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Abstract

Electron scattering form factors frolC have been studied in the framework of the
particle—hole shell model. Higher configurations are taken into account by allowing
particle—hole excitations from the 1s and 1p shells core orbits up to the 1f—2p shell.
The inclusion of the higher configurations modifies the form factors markedly and
describes the experimental data very well in all momentum transfer regions.

PACS numbers: 25.30.Dh, 21.60.Cs

1. Introduction shells core orbits up to the 1f-2p shell. The configurations
which include the higher configurations are called the

Shell model calculations, carried out within a model spagetended space configurations. The ground stat&©fis
in which the nucleons are restricted to occupy a few orbitgken to have closed 4s and 1p,, shells. The states expected
are unable to reproduce the measured static momentst®pe most strongly excited from closed-shell nuclei are linear
transition strengths without scaling factors. Inadequacies d8mbinations of configurations in which one nucleon has been
the shell model wavefunctions are revealed by the needfsed to a higher shell, forming a pure single-particle—hole
scale the matrix elements of the one-body operators by effeg{xte F]. This approximation is called the Tamm—Dancoff
ive charges to match the experimental data. However, the irg sproximation (TDA) §]. The dominant dipole, quadrupole
oduction of effective charges may bring the calculateghq myltipole T = 1 single particle—hole states &%C are
transition strengths which are defined at the photon poiRlynsidered with the framework of the harmonic oscillator
as well as, the form factors at the first maximum, CIOS%HO) shell model. The Hamiltonian is diagonalized in the
to the measur'ed valugs, but the nonzero momentum ransigl .o of the single-particle—hole states, in the presence of the
(q)l values might deviate appreciably from the measur odified surface delta interaction (MSDB][ The space of
va uglse[(L:]t.ron scattering at 200MeV olfC and 3C, have the single-particle—h(_)Ie states.incIUQe al! shells up tQZZp

' shell. Admixture of higher configurations is also considered.

been studied by Satet al [2]. The effect of higher confi- comparison of the calculated form factors using this model
gurations wavefunctions are included in the work of Bennhoé. parsg . 9
with the available experimental data for the dominaiitly 1

et al [3]. Booten et al [4] investigated the higher con- :

figurations contributions on some p-shell nuclei. Coulomates are discussed.

form factors of C2 transitions in several selected p-shell nuclei

are discussed by Radet al [5] taking into account core- 2. Theory

polarization effects. The configuration of the mixing shell

model has been recently usef] [to study the isovector The ground state of’C is taken to have closed s and

states of?C in the framework of particle—hole theory. The1p3/2 shells, and is represented by,. The particle—hole

calculations are quite successful and describe very well tégite formed by promoting one particle from the shell-model

experimental form factors for all momentum transfer regionground state. The particle—hole state of the total Hamiltonian
The purpose of the present work is to include highefs represented b\ (ab~*) with labels (a) for particles with

energy configurations by allowing excitation from 1s and 1gyantum numbersngta ja) and (b) for holes with quantum

. 1 . .
1 permenant address: Department of Physics, College of Science, Al-Nah3HMbPers il jb). The stated;y(ab ™) indicates that a
University, Baghdad, Irag. particle was vacated frory and promoted tq,.
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Longitudinal and transverse form factors

The excited state wavefunction can be constructed as a Table 1.Energies and amplitudeg’™ for J-T = 1 states.

. L s
linear combinations of pure basis® as [7] particle—hole E1-) E2;) E(2,) E@3)
. 5 1 configuration 18.44MeV 19.88MeV 23.50MeV 18.87 MeV
Wiy = Z Xab_1q>JM(ab— ), (1) jabY P ¥ x2 x3L
ab

(1py2) (Lsy2) 7t 0.0473 0.0000 0.0000 0.0000

-1

where the amplitudex? , can be determined from a(lols/?l)(lmﬂ),1 —0.1810 0.8314  0.0703 0.9993
di lizati f 1h ab'd li . Bv includi h 10s2) (1ps/2) 0.1333 -0.1054 0.9936 0.0318
Iagonalzatlon of the residual interaction. Yy InCiu Ingt 51/2) (1m/2)—1 0.9739 0.5430 0.0834 0.0000

isospinT [8], one now has to solve the secular equation  (1f,,) (1s,,)* 0.0000 0.0442  0.0000 0.0165
) (2ps32) (1s12)~  0.0008 0.0000  0.0222 0.0000

> [@bHHab ™) smty, — Endgg 1 ap] Xdpe =0. (2)  (fs2)(Is)7t 00000 —-0.0636  0.0147  —0.0030
ab ’ (2py2) (1s12)t  0.0000 0.0000  0.0000 0.0000

The matrix element of the Hamiltonian is given 9] [
Table 2.Energies and amplitudeg’™ for J*T = 1 states.

