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ABSTRACT

The elastic scattering form factors of electrons on C, 0 and Ne

nuclei are calculated using vave functions which have realistic asymptotic

behaviour and introducing Jastrov correlations. Analysis of the parameters

and comparison with experimental data is given.
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ISTTRODUCTICffl

The study of the electron elastic scattering form factors is useful to

extract information on the forms of the nuclear charge denisty- Many

authors have calculated the form factor using different shapes of the nuclear

charge density. For the sake of simplicity, oscillator wave functions are used

which have gaussian asymptotic behaviour. However, realistic nuclear charge

densities have exponential asymptotic behaviour. To overcome this difficulty

of asymptotic behaviour, a symmetrized Fermi density vas introduced hy
2)

Eldyshev et al. . Trial wave functions, having an exponential

asymptotic form, for the n-particle nucleons were used by Inopin et al.3)

At large momentum transfers the form factor structure is very sensitive

to effects that take place over small antinuclei distances. It is therefore

interesting to consider the internal structure of a particle formation hy

introducing dynamical short-range correlations of nucleons. Dzhibuti and

Kezerashvili * were able to introduce the Jastrow short-range, using

the Ripka diagram expansion, into the shell model and the o cluster model.

In this work we use trial functions of exponential asymptotic

behaviour,which were introduced by Inopin et al. and also include Jastrow

short-range correlations. In Sec.II the model is introduced,and in Sec.Ill

results and discussion are given.

II.

with

THE MODEL

The wave function that describes the o particle formation in a nucleus

nucleons (N is the number of cc particle formations In the nucleus)

can be written in the form

C

(1)

In Eq.(l), C ia a normalization constant, R is the radius vector describing
+• Vi

the position of the centre of the fc
+• Vi

mass centre of the nucleus and det <p(rm -
a part icle fo.rma.tion relative to the

is the wave function of the

a part icle formation without allowance for the short-range correlations. The

functions <p(r - R ) are considered in the form
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vhere

'= c (̂  Y

Inopin et aX. called these functions "symmetrized Fermi functions".

They depend on the parameter R , which is the half-width of a nucleon

function with respect to the centre of the a cluster, and the parameter t>a

•determines the smearing of the function as i t falls off. The tvo-particle

correlation functions fCr^,) take into account the short-range dynamic
i J

correlations in the a particle formation, due to the strong repelling part
of the nucleon-nucleon potential .

The density of a nucleus vith UN nueleons can be expressed in the

form

(3)

vhere p (r - %) is the density distribution in the a-particle formation,
CL A.

and will be calculated using the wave function (l).

To calculate the charge form factor, we follow the same procedure

as Dzhibuti and KezerashvIH

A/

and finally get

) •

C5)

The normalization constant C is given by

^ J
-1

and

v)-'i
To carry out the integrals over dJl and dfl in

Fourier transform of the functions P0C
r ~ %J > Pnl

(7)

we introduced the

),...,i.e.

(II

ij?

and similar expressions for the other terms which appear in Eq.(U). Then

Eq.(lt) reduces, to

*=t

Co)

If we denote by result of the integral

- 3 -
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(9)

then

3 d (£/h) ,•

?'

The form factor has been corrected due to the finite size of the proton and

the centre-of-mass motion using the relation

Corrected G(q)

where

E(p) and B{A) are the r.m.s. radii of the proton and target nucleus

A . The value of E(p) is taken to be 0.8 and R(A) is taken as the

experimental root mean square radius.

Ill. RESULTS AHD DISCUSSION

C, 0 and Ne are considered to have the spatialThe nuclei

configuration of the a particles in the form of an equilateral triangle,

tetrahedron and regular triangular, respectively. The elastic electron

scattering form factors of C. 0 and Ne are calculated using Eq.(S).

b and H. are adjusted

for each nucleus to give the best overall fit with the experimental form

The parameters contained in this equation, E

for each nucleus to give th

factor, while the parameter R is fixed at the value of 0.T3 for all nuclei 5)

All lengths are in Fermi units.
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In Fig.l the theoretical curve for the case of C shows quite

reasonable agreement with the experimental data. The values of the parameters

In this case are

R = 1.85a = 0.5 1.7

These parameters give a r.m.s. radius = 2,k vhich agrees very well with the

experimental value. Fig.a represents a good fit between the theoretical

form factor and the experimental one for the case of 0 . The best set pf

parameters giving the best fit are found to be

Ra= 1.6 0.6 and R, 2.0

This set gives a r.m.s. radius 2,63 vhich agrees well vith the experimental

value. A comparison between the theoretical form factor of Ne and the

experimental one is shown in Fig.3. In the case of Ne we have one

parameter more, i.e. the distance HI from the centre of the nucleus to the

centre of the a-particle formation located at one of the vertices of the

bipyramid,and the distance R£ from the centre of the nucleus to the centre

of the a-particle formation located at the base of the "bipyramid. We have

considered two cases, one when R = R and another vhen R f R? . In the

firat case, we get the following set:

2.35

which gives r.m.s. radius = 2.9 fm.

In the second case we get
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which gives r.m.s. radius = 2.69. It is clear from Fig.3 that in the first

case the theoretical form factor coincides with the experimental data and

the r.m.s. radius is good. On the other hand, in the second case, the

agreement between the theory ana experiment 1B not so good. This may

indicate that the a particles prefer to stay at equal distance from the

centre of the nucleus.

It may be noted that introduction of the short-range correlations
12 1 &

reproduces the second peak in C and 0 fairly veil. Concerning the

theoretical calculations, it is of interest to have cross-section measurements

at high momentum transfer,
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The solid line represents the calculated form factor of C

and the circles represent the experimental data .
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The solid line represents the calculated form factor of

and the circles represent the experimental data
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Fig, a
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20The solid line represents the calculated form factor of We

. . The dashed-dotted line represents

The circles represent the

experimental data.

for the case when H. J* Ro

''2
the case when E =

0 0,5 1.5

Fig. 3


