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Abstract

The experimental data for the angular distribution of 25 - 1044 MeV protons elastically scattered from “°Ca have been analyzed in terms of
the three parameters formalism of Strong Absorption Model (SAM) of Frahn and Venter. The best fit parameters T, A, and p are obtained.
The inelastic scattering of protons from “°Ca leading to the 2" and 3 states are studied to check the validity of the derived elastic
scattering parameters. The quadruple and octupole deformation parameters 8, and B; are extracted from the analyses. The deformation

parameters are in good agreement with other works.
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1. Introduction

Proton-nucleus scattering has been the subject of a number
of studies mostly using the optical model. The strong
absorption model (SAM) was introduced by Frahn and
Venter [1, 2] as an alternate to the optical model, where the
projectiles are strongly absorbed by the target nucleus. In
these cases the elastic scattering is describable without any
knowledge of the absorption mechanism. The nuclear
projectiles n, p, **He and heavy ion are strongly absorbed
by the target nucleus. The diffraction model or the so-called
strong absorption model starts with the direct
parameterization of the scattering function n, [3, 4]
avoiding the usual potential concept. Different non-elastic
processes are accounted for by making n, complex. The
SAM s particularly suitable to a situation dominated by
strong absorption of incident particles at the nuclear
surface.

In the present work we study the elastic scattering of
protons from “°Ca at 25 — 1044 MeV energies. Angular
distribution data for the inelastic scattering of protons
leading to 2" and 3 states were then studied using the best
fit SAM elastic scattering parameters and the corresponding
deformation parameters are extracted.

2. Materials and Method

The strong absorption model (SAM) is used for the

theoretical calculation of the differential cross section. The

model starts with an explicit functional form for the

scattering function 7, as given by

ne exp(2ia€)=g(€)+iudg—® (1)
d/

Where, o, is the coulomb phase shift for the £-th partial

wave and g (/) is a continuous monotonic function of the

angular momentum. We consider the Woods - Saxon form

of g (£ ), namely
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Here, T is the critical or cut-off angular momentum that is
just grazing the nuclear surface and A is the rounding

parameter. The parameter i more accurately % A is a

measure of real nuclear phase shift. A closed form
expression for the elastic cross- section is then arrived at
refs. [5, 6] in terms of three adjustable parameters, namely
T, A and W.The parameters T and A are related respectively
to the interaction radius R and the surface diffuseness d
through the relations

2n 1/2
T= kR[l——} 3)
kR

2n 1/2
and A=kd {1—1} {1——} (4)
kR kR

Where, n and k are respectively the Coulomb parameter and
wave number.

The formalism developed for elastic scattering can be
readily extended, under the condition for strong absorption,
to describe inelastic scattering to collective states in nuclei.
The inelastic scattering amplitude can be expressed in terms
of the first derivative of scattering matrix 7, used to
describe the elastic scattering process.

It is clear from relations (1) and (2) that the real part of the
scattering function n, varies smoothly with ! from small

values at low ¢’s to unity at high ¢’s with a rapid
transition around the critical values, while the imaginary
part of 1, is clearly surface peaked. A partial wave
expression is made for the amplitude for elastic scattering
and a closed form expression is obtained for the cross —
section under suitable approximations.

3. Results and Discussion
3.1 Elastic Scattering
Results of the present analysis of elastic scattering are
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presented in Table 1 and the experimental data along with
the theoretical calculated angular distributions are shown in
Figs. 1-2. The data are taken from refs. [7-17]. A
reasonably good description of the elastic scattering is
possible in terms of the simple model. The observed
oscillations in higher mass nuclei are also nicely matched
over the entire angular range. The fit is generally poor at
lower projectile energies. The quality of fit improves as we
go higher up in energy. This is understandable, since the
SAM conditions are strictly not satisfied in such light
nucleus, more so at lower energies. The cut-off angular
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momentum T increases smoothly with an increase in beam
energy, as expected. It is observed that rounding parameter
A lies between 0.50- 5.10. The rounding parameter A
increases with the increase in projectile energy. The
parameter A controls the overall slope of the angular
distribution and gives the periods of the diffraction of
oscillation. The value of T and A are presented in Table 1.
The value of nuclear phase shift p or more accurately

%Alies in the domain 0.07 < pw/A4A < 0.40 shown in
Table 1.
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Fig. 1 SAM analysis of elastic scattering of protons
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Table 1: SAM parameters and derived parameters for elastic scattering of protons

Serial Target Beam SAM parameters Derived parameters
No. nucleus  energy T A U WaA R d 0, > ry 9k oy
(MeV) () (m)  (de)) gy (m) TR

