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Abstract

Angular distribution data for the elastic scattering of 1.37 GeV alpha particles from
several nuclei are analyzed in terms of the three parameter strong absorption model of
Frahn and Venter. The fits are quite satisfactory over practically the entire angular range
and the best fit parameters are obtained. These are used for the study of the inelastic
scattering of alpha particles leading to the collective states in nuclei. A reasonably good
fit is obtained without any adjustment of the parameters suggesting thereby the success of
the strong absorption model. Deformation parameters are extracted for the collective
states in nuclei.
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Introduction

Interaction between nucleons and nuclear particles with nucleus is a complicated many-
body problem and it is extremely difficult, if not impossible, to handle the interaction
process from theoretical considerations. Different approximations, i.e. different models
have proposed to describe the interaction. The most commonly used one is then optical
model for the elastic process and there from the Distorted wave Born approximation
(DWBA) and the coupled channel Born approximation (CCBA) to study various non-
elastic processes (inelastic scattering of the incident particles leading to collective states
in nuclei and different nuclear reactions).

The process of the many — body interactions is replaced in the optical model by an
average two — body potential. The model has been found to be quite successful in
describing the interaction of various incident particles over a wide range of energy with
various nuclei,. However, except under special circumstances, the model suffers from
ambiguities in the parameter values. An alternative approach is to represent the nuclear
interaction as a diffraction process. Here the target nucleus is considered, as if, to be a
‘black’ sphere or nearly so such that the incident “waves’ representing the incoming
particles, with angular moment less than certain critical or cut-off values are totally
absorbed and those larger than the critical value suffer no interaction at all. The critical
value of the angular momentum as above depends on the nature of the incident particle,
its energy, as well as the target nucleus, A number of diffraction models has been
proposed from time to time. We use here the one due to Frahn and his co-workers (Frahn
et al. 1963, Frahn 1972, Frahn 1976 and Frahn er al. 1978) which is a generalization of
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others and is termed also as the strong absorption model (SAM). The model is expected
to be useful for the interaction of alpha particles with nuclei. Various experimental data
are taken from (Alkhazov 1977 and Satchler 1974). The other part of the work is
concerned with the studies of inelastic scattering of alpha particles using the SAM
parameters obtained from the elastic scattering. It has been emphasized by Scatchler that
the real test of the parameters as obtained from the elastic scattering lies to the extent of
their ability to account for the non-elastic process.

Materials and Methods

The strong absorption model: The strong absorption model (Frahn e al. 1963, Frahn
1972, Frahn 1976 and Frahn et al. 1978) starts with a partial wave expansion for the
amplitude for elastic scattering of nucleons and nuclear particles from nuclei in terms of
the scattering function n; as given by

dg(4)

2

Where O} is the Coulomb phase shift for the / the partial wave and g(}) is a continuous
monotonic function of the angular momentum. There is no restriction on the choice of
except that it is a continuously differentiable function of the angular momentum A and
that its first derivative has a simple Fourier transform. A convenient form of g(&) is the
woods — Saxon form, namely,
gM=[1 + exp{(a — A)/4}] ~*........ @

The function g(A) is thus characterized by the cut — off (i.e. the critical ) angular
momentum A that corresponds to the grazing incidence of the incoming partial wave on
the nucleus surface, the rounding parameter A and the nuclear phase shift (more
accurately p/4 A).

Ny exp(2i07) = g0 + iy w (8)

A closed form expression for the elastic cross section is then arrived at (Frahn ez al. 1963
and Frahn 1976) in terms of three adjustable parameters, namely A, A and p. Parameters
A and A are related respectively to the interaction radius R and the surface diffuseness d
through the semi — classical expressions given by
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where n and k are respectively the Coulomb parameter and the wave number.
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It can be seen from relations (1) and (2) that the real part of 7] exp(-2i07]) changes from
small values at low / to unity at high / through a rapid transition around the critical value,
which the imaginary part is clearly surface peaked, being commensurate with the strong
! i ke

