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Abstract

: Core-polarization effect on electron scattering form factors are calculated for the low-lying levels of “Be (2 429 MeV, 5/2° and 6 76

MeV, 7/2°) and for the ground state of '"F. The calculation has been performed within the framework of microscopic theory that includes core-
polanzation effects. An over all agreement with the expenimental data is obtained for the two low-lying levels in “Be considered in this work Also the
results agree very well with the intermediate maximum as well as the entire range of momentum transfer data for "“F
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1. Introduction

Several types of theoretical calculations have been performed
to describe the properties of p-shell and sd-shell nuclei. The

multi-nucleon shell-model with mixed configurations is one of

thesc theoretical models. According to this model, a closed core
1s assumed and the cxtra nuclcons are distributed over a limited
number of the higher orbits. This limited number of orbits form
the model space. In spite of the success of the shell model on
the static properties of nuclei in the region, it fails to describe
clectron scattering data at higher momentum transfer [1, 2]. The
effect of higher configurations (configurations outside the model
space) has to be considered to determine the success of shell
model wave functions in describing clectron scattering data.
Such effects are usually called core-polarization effect [3]. The
cffect of core-polarization has been found to be essential in
electron scattering on '2C and !3C[1]. Higher energy
configurations have been studied for some 1p-shell nuclei, where
the extended (0+2) s model space was used [2,4,5]. These
calculations did not include °Be. Extension of the modcl space
to include the 2 hw configurations, improves the agreement
with the transverse form factors in the beginning of the p-shell,
but towards the end of the p-shell the situation deteriorates [2].
Cichocki ez al [5] have found that only a 10% improvement was
realized by extending the model space to include the 2 Aw

configurations in describing the form factors of 'B. In the
analysis of the longitudinal inelastic electron scattering form
factors in ®7Li, Karataglidis and Brown [6] have used (0+2+4)
hw wave functions and none of their results were able to
reproduce the data at low momentum transfer, and the B(C2)
value of each transition was underestimated by a factor of 2.
The experimental data of the M1 elastic magnetic electron
scattering on '°F [7] display three maxima. The full sd-shell model
calculation [8) were not able to reproduce the second maximum
in the form factor. A large basis shell model calculations [7]
using all orbits up to the 1f,, shell produced the second
maximum, but no quantitative agrcement werc obtained. Core-
polarization calculation [7] gave reasonable description of the
data and showed that excitations from 1s to the 2s shell are
mainly responsible for the appearance of the intermediate
maximum. Their resuits showed that the high momentum transfer
values enhanced with respect to the data. Bouten and Bouten
19] have used a projected Hatree-Fock function and reproduced
the second maximum in the form factor, but the high g-data are
underpredicted by a factor of two.

Cluster model calculations [ 10] reproduced the three maxima
in the elastic magnetic form factor, but were unable to reproduce
the form factors for the negative parity states.
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The purpose of the present work is to use a microscopic
theory, which connects the full model space wave functions
with the particle-hole excitations from the core into the higher
orbits. The modificd surface delta interaction (MSDI) is used
for the residual interaction. The two-body interaction of Cohen
and Kurath [ 11] is used to generate the p-shell wave functions,
while that of Wildenthal [12] is used to generate the sd-shell
wave functions. The single-particle wave functions of the
harmonic oscillator (HO) potential are used with size parameter
b chosen so that the root mean square (rms) charge radius is
reproduced. Free nucleon charges and current operators arc
used for all multipole components that contribute to the
scattering.

The calculations include the T= 1/2 low-lying j* =5/2"
(2.429 MeV) and 7/2- (6.76 MeV) states in *Be, as well as the
1/2* (0.0 MeV) state of '9F.

2. Theory

The core-polarization effect on the form factors is based on a
microscopic theory, which combines shell-model wave functions
and configurations with higher energy as first order
perturbations. The reduced matrix elements of the electron
scattering operator T, is expressed in terms of the residual
interaction V, as follows :

(rymTy ;)= (I, nr;), +(rmeT,NT,), L (1)

where the states |I';) and | I’y ) are described by the model

space wave functions. Greek symbols are used to denote
quantum numbers in coordinate space and isospace, i.e.

r=J7.I'y=J,T; and A=JT.

