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Abstract
The inelastic longitudinal electron scattering form factors are
calculated for the low-lying excited states of 'Li {the first excited

state 377 =1 1 (0.478 MeV) and the second excited state j-7 _7 !
2 2
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(4.63 MeV)}. The exact value of the center of mass correction in the
translation invariant shell model (TISM) has been included and gives
good results. A higher 2p-shell configuration enhances the form
factors for high g-values and resolves many discrepancies with the
experiments. The data are well described when the core polarization
(CP) effects are included through effective nucleon charge. The
results are compared with other theoretical models.
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Introduction

The scattering of electrons from
nuclei gives the most precise information
about nuclear size and charge distribution,
since it 1is sensitive to the spatial
dependence of the charge and current
densities. In the electron scattering, the
target 1s probed through the well-
understood electromagnetic interaction.
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Since the interaction is relatively weak, the
measurement can be made on the target
nucleus without greatly disturbing its
structure [1].

Bumiller et. al. (1972) [2] measured the
elastic longitudinal form factor of °Li and
'Li at momentum transfer q<10 fm™.

Lichtenstadt et al. (1983) [3] measured the
transverse form factors for ground and
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0.478 MeV states of 'Li. A good
agreement between the data and their
results were obtained. Their calculations
were based on Cohen-Kurath (C-K) [4]
shell model amplitudes, using oscillator
parameter of value 1.65 fm. Weller (1985)
[5] measured the electric ground state
properties of 'Li. Comparison with data
from other experiments and with other
theoretical predictions were made. The
theoretical calculations tend to
underestimate  the actual transition
probability B(C2, 3 _, 1) value (8.3£0.5
2 2
e’ fm?).

Lichtenstadt et. al. (1989) [6] measured

the longitudinal and transverse
electromagnetic form factors of ’Li
ground-state doublet (the J " = % ground

L first

state and the Ex = 478 KeV, J " 25

excited state) by electron scattering up to
momentum transfers of 4.2 fm" and 4.5
fm™”, respectively. The -electromagnetic
form factors of 4.63 MeV excitation (J "

=7y in 'Li were measured by
2

Lichtenstadt et. al. (1990) [7] over
momentum transfer range 0.8 < q <4.2
fm™. Comparison with the form factors of
the ground-state doubled indicates that
high multipoles may make significant
contributions to the transverse form
factors, but not in the longitudinal ones.
Wolter et. al. (1990) [8] studied the
electromagnetic  structure of 1p-shell
nuclei. Their calculations included the
extended (0+2)7%® model space , and the
effective nucleon charges. They obtained
the values (e,=1.19¢ and e,= 0.06e) by
fitting the electric quadrupole moments
calculated in 2Aw@w space to the
experimental ~ values. The electron
scattering form factors of Ip-shell nuclei
have been performed by Booten (1992) [9]
in 1p-shell model as well as in the
extended (0+2) 2w model space, the effects
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of meson exchange current were included
to the transverse form factor. The
longitudinal form factors were calculated
for only 'Li nucleus, and reasonably well-
reproduced up to q ~3.2 fm' in the
enlarged model space. Karataglidis et. al.
(1997) [10] used (0+2+4) hw wave
functions in the analysis of the elastic and
inelastic electron scattering form factors in
Li and 'Li nuclei. For the longitudinal
inelastic electron scattering form factors,
none of their results made within all shell
model space were able to reproduce the
data at low momentum transfer, but high g-
data were well reproduced with multi-
hwmodel. In (1999) Mihaila and
Heisienberg [11] proposed a many-body
expansion for the computation of the
charge form factor in center of mass
system. They applied their formalism to
the case of the harmonic oscillator shell
model, where an exact solution exists.
Radhi et. al. (2001) [12] studied the CP
effects on the longitudinal form factors of
Ip-shell nuclei. The modified surface-
delta interaction (MSDI) was adopted as
a residual interaction. Their results
described the data very well in both the
transition  strengths and momentum
transfer dependence. Very recently, Radhi
et. al. (2009) [13] have studied the electro-
excitations, for p-shell nuclei, especially
’Be, using large-basis shall model wave
functions. They found that excitations up
to 6hwwere enough for sufficient
convergence. These excitations were found
to be essential in obtaining a reasonable
description of the data.
In the present work the effect of the center-
of-mass correction on the longitudinal
form factors is investigated. The exact
center-of-mass correction of Mihaila and
Heisenberg [11] has been adopted to
generate the longitudinal form factors in
the Born approximation picture. The
center-of-mass correction that was used in
other previous works was also taken into
account for comparison.
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wave functions of the initial (i ) and final

Tll:eolry dinal . . ( f ) states will be written as:
The longitudinal form factor for a given ) ) )
multipolarity Jand momentum transfer |'> = 5|' (1 p)> +1-6° || (2 p)> ----(2.5)