(@b Y Hlab ) jmT,

particle—hole
= (85— ) 8,40+ G YViab ) urT, (3) configuration  E(3") =27.10 MeV
aa, z lab1) x5t

wherees-g; is the unperturbed energy of the particle—hole pair (Apy2) (1ps2) 2 0.0000
obtained from energies in nuclei with-A1 particles. (1ds)2) (1s1/2) 7t —0.0475
The matrix element of the residual interactigris given (2s1/2) (151/2)’11 0.0000
by the MSDI with the strength parametefg = 0.8 MeV, 8?1/2))((1151/2)):1 ggggg

A; =10MeV, B=0.7MeV andC = —0.3 MeV [9]. 7/2) (P32 :
! [9] (2p32) (1py2) ~0.3201
(C1 _q . . (Afs/2) (Apz2)~ —0.0020
(@b Viab ™ yurr =— Y I+ 1D(@T +1) (2py/2) (Lpya) - 0.0000

JT

NI NI
NI NI

ja o J ) .
x {J: i J} { 'I"} @bViab)jt. (4)  the correction factors for the.fn.) and the finite nucleon size
b (f.s.) [10Q]. The total inelastic electron scattering form factor

The matrix elements of the multipole operatdrs are is defined asq]
given in terms of the single particle matrix elements Bly [
IF3(q, )1 = |F5 @I+ [3 +tarf©/2)] IFJ" (@,  (9)
(W51 Ta1Wo) =D X2t (all T lIb). (5)
ab where |FJT’(q)|2 is the transverse electric or transverse

magnetic form factor.
where t, =1/2 for protons and—1/2 for neutrons. The g

amplitudesxaf;f1 can be written in terms of the amplitudes

Xap1 IN isospin space ad] 3. Results and Discussion
XJtil — (—T-T |:< Ts 0 T, > NG XibT_TO The unperturpgd energies for the sirlgle particle—holg stat-es
ab -T, 0 T, 2 for both positive and negative parity states used in this
ITo1 work are adopted from our previous theoretical work (see
+ 2t ( Tr 0 T ) J(;Xabf1 , (6) tables 1 and 2 fromd]). Higher configurations are included
- 0 T, 2 in the calculations when the ground state is considered as

a mixture of the|(1sy2)* (1ps/2)8) and |(2s1/2)* (2ps/2)8)
Z_N configurations, such that the ground state wavefunction
T,=——. (7)  becomes

where

The single particle matrix elements of the electron [Woo) = ¥ |Woo(151/2)* (1P3/2)8) + 8| Woo(251/2)* (2p3/2)®)
scattering operatofT; are those of I0] with n selects (10)

the longitudinal (), transverse electricH¢) and transverse
magnetic M) operators, respectively. Electron scattering,ith y2 452 =
form factors involving angular momentum transfér are
given by [LO]

L Koyt = ¥ X AN 0 =8

The excited states are also assumed as a mixture of
the particle-hole configurationg; b;%), |azbyt), |az by )

T and|a; by *), wherela;) = |a) = |Na £a Ja), |82) = |a) = [Na +
Z2(23 +1) 144 ja), Ib1) = [b) = [np £y jb) @and|by) = |b) = [Ny + 1p jb).

X |Fem(@I? [F1s@)? (8) The matrix element given in equation (5) is called the
model space matrix element, wheaeand b are defined by

whereJ; = 0 andJ; = J for closed shell nuclei ang is the the amplitudes given in tablesand 2 for the negative and
momentum transfer. The last two terms in equation (8) ap@sitive parity states, respectively.