The model space (MS) matrix element is expresscd as the
sum of the product of the elements of the one body density
matrix (OBDM) X f}r, (a, B) times the single-particle matrix
elements, and is given by [13]

(rwr,nr) =%Z?—,n (@ B){an T, 1B), @
o,

where a and B label are single-particle states (isospin is
included) for the model space.

Similarly, higher energy configurations (HC) matrix element
is written as

(r,maT, mr,.)m_, =Y 2t r, (@ B)(an 8T, WB). 3
a.p

According to the first-order perturbation theory, the higher-
energy configuration single-particle matrix element is given by
(14]

(all 57, lllﬁ):(allITA = QH v, B
i~ g
+<allle £, —H, T, p). @

The operator Q is the projection operator onto the space
outside the models pace. For the residual interaction V,_ , we

adopt the MSDI (14). E, and E, are the energies of the initial and
final states, respectively. Eq. (4) is written as [14]

(ans7, g)
_1\Braqx+I
-y e -..-(2r+1){a A
a,a,r B €y~ €y, +€q, a, o

x {148, ,q) (1 +8, o, [V,o,| Bay), (o NT,B,)

+ Terms with &, and o, exchanged, (5

where the index o, runs over particle states and &, over hole
states and e is the single-particle energy. The core-polarization
parts are calculated by keeping the intermediate states up to the
2p-1f shell. The hole states run over the 1s and 1p shells while
the particle states run over the 25s-1d and 2p-1f shells.

3. Results and discussion

The 2.429 MeV (5/2 ) level in *Be :

Six multipole components contribute to the form factor : The
M1, C2, E2, M3, C4 and E4 multipoles. Shell model calculations
restricted to the 1p-shell allow for amaximum multipolarity M3
in case of one-body operators. Due to the inclusion of the higher
energy configurations, higher multipoles could show up. The
total form factors are calculated for 6 =90°and @ = 160° and
compared with the experimental data of Ref. [15]. In Figure 1, the
model spacc (1p-shell orbits) calculation is shown as a dashed
curve. In this model, only the model space wave functions arc
considered where five nucleons are distributed over the orbits
1p,,, and lIp, ,. No contribution from the core or higher
configurations is taken into account. The theoretical curve
(dashed curve) underestimates the experimental data below ¢ =
2 fm™! in the 1p-shell model space. The transition strength B(C2)
is found to be equal to 9.46 e*fm* in comparison with the
experimental value of 45.7 £ 3.5 ¢?fim* [ 16). This discrepancy is
greatly improved by introducing core-polarization by allowing
particle-hole excitations from the 15 and 1p shells into the higher
sd and 2p-1f shells. This model gives the value 41.1 e*fm* for
transition strength B(C2). This enhancement in the transition
strength is reflected in the form factor as shown in Figure !
(solid curve). The core polarization contribution is shown by
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\he dotted curve. The experimental data are very well explained
throughout the entire momentum transfer region studied here.
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figure 1. Total form factor for the clectroexcitation of the J* =5/2 |

[ = 1/2 level 1n *Be at 2 429 MeV The calculation in the 1p-shell model
wpace 18 dicated by the dashed curve and the core-polanzation effect
ihigher energy configurations) is indicated by the dotted curve The total
torm factor including core polanzation effect 1s shown by the sohd curve
The data are taken from Ref [15]

In Figure 2, the transverse (M1 + E2 + E4) and longitudinal
(C2 + C4) multipole contributions are shown where the Coulomb
form factor dominates the scattering. The total form factors are
compared with the experimental data for @ =90° and for 8 =
160° (Solid and dashed curves, respectively). The E4
contribution turned out to be less than 10~¢ while the C4

Er T A S IR I
F " "Be(2.429 MeV) 5/2= 1
i — — 6=160° ]
[ 0=90°

107 E «-==-= Coulomb -3
F 00%ee Transverse 7

adddal

F(
a1

Al

sl

10 PP PP SR

0.0 0.5 1.0 1.5 2.0 2.5 3.0
q (fm™)
Figure 2. Total form factor including core polarization effect for the

lectroexcitation of the J* =5/2-, T = 1/2 level in *Be at 2.429 McV.
The solid curve is the calculation for @ = 90° in comparison with the
¢xperimental data (Circles) of Ref. [15). The dashed curve is the calculation
for 9 = 160° in comparison with the experimental data (squares) of Ref.
“5,1' The Transverse and Coulomb multipole components are also shown
% indicated,
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contribution is less than 10~ over the entire momentum transfer
region studied here.

