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[-DEPENDENT RESONANCE ABSORPTION IN THE OPTICAL
MODEL DESCRIPTION OF ALPHA PARTICLE ELASTIC
SCATTERING
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Alpha particle scattering from 28Si has been studied at five bombarding energies from
23.5 to 28.5 MeV. /-dependent resonance absorption has been introduced to the optical
model analysis of 23Si («, o) 28Si reaction.

1. Introduction

The interaction of alpha particles with atomic nuclei is a useful tool for the inves-
tigation of the reaction mechanism and the structure of nucleus. Many experiments concern-
ing the elastic scattering of alpha particles on atomic nuclei show some phenomena which
are not fully understood [1-3]. Earlier investigations of the elastic alpha particle scattering
from *C [4, 5], 1°O [4, 6], *°Ne [8], **Mg {7, 8], 28Si [9, 10] and “°Ca [11-13] have
revealed a strong energy dependence of the backward cross-section. The confrontation of
theoretical predictions with the experiments shows that for these nuclei it is rather difficult
to obtain good optical model fits to the elastic differential cross-sections in the full range of
the scattering angles.

2. Experimental results

The experiment was carried out with the alpha particle beam of the 120 cm cyclotron
of the Institute of Nuclear Physics in Cracow. A general description of the experimental
arrangement was included in earlier papers [13, 14]. The differential cross-sections of
elastically scattered alpha particles were measured in the angular range from about 25°
to 177.5° at 2.5° intervals (in the lab system) and at 179° (Iab). The alpha particle bombard-
ing energy varied frons 23.5 to 28.5 MeV. Numerical results including relative errors of
individual measurements are available in Report No 740/PL INP Cracow [15]. The experi-
mental angular distributions for each energy are presented in Fig. 1.
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Fig. 1. Angular distributions of elastically scattered alpha particles from 28Si in the energy range from
23.5 to 28.5 MeV
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Fig. 2. Excitation functions for the elastic scattering of alpha particles from 288i, full circles — data taken
from Ref, [16], open circles — data taken from Ref. [15]
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It has been shown [15, 16] that the excitation functions for the elastic scattering of
alpha particles have a rich structure for extremally backward angles (6, = 179°). The
experimental results taken from [15] and [16] are presented together in Fig. 2. It is interest-
ing to note that the cross-section integrated over the region from 150° to 179° has also
a structure, while this does not occur if the integration is performed over angles from 30°
to 60° (Fig. 3).
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Fig. 3. Comparison of the energy dependence of the integrated cross-section in the angular regions from
30° to 60° and from 150° to 179°
3. Analysis

The standard optical model

In order to describe the angular distributions of alpha particle scattering on 28Si
a four parameter optical model analysis with the potential of the form

V@) = —(U+iW) [1+exp (r—;f)]- +Veuu(P) N

was performed [17].
It was shown {17] that among several parameter sets found only those with a real
depth near 50 MeV could be accepted. The geometrical parameters were fixed (r = 1.699 fm
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and @ = 0.505 fm) and the following linear functions gave the energy dependence of the
real and imaginary depth of the optical model potential [[7]:

U(E,) = 0.067E,—52.485 [MeV],
W(E,) = —0.351E,+0.058 [MeV], 2)

where E, is the laboratory energy (in MeV) of the incoming alpha particles.

With the parameters averaged above the description of the angular distributions was
good enough up to 60° (in CM system) for each of the energies analysed. In this angular
region the influence of resonance effects was expected to be less pronounced. For the back-
ward angles (0 = 90° CM) the theoretical diiferential cross-section lies below the experi-
mental points. This is to be seen in Fig. 2, where the full line indicates the optical model
calculations.

Optical model with the /dependent resonant absorption

The difficulties of the description of the angular distributions for the elastic alpha par-
ticle scattering on 28Si with the standard optical model are probably connected with the
significant contribution of resonance processes to the elastic scattering. This is confirmed
by the existing rich structure of thé excitation function (see Fig. 2).

An attempt was made.to fit the elastic angular distributions by modifying the #, coef-
ficient for one partial wave only while the », coefficients for other partial waves were
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Fig. 4. The ratio of the observed to the Rutherford cross-section for the elastic scattering of 26 MeV alpha

particles on ?8Si. The optical model fit is indicated by the dotted line. The solid line indicates optical model
fit with the modified #);= ¢ coefficient

obtained with the optical model parameters described in the previous section. The improve-
ment of the fits obtained was significant for every incident alpha particle energy. As an
example, the result of this procedure for 26 MeV alpha particles which corresponds to
the modification of the #,, coefficient is shown in Fig. 4.

These facts may indicate the presence of resonance phenomena which seem to be
closely connected with the alpha particle orbital angular momentum.

In order to take into account explicitly the resonant part of the alpha particle scattering
in the optical model potential we modified the imaginary part W of this potential. It ap-
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peared that a good description of the resonance dependence of the optical model potential
can be given by the following expression with the /-dependent absorption part:

W, ) = = Uflr)—iWfr)G(), ©)

) = [1 +exp (L-—R)]—
a
_ 2
G(l) = 1— A4, exp [- (-I-A;c) ] . (3a)

The /. and 4/ in Eq. (3a) are the resonant angular momentum parameter and the diffuse-
ness of the orbital angular momentum, respectively, The parameter A, characterises the
modification of the absorptive part of the potential (0 << 4, < 1).