J is expressed as [9]:

coul (|2 _ 47 2 coul AP )= fap)+y1-77| f(2p)) —-2.6)
F (@) ; Je Ty (@] J;
Z°(23, +))
2 2 where O and are mixing parameters
X[ Fum (@] %[y (@) =ooeeeeeeeee . . L s |
Since the C-K interaction depends on the
) o angular parts only, the same OBDM are
where 1is the finite size of the nucleon, used for both Ip and 2p shells. The
- 0.43¢° g>b? reduced transition probability is given by
— 4 :
ond Ff.s —p F_=e no [16] -
. [(QI+D1] 22 . >
the center of mass correction [14, 15]. The B(CJ)= pe K2 ‘FJ (q= k)‘

reduced matrix elements of the
longitudinal electron scattering operator

A £
T is expressed as a sum of the one body whereq =k = o

density matrix (OBDM) }(JJiTJf (a0, ) times

Results and Discussion
1. The 0.478 MeV (1/2" 1/2) State

,B> For the coulomb transition to the
J'T :% % (0.478 MeV) first excited

the single-particle matrix elements and
given by:

<Jf”f3wu' ‘]i>: ZﬂZJJIJf (a,p) <aH-|:JCOUI

------- (2.2)

state, only the C2 multipole is allowed.
h d Blabel sinele-varticl The calculated longitudinal form factors
where & and Slabel single-particle with size parameter by,=1.74fm [2] and
states (isospin is included) for the model with bare nucleon charges are shown in
space. Fig.(1). The Ip-shell results with and
without the exact value of c.m. correction

(red and blue dashed curves respectively),

The exact value of the center of mass fail to reproduce the experimental data of

correction  F,,,(q) in the translation Lichtenstadt et al. [6] (circles) at all
invariant shell model TISM is given by regions of momentum transfer. The second
[11]:- diffraction]maximum is measured around
G) = q q = 3.3 fm". Same behavior could be seen
Fexa (@) Fc'm' @) Fint (@) --em 2.3) 3’1 the work of Booten [9], and Karataglidis
) ) ] et al. [10].
where F, is for the internal motion; The inclusion of higher configurations
equation (2.1) becomes:- supplies the necessary strength to
coul 2 4z 2 coul reproduce the data. Fig.(2a) represents the
‘FJ (q)‘ 2223, +1) KJ f HTJ (q)HJ i>results including the core-polarization
) 2 effects (with e,=1.35¢ and e,=0.35¢) with
X|Fexa(q)| X‘Ff.s(q)‘ """"""" (2.4) the exact value of c.m. correction (red-
When the 1p-shell model space is extended solid curve), and without the exact value of
to include the 2p-sheﬂ model space, the c.m. correction (blue-solid CU.I'VG). Both

calculations are close to each other, they
give a good behavior for all momentum
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transfer regions, and fail to reproduce a
second measured diffraction maximum.

The present results are compared with
the (0+2) 7z results of Booten [9] (dotted
curve), (0+2+4) o results of Karataglidis
et al. [10] (blue dash-dotted curve),and
with the (1p+CP) results of Radhi et al.
[12] (cross symbol curve). This
comparison is shown in Fig.(2b). Good
agreement can be noted between the
experimental data and both present results
and Radhi et al. [12] results.

The present results are very close to
that of Radhi et al. [12](cross symbol
curve) for momentum transfer up to q >3.0
fm”'. They reproduce very well the

measured first maximum value (~8x107)

Z. A. Dakhil and B. S. Al-gazaz

at ¢ ~ 1.2 fm", and they are slightly
different from that of Booten [9] (dotted
curve) and Karataglidis et al. [10] (blue
dash-dotted curve). The first maximum
was underpredicted by an order of
magnitude in both results of Booten [9],
and Karataglidis et al. [10].

The present results and that of the above
three models fail to reproduced the second
diffraction maximum. The predicted value
of B(C2) with the exact value of c.m.
correction (5.49 e.fm?) gives a reasonable
agreement with that of Refs. [9, 12] and
less than the observed value (8.3 0.5
¢’.fim*) of Ref.[17], as shown in table (1).

Table (1): The calculations of the reduced transition probabilities B(C2 T) (in unit of e*.fm*) in
comparison with experimental values and other theoretical calculations. The effective

charge for all transition is e,=1.35e, e,=0.35e.

Present work
(1P+c0rr.*)

Nucleus Without
exact
c.m.

value

1/2°1/2

With
exact
c.m.
value

Other theoretical results

Experiment
values
Ref.[9]

Ref.[10] | Ref.[12]

7/2°1/2

“Ref. [17],° Ref. [18] %, Ref. [7]
0.1

1E2 k£

i =L ® E=0478 MeV ]
163 |k / = = o bms=1.74 fm |
. = /7 ™ 9, Iponly with the
@ - _ ff \\e}act value of c.m. 1
o (f \ fb-only without the E
1= , \ E
E o
'_{ \ P
1E6 I & ¢ 4

1E-7 ?