The 6.76 MeV (7/2-) level in “Be :

The total form factors are calculated for @ = 160° for which the
data are available. Figure (3) shows the total form factors
calculated with the 1p-shell model space (dashed curve) and
with the core-polarization effects (solid curve). The core-
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Figure 3. Total form factor for the electroexcitation of the J* =7/2",

T = 1/2 level 1n “Be at 6 76 MeV The same labeling as in Figure | is used
The data are taken from Ref [1S].

polarization contribution is shown by the dotted curve. The
data are reasonably explained with the core-polarization
calculation which enhances the form factor. In Figure 4, the
transverse (E2+E4+M5) and longitudinal (C2+C4) multipole
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Figure 4. Total form factor including core-polarization effect for the
electroexcitation of the J*=7/2", T = 1/2 level in *Be at 6.67 MeV.

The solid curve is the calculation for @ = 160° in comparison with the
experimental data (squares) of Ref. [15]. The transverse and Coulomb
multipole components are also shown as indicated.
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contributions are shown where the Coulomb form factor
dominates the scattering. The E4 and MS5 contributions turned
out to be less than 10~ while the C4 contribution is less than
104 over the entirc momentum transfer region studied here.
The single-particle wave functions of HO potential are used
with size parameter 1.62 fm.

The 1/2* ground state of "°F :

The calculated M1 form factor for the ground 1/2* state of '°F
failed to account for the second maximum, when the shell-model
calculations in the full 2s 1d-configuration space were employed
[7). M1 form factor is shown in Figure 5 (solid curve) using the
full sd configuration space with Wildenthal interaction for the
two particle matrix elements in comparison with the experimental
data [7]. One feature of the data quoted is that they exhibit large
error bars in the intermediate region. The calculated form factor
shows a good agreement with the experimental data in the
regions of g < 1 fm™! and slightly overestimates the data for g >
1.5 fm™!. The form factor fails to describe the data in the region
1 < g < 1.5 fm™!, where the experimental data exhibit a second
maximum. Core-polarization effects are calculated by
perturbation theory by allowing particle-hole excitations from
the 15 and 1p shells that form the closed 'O core into the higher
2s-1d shell. These calculations are based on the shell model in
the full sd-shell space, with the same OBDM elements used for
the model space calculations. This correction is shown in Figure
S as a dotted curve. The M1 form factor including the core-
polarization correction is shown in Figure 6 (solid curve) in
comparison with the model space result (dashed curve). The
form factor is slightly reduced around its third maximum and
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Figure 8. Magnetic M1 form factor for the ground 1/2* state of “F. The
solid curve represents the calculation with the full sd-shell model wave
functions. The dotted curve represents the core-polarization correction.
The data are taken from Ref. [7].

becomes closer to the experimental data in this region. Ty,
second maximum is quite well reproduced by this correctiog
Although all possible particle-hole excitations are considereg,
it is found that the main contribution to the core-polarizatiog
correction comes from the 1s to 2s excitation. Use of effectiv,
operators to reproduce the measured static properties (at the
photon g =0 point), can not be considered as a core-polarizato,
correction, since the g-dependent form factor deviates fron
experiment at non-zero g. The single-particle wave functions ¢
the HO potential are used with size parameter b= 1.833 fin,
that the rms charge radius of '°F is reproduced [17].
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Figure 6. magnetic M1 form factor for the ground 1/2* state of "
calculated with full sd-shell model wave functions (dashed curve) and with
full sd-shell wave functions + core polanzation (solid curve). The data ar
taken from Ref. [7].

Core-polarization is essential to electromagnetic transition
strength and form factors in p-shell region and sd-shell region
when combined with full p-shell and sd-shell configurations,
respectively.
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