The calculations were performed with the optical model code MAGALI [18] in which
modifications according to formulas [3] and (3a) were introduced [19].

The 28Si (a, a) elastic scattering data for the energies E, = 24, 25, 26, 26.5 and 27 MeV
were analysed as follows. Starting from the average optical model parameters U, W (Eq. (2))
and fixed r, and a, we decreased only the imaginary depth W of the optical potential (3)
for some orbital angular momentum /.. The quality of fits was determined by the usual 32
criterion:

where

and

N

b2 l Texp(0) — 01(0)) 2 N
a NZ( 460(0) ) - @

i=1

where N is the number of data points, o.,,(6;) and ¢,,(6;) are the measured and calculated
differential cross-sections, respectively, and 4o, (0;) are the errors of the experimental
cross-sections. During the calculations the diffuseness of the orbital angular momentum
parameter A/ was fixed as 4/ = 0.3.

TABLE I
Calculated parameters of the /-dependent absorption part of the optical model potential
E [MeV] A Ay I A2 A
24.0 9 0.05 10 0.10 0.3
25.0 9 0.10 10 0.10 0.3
26.0 10 0.25 — — 0.3
26.5 10 0.35 — — 0.3
27.0 10 0.30 11 0.30 0.3
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The quantities /. and A; wefe treated as free parameters and were adjusted simul-
taneously with the optical model parameters. It was found that for all the energies the
best agreement was obtained by modifying the imaginary depth W for one or perhaps
two partial waves only. The results are listed in Table T and the angular distributions with
the /-dependent resonant term in the optical potential are presented in Fig. 5.
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Fig. 5. The measured and calculated angular distributions of elastically scattered alpha particles from
285, Dotted curve obtained with the averaged standard optical potential, solid curve with the /-dependent
optical potential

4. Discussion and conclusions

I-dependent absorption has recently been included in the analysis of heavy ion and
o particle scattering data [20-22]. The potential with the /-dependent imaginary part
given by:

W)= W [1 +exp (r—TR)]_ F() )
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has been used, where W(r) is modified by a smooth angular momentum factor of the

The factor (6) reduces the imaginary strength as / increases, which can be expected from
the conservation of energy and momentum in the exit channels.

Consequently, the absorption for high partial waves is less than that for lower ones,
so that the particles are scattered back into the elastic channel.

This modification (6) does not include the 1esonances observed in the elastic channel.
By the introduction of /-dependent resonance absorption (3a) it is possible to introduce
the resonance phenomencn into the optical model. This gives a significant improvement
of the fits and provides a simple way of estimating the resonant angular momentum /,
and energy E..

The authors are indebted to Prof. A. Strzatkowski for many useful discussions and
for reading the manuscript. Their thanks are also due to Mr M. Siemaszko for his help in
the preparation of the work.

REFERENCES

[1] A. Budzanowski, K. Grotowski, A. Strzatkowski, P. E. Hodgson, Acta Phys. Pol. 138, 631
(1970).
[2] N. G. Schmeing, Nucl. Phys. A142, 449 (1969).
{3] A. S. Rinat, Phys. Lett. 38B, 281 (1972).
[4] J. C. Jodogne, P. G. Macq, J. Steyaert, Phys. Lert. 2, 325 (1962).
{5] E. B. Carter, M. Mitchel, R. Davis, Phys. Rev. 133B, 1421 (1964).
6] A. A. Cowley, G. Heymann, Nucl. Phys. A146, 465 (1970).
[71 J. W. Frickey, K. A. Eberhard, R. Davis, Phys. Rev. 64, 434 (1971).
[8] H. J. Kim, Phys. Lett. 19, 296 (1965).
[91 W. W. Eidson, Phys. Rev. Letr. 9, 497 (1962).
[i0] F. W. Bingham, Phys. Rev. 145, 901 (1960).
[11] G. G. Gaul, H. Lidecke, R. Santo, M. Schmeing, R. Stock, Nuc/. Phys. A137, 177 (1969).
[12] C. P. Robson, J. P. Aldridge, J. John, R. Davis, Phys. Rev. 171, 1241 (1968).
[13] L. Jarczyk, Report INP No. 577/PL (1967).
[14] K. Chyla, Ph. D. Thesis, Cracow 1972.
[15] A.Budzanowski, K.Chyla, K. Grotowski, L.Jarczyk, A. Kapuscik, S. Micek, J. Ploskonka,
A. Strzatkowski, J. Szmider, Z. Wrébel, R. Zybert, Report INP No 740/PL (1972).
[16] R. Czabanski, A. Kapuscik, S. Micek, J. Ploskonka, J. Szmider, Z. Wrobel, L. Zastaw-
niak, R. Zybert, Report INP No 805/PL (1972).
[17] L. Jarczyk, B. Maciuk, M. Siemaszko, W. Zipper, Acta Phys, Pol. B7 41 (1976).
[18] J. Raynal, MAGALI, Service de Physique Théorique, CEN-Saclay, France 1969.
[19] B. Maciuk, Silesian University Katowice, unpublished, 1970.
[20] R. A. Chatvin, J. S. Eck, D. Robson, A. Richter, Phys. Rev. C1, 795 (1970).
[21] A. E. Bisson, K. A. Eberhard, R. H. Davis, Phys. Rev. Cl1, 539 (1970).
[22] K. A. Eberhard, Phys. Lett. 33B, 343 (1970).