[1==: 3 U N B I NI B I P B S

8]
0~ 90%g 11 32 112

1/2°1/2)

o.o 0.5 1.0 15 0

25

30 35 4.0 45

q(fm™)
Fig (1): The longitudinal form factors of the (1/2° 1/2) state in "Li calculated in 1p-shell model
space only. The red dashed curve represents the results with exact value of ¢c.m. correction, and the
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blue dashed curve represents the results without the exact value of ¢c.m. correction. The
experimental data are taken from Ref. [6] (circles).
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Fig (2) The longitudinal form factors of the (1/2” 1/2) state in "Li calculated with (1p+corr). (a) The
present results with and without exact value of c.m. correction (red and blue solid curves
respectively). (b) The present results (red solid curve) are compared to that of Ref. [12] (cross
symble curve), Ref. [10] (blue dash-dotted curve) and to the results of Ref. [9] (dotted curve).

2.The 4.63 MeV (7/2° 1/2) State

The transition to the J”T:% 1
(4.63 MeV), state is associated with C2
and C4 multipoles. The C4 multipole is
absent in the Ip-shell model space, since
the largest multipolarity for any transition
involving one-body operator is L=3.The
calculated form factors with size parameter
brms= 1.74 fm [2] and with free charges
are shown in Fig.(3).The form factor is
entirely dominated by C2 multipole.

The 1p-shell results with and without
exact value of c.m. correction (red and blue
dashed curves respectively) fail to match
the magnitude of the experimental data of
Lichtenstadt et al. [7] (circles), over all
range of momentum transfers.

The addition of higher energy
admixtures into the model space acts as the
core-polarization  corrections normally
associated with 1p-shell calculations.

For the calculations with the exact
value of the c.m. correction, the inclusion

of the core-polarization effects with
effective charges (e,=1.35¢ and e,= 0.35¢)

provides a very good agreement with the
first measured peak, but the results fail to
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reproduce the second diffraction maximum
as shown in Fig.(4a) (red solid curve). The
results without exact value of the c.m.
correction (blue solid curve) show almost
same behavior. The comparison between
the present results and that of Booten [9]
(dotted curve), Karataglidis et al. [10]
(blue dash-dotted curve) and (1p+CP)
Radhi et al. [12] (cross symbol curve) is
presented in Fig.(4b). The present results
and that of Radhi et al. [12] (cross symbol
curve) reproduce very well the measured
first maximum value (~13x107) at q~ 1.1
fm”. They are close to each other for
momentum transfer up to q > 2.8 fm™, and
slightly different from that of Booten [9]
(dotted curve), and Karataglidis et al. [10]
(blue dash- dotted curve). The second
diffraction maximum is not observed in the
present results as well as in all above three
models.

There is some doubt on the measured
B(C2) for this transition. From the q noted
7 -decay rate [18] this is 3.5 ¢*.fm*, while
the value obtained from an analysis of the
longitudinal inelastic electron scattering
form factor is 7.5 +0.8 ¢’.fm* [7].The
calculated B(C2) value (8.99 ¢*.fm") is in a
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reasonable agreement with the
experimental value (7.5 +0.8 ¢”.fm?) [7]
and with that of Ref.[9] and Ref. [12] as
shown in table (1). Radhi et. al. [19]
presented a calculation of the form factor
for the two mentioned stats of 'Li, using
Woods-Saxon potential for the radial part

Vol. 8, N0.13, PP. 38 - 44

of the single-particle wave functions. A
second diffraction maximum was obtained
in this case, and explained the diffractive
structure in these two states. So, the high
q-data depend strongly on the radial part of
the single-particle wave functions.

D'1g'"'I""I""I""I"" rrrTTTTTTT T T T T T
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Fig (3) The longitudinal form factors of the (1/2" 1/2) state in "Li calculated in 1p-shell model space
only. The red dashed curve represents the results with exact value of c.m. correction, and the blue
dashed curve represents the results without the exact value of c.m. correction. The experimental
data are taken from Ref. [7] (circles).
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Fig (4) The Iongitudqlgénl %orm factors of the (7/2 1/2) state in Li calculated with E%J)rcorr). (a) The
present results with and without exact value of c.m. correction (red and blue solid curves
respectively). (b) The present results (red solid curve) are compared to that of Ref.[12] (cross symble
curve), Ref.[10] (blue dash-dotted curve) and to the results of Ref. [9] (dotted curve).
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Conclusions

The most important conclusions of the
present work can be briefly summarized by
the following words: the longitudinal
inelastic electron scattering form factors
are fairly well predicted with the CP
effects. For both C2 transitions, the
inclusion of effective charges (e,=1.35¢
and e,= 0.35¢) are adequate to obtain a
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