominated and peak

around g ~ 1.5 fm™.

The E2 multipole shows
diffraction minimum at q = 0.4 fm™.
Both E2 and M3 have a similar g-
dependence for q up to 0.6 fm™
Same behavior can be noted in the
results of Dubach et al. [15], Booten
et al. [7] and Karataglidis et al [8].
The 1p-shell results with free g-
factors and bms=1.74fm (dashed
curve) reproduce the peak position
of data but show large discrepancies
over all range of momentum
transverse. The experimental data of
Lichtanstadt et al [6] for the 4.63
MeV state are measured to cover
the range of 0.8 < q < 4.2 fm™™. This
data are compared with present

109

results and with that of Booten et al.
[7] and Karataglidis et al. [8] as
shown in Fig.(5). The inclusion of
2p-shell witha=y =0.94, and
effective g-factors
(g” " =0859”" ) may provide

s— free
sizable corrections to thelp- shell
model space results. This inclusion
Is indicated by solid curve in Fig.
(6). The present results reproduce
the experimental data up to g~3.0
fm™* and underestimate the higher g-
data. Similar results obtained by
Booten et al. [7] (dotted curve). The
results of Booten et al. not only
predict the form factors fairly well
up to momentum transfer of g~ 3.0
fm?, but also bring theory in a
reasonable  accord  with  the
experiment. The data are much
better reproduced in the 2hiw-
model space.
The results of Karataglidis et al.
[8] reproduce the peak magnitude
and position of the data. However,
the results underpredict the data
above 2.0 fm™. This is due in part to
the form factor being dominated by
the M3 transition. The M3 form
factor dominates, with the E2
contribution being a factor of 2 less.
The results of Booten et al.[7]
are close to that of Karataglidis et
al.[8] and they significantly
departed from the present results. A
perfect description of the data in the
present model is achieved up to q ~
3.0 fm?,
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Fig. (5) Transverse (E2+M3) form factor

for 7 state in’Li. The data of Ref. [6] are
2
compared to the present (1p+2p) results

(solid curve), (0+2+4) i results of Ref.
[8]( cross symbol curve).

The 6.68 MeV (g %) state

The transverse form 3
factors for the transition to the 6.68

MeV (g %) state are displayed in

Fig. (6). The contributions of M1,
E2, and M3 multipoles are
indicated by solid, dotted and cross
symbol curves respectively. These
multipoles peak around same
location of about 1.5 fm™, but with
different values of maxima. The
M3 multipole  has  minor
contribution to the total form
factor, while the E2 and M1
multipoles are dominant and their

maxima give the values 4x10*

and 1.5x10~* respectively.
Furthermore, the results show that
the E2 and M1 multipoles would
have similar g-dependences. No
diffractive structure was found in
the transverse form factor. There is

IF+l?

data to be
compared with.

The 1p-shell results with free .4
g-factors and brms=1.74fm (dashed
curve) has the same position peak
of multipoles but with different

magnitude  about6x10*.  The
inclusion of 2p-shell admixture with
a=y=0.99and effective g-factors

(g¥ 1 =099 g”" ) is indicated

s— free
by solid curve in the Fig. (7). The
maximum of the form factor is
slightly shifted towards a higher
value of g, and increased as well as
a and y decreased. Same behavior

obtained by Dubach et al. [15].
Their results show a diffraction
minimum at q ~ 3.2 fm* for M1 and
E2 multipoles and at g ~ 1.6 fm™*
for M3 multipole. In the total form
factor, the higher multipole (E4)
fills in the minimum near g ~ 5 fm*
due to exchange-current effects in
the lower multipoles. A study of
this form factor provides a good test

for our approach.

no experimental

10 7

10~

10

10~

107

L3/ 27 1/2=5/271/2) 3

e (MT+E2+MI) 6.EBMeY ]

110

-1
Fig. (6) Multipoqgfge':co]mposition of the
transverse form factors of 51 (6.68
22
MeV) state in’Li .The total form factor in
1p-shell model space denoted by dashed
curve.
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10 55........
: U(3F21/2+5/271/2) ]
(MT+EZ+MI) B.65Mal ]
gm=9-9991m
b=1.74fm
- — — 1F only
—————— prezent.
work

10 7%
10 %
10 %

10 7

q (fm™)
Fig. (7) Transverse form factor of the (1p +
2p)-shell model (solid curve) and of 1p-shell
model space (dashed curve).

4. Conclusions

The present results show many

conclusions which can be summarized
as follows:-

1 The 1p-shell model space results
with brms and free g-factors can
account for the data only as far
asq < 2.0fm™.

2 The effective g-factors given in
the text make a reduction to the
form factors and do not
reproduce the higher g- data.

3 The inclusion of higher orbit
contribution gives a remarkable
improvement in  the form
factors.

4 The higher g-data for the

transition to J*T = % %states

in ‘Li beyond 3.0 fm? needs
inclusion higher orbits
contributions beyond that of 2p-
shell, in order to be described
satisfactorily.

5 The study of all transitions that
the data are absent gives good
improvement for the validity of
our approach.
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