1 “Ca 25 584 050 080 040 610 058 1230 762.20 138 6.52 1
2 Oca 40 696 061 085 034 554 061 8.18 856.08 1.25 888  1.36
3 Oca 65 784 080 123 038 479 056 5.70 755.75 1.08 1048  1.60
4 “Ca 156 11.00 160 110 017 422 0.60 2.63 716.10 096 12.80 1.96
5 “Ca 181 1210 172 090 013 430 0.0 2.21 746.69 097 1286 1.97
6 OCa 200 1280 210 092 010 430 0.60 1.99 795.00 097 1368 2.10
7 Oca 300 1510 275 1.05 009 413 064 1.38 768.20 094 1432 220
8 “ca 400 1760 300 103 008 410 0.60 1.03 764.20 093 1447 222
9 “Ca 500 2020 315 093 007 389 064 0.71 753.90 088 1585 243
10 OCa 613 2050 310 098 008 370 059 0.56 749.51 0.88 1742 267
11 OCa 800 2820 415 120 007 460 059 0.42 934.11 1.06 1405 2.5
12 “Oca 1044 3320 510 225 011 589 064 0.34 950.90 1.09 872 134

Here, n.v" refers to the normalized value of %

The best fit SAM parameters are then used to determine the interaction radius R, the surface diffuseness d and the reaction
cross-section g, These are also shown in Table 1. It is evident from our studies that the value of R decreases as the beam
energy increases for the same target nuclei shown in Fig. 3. The interaction radius R is sensibly constant as evidenced by the

least squares fit given by

R =5.03 — 0.0019E (fm)
We see from the present study that the surface diffuseness d is approximately the same for different nuclei at all the energies

shown in Fig. 4.

The energy dependence of reaction cross-section oy is shown in Fig.5. The least square fit given by
og = 738.69 + 0.150E (mb)

3.2 Inelastic scattering

The best fit parameters T, & and gt have been used to study

the inelastic scattering of protons. The angular distribution
data for the inelastic scattering of protons leading to a few
collective states such as 2" and 3™ in “*Ca have been analyzed
in terms of the SAM formalism given by Potgieter and Frahn
[16]. Fits to the inelastic angular distributions are shown in

Figs. 6-7. The overall trend of the angular distributions is
reproduced by the theory. Results of the inelastic scattering
analyses are presented in Table 2. Also included the various

obtained data in the previous studies. The £, and 3, values

from the various measurements are summarized respectively
by Raman et al. [14] and Spear [15]. The present values are in
good agreement with the previous values. It has been pointed
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out by Satchler [18] that the real test of the parameters
obtained from the elastic scattering lies in their ability in
reproducing the non-elastic data.
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Fig. 6 SAM fit to the inelastic scattering of proton leading
to the 3" state

Table 2: Deformation parameters from inelastic scattering
of protons leading to 2" and 3" states in nuclei

Nucleus Ep Ex I Deformation parameters /3,
(MeV) (MeV) a b C
“Ca 500 3.904 2" 0.447  0.49-
0.50
“Ca 155 3.737 3 0.36 0.33-0.36
“Ca 1044 3.737 3 0.34 0.33 -0.36

a. Present work (SAM analyses), b. Previous work [14]
¢. Previous work [15]
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The S, and [, values from the various measurements are

summarized respectively by Raman et al. [14] and Spear
[15]. The present values are in good agreement with the
previous values. It has been pointed out by Satchler [18] that
the real test of the parameters obtained from the elastic
scattering lies in their ability in reproducing the non-elastic
data.

4, Conclusion

The three parameters (T, A, and p) SAM formalism of
Frahn and Venter [1, 2] can reasonably well account for the
elastic scattering of protons. The angular distributions of
the elastic scattering of protons from “°Ca at 25 - 1044 MeV
energies have been analyzed with SAM formalism and the
best fit parameters T, A, and u have been obtained. The
quality of agreement between experiment and theory is
much better for both the elastic and inelastic scattering
using SAM formalism of Frahn and Venter. It is observed
that the fittings of theoretical angular distribution are poor
at low beam energies and smaller angels while at large
energies the fittings become fairly improved. The values

ﬂi;g lie in the limit 0.4 ~ 1.0 and can be considered to be

roughly the same, justifying the validity of the SAM
parameters obtained from elastic scattering analyses.
Another validation comes from the reasonable reproduction
of the inelastic angular distribution and from quadrupole

(,) and octupole ( ;) parameters values. The SAM is

thus a successful model; the parameters are all unique and
physically meaningful. The beauty of the model lies in its
simplicity.
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