I (@)= (W, TS Ws)
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Figure 1. Form factor for the (_31+E1 trans!tion to the (11) Figure 2. Transverse magnetic form factor for the M2 transition to
18.44 MeV state compared with the experimental data taken the (2, 1) 19.88 MeV state compared with the experimental data
from [12]. taken from [L3)].
Table 3. Values of the parametets* used in the extended space 5
calculations. 10 -
N 12
¥ & G G G L M2 C
3" 0.92 —0.27 —-0.27 0.078 1073 F 2350 MeV (2,,1) 3
2, —092 0.27 —0.27 0.078 3 ]
2, —092 0.27 —0.27 0.078 —— r=097
1074 ]
a -
The extended space matrix element becomes > 10=5 3
~
8
(Wal Ta IWo) = D _ xprs (Bl o lby) = E
e . 10
2 K (@l Tallog) + D o s (2ol oy l1ba) - E
aj_bz azbl I
107 F N
+ Ko (Bl o liba). (11) 5 =
azbz L
losb— v L
where 0.0 1.0 2.0 3.0
Jt, Jt, Jt, g (fm™)

Xa1bI1 =C; Kab-10 Xy byt =C Xab 1
Figure 3. Transverse magnetic form factor for the M2 transition to

e _ It e It the (2, 1) 23.50 MeV state compared with the experimental data
Xaghy* Ca Xap+ Xaghy* Ca Xaps- (12) taken from [L1].

The values of the parametels® are given in tabl8. The Donnelly [12] and are in slightly better agreement with
states 1, 2;, 2,, 3~ and 3 are found experimentally at 18.12,the experimental data for the momentum transfer region
19.50, 22.70, 18.60 and 20.60 MeV, respectivelg][ We ¢ < 1.0fm™™.
obtain the values 18.44, 19.88, 23.50, 18.87 and 27.10 MeV The transverse magnetic form factor M2 for the excitation
for the states 1, 2, 2,, 3~ and 3, respectively. to the 2, 19.50MeV state is shown in figur@ The

The I (18.12MeV), C1+E1 form factor is shown inamplitudes have to be enhanced by a factor 1.2 to account
figure 1. The amplitudesy'® are reduced by a factor 1.3,for the experimental data. The calculations incorporate the
to agree with the lowg data [7]. This state is dominated single-particle wavefunctions of the (HO) potential witk=
by (2s1)2) (1p3,/2)_1 particle-hole configuration, as given inl.64fm and a value oy =0.95, to account for the ground
table 1. The single-particle matrix elements are calculategiate correlation. The data are very well explained for the
with the HO wavefunctions with oscillator parameter=" momentum-transfey < 3.0 fm™*.

1.64 fm to agree with the elastic form factor determinatigj [ Figure3, shows the transverse magnetic form factor M2
Our results are consistent with the previous calculation &dr the excitation to the 2, 22.70 MeV state. The amplitudes
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Figure 4. Longitudinal form factor for the C3 transition to the

(37, 1) 18.87 MeV state compared with the experimental data Figure 5. Transverse magnetic form factor for the M3 transition to
taken from [L4]. the (3, 1) 27.10 MeV state compared with the experimental data

taken from [L3].

have to be reduced by a factor 1.82 to fit the IQwlata. The

single-particle wavefunctions are those of the (HO) potentile 4 state need to be enhanced by a factor of 1.2, to

with size parameteb = 1.50 fm and a value of = 0.97, to describe the low-q data. The amplitudes fdr r&eed to be

account for the ground state correlation. The experimentgduced by a factor of 5. This reduction may be attributed to

data are very well described throughout the momenturigher order effects, such as 2p-2h excitations, or even more.

transfer regions and the results are consistent with that @®rrelation in the ground state wavefunction by mixing more

Hicks et al[13]. than one configuration are necessary to describe the data. The
The 3~ (18.60 MeV), is dominated bylds/2) (1ps/2)~* single-particle wavefunctions of the HO potential with size

particle—hole configuration, as given in table The only Parameterb=1.64fm chosen to reproduce the root mean

multipole that contributes to the scattering is the longitudingAuare charge radius are adequate to describe the data, except

C3 multipole as shown in figuret. The calculations for M2 (23.50 MeV) transition where thie value has to be

incorporate the single-particle wavefunctions of the (HOgduced by a factor 14%.

potential withb =1.64fm andy takes the value 1.0. The

experimental data are very well explained for the momentumrAcknowledgments
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