The formalism for elastic scattering as above can be readily extended to include inelastic
scattering leading to collective states in nuclei (Austern 1965, Potgieter 1966 and
Rahman 1992). The inelastic scattering amplitude of multipole L can be expressed in
terms of the first derivative of the scattering matrix 7] used to describe the elastic
Scattering process. Closed expressions are obtained for the differential cross section for
inelastic scattering. The parameters (namely T, A and {) are given from the elastic
scattering. The only free parameter is the deformation length §; (=ﬁLR), with f; as the
deformation parameter for the L th mode of excitation of the nucleus and this is obtained
from the normalization of the theoretical cross section to the experimental cross section.
Explicit expressions for the differential scattering cross sections for the inelastic
scattering cross sections are given by Potgieter 1966 and Rahman 1966.

Finally the total reaction cross section g R is calculated using the following expression,
as given by Frahn and Venter

xnl 2 2
- 21+ 2130 ()1 0 Q) o0

Analyses of data: The parameter A determines the frequency of the oscillation in the
angular distribution of elastic scattering. An increase in a shifts the positions of the
maxima and minima, hence the whole diffraction pattern laterally towards the smaller
angles. The parameter A controls the backward to the forward scattering through which
the average slope of the angular distribution is fixed. The higher angle regions are mainly
affected by a variation of A; an increase is A mainly lowers the maxima of the angular
distribution keeping the oscillatory pattern practically unaltered. A variation of p affects
the cross sections at the minima with an average slope decreasing; the effect on the cross
sections at the minima is the most significant. To start with an analysis of the angular
distribution data, the parameters A and p were given reasonable values and the parameter
A was varied to get as close as possible the positions of the maxima and minima in the
angular distribution. Having obtained a working value of a the other two parameters,
namely A and p, were adjusted. Finally, all three parameters were adjusted to arrive at the
value of the usual x2 minimum.

No adjustment of any of the parameters values was made for studying the angular
distributions of the inelastic scattering of alpha particles,
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Results and Discussion

Elastic Scattering: Results of the least squares SAM analyses of the angular distributions
for elastic scattering are summarized in table | and the fits are shown in Figs. I and 2.
Parameters of the model are uniquely given form these analyses and no combination of
the parameter values other than the ones summarized in Table 1 could be found that gave
another minimum is the * value. This unique can be understood from the fact that the
two most important parameters of the SAM, namely the cut-off angular momentum a
and the rounding parameters A are related respectively to the interaction radius R and the
Surface diffuseness d’ through the well-known expressions given by relations 3 and 4.
Uncertainties in the values of A and A are about 5% and of p are about 20%. The latter is
not a very sensitive parameter either; it affects the cross sections at the minima of angular
distributions, where the measured values are usually less accurate than at other angles.

The overall fits to the measured angular distributions for elastic scattering are reasonably
good and are of similar nature as achieved with the optical model. The latter is
characterized by six parameter (sometimes more), as against which the SAM as three,
Fits to the lower energy data on light nuclei for both SAM and the optical model are not
that satisfactory throughout the entire angular range (Dipika 2010).

The cut- off angular momentum A as expected, increases smoothly with the target mass
number as well as with an increase in energy of the incident particles. These certainly
speak of the reliability of the parameter. The rounding parameter A, with a few exception,
also shows a similar behavior as o. The value of the phase shift /44, however, shows no
systematic variation either with the target mass or with the incident energy.

We now look into the systematics of the interaction radius R, the surface diffuseness d
and the total reaction cross section oy _as obtained from the best- fit SAM parameters.
These are shown in Table 1, as given by relations (3-5).

Table 1. SAM parameters for the alpha particles.

SAM Parameters Derived quantities
Target E. 2

Nucleus (GeV) R d on
Adl s ‘wodute g 8 (fm)  (fm)  (mb)

" G 1.37 3800 6.8 0.1 0.004 20.1 3137 045 “4503
“ca 137 7402 100 16 0040 938 470 063 9127
Cs 137 7550 105 1.4 0034 100 487 067 990.7
#Ca 137 7800 108 14 0032 120 500 069 10453
“Ca 137 7950 104 12 0029 210 507 066 10563
*Ni 137 86.00 100 3.6 009 26.1 540 0.62 11538
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