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Analysis of Continuum Spectra for *Ni(p,d)*Ni Reaction at 65 MeV
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Bangladesh Open University, Gazipur-1705, Bangladesh

Abstract: The *Ni(p,d)*Ni reaction has been studied with an incident energy of 65 MeV polarized protons.
Continuum regions are treated here with an analysis method using the direct reaction model. The double
differential cross section-energy spectra are reproduced well using the DWBA-based cross sections and the
asymmetrical Lorentzian form strength response function having energy-dependent spreading widths. The
results of comparisons between the calculated and experimental spectra are described here.
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INTRODUCTION

In the single-neutron pickup reactions, the continuum
spectra which appear succeeding the discrete region have
not been studied so easily. Due to its structureless there
has not been a decisive onel'l. Varieties of theoretical
models have been proposed to study the continuum
spectra for one nucleon transfer reaction', which cannot
reproduce well the experimental datal™®,

From the above points of view, it 1s mdispensable to
develop a theoretical model which can reproduce well the
contimmm spectra in the diect reaction regions.
Therefore, an approach such as proposed by Lewis!™” is
suggested to be employed, in parallel with the prediction
models described by Crawley™ and Gales et al™, to
analyze such a continuum 1n a systemic way.

In agreement with Lewis, Matcba et al!"'! have
advanced an analysis using an asymmetrical Lorentzian
shaped strength function having energy-dependent
spreading widths and DWBA based cross sections, to
describe the reaction process ruling the low-lymg
spectrum. This method has been successfully applied for
the (p,d) reactions on *Ca and ******Ni at 65 MeV!",
Mo at 507 and "Moo at 21 and 50 MeV!'"! But in the
case of “Ni, no detail analysation has been shown for the
continuum spectra in the direct reaction region.

The present work 1s concerned with the (p,d) reaction
on “Ni using a polarized proten beam of 65 MeV. The
cross-sections are estimated here as an incoherent sum of
many shell-orbits constituents based on the Distorted-
wave Bom Approximation (DWBA). The calculated
results are compared with the experimental ones, as we
know that there are no available theoretical results in the
direct reaction regions so no comparison 18 possible here
with other theoretical results.

Experiment: The experiment was performed with a beam
of polarized protons of energy 65 MeV by the Kyushu
University group at the Research Center for Nuclear
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Physics (RCNP), Osaka Unwersity using the AVEF
cyclotton. The emitted deuterons were momentum-
analyzed in the focal plane of the spectrograph Raiden!'?
viewed with the focal plane detector system Kyushu!'”.
The angular distributions of cross sections and analyzing
powers were measured over the laboratory angles 5™-41°,
The target was self-supporting, isotopically enriched
{97.9% of *Ni) and of thickness 0.526 mg cm .

Theoretical calculations: In the present method, the
theoretical calculations of the double differential cross-
sections have been done by considering a direct reaction
model as an incoherent sum of the direct reaction

components, which are based on DWBA predictions and

(g o

where dg/do FJW(EP 18 the cross-section calculated by a
DWBA code Dwuck!"¥ and C*S, , the spectroscopic factor
expressed as

expressed as below
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where Y C*S; is the sum of the spectroscopic factors of all
the predicted states and the distribution of strength
function over the spectra is obtained by using an
asymmetric Lorentzian function"'*"
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where n,is the renormalization constant and E; the Fermi
energy. The Fermi energy can be calculated by using an
empirical formula given in””. The sums of spectroscopic
factors and the centroid energies (E,;) for J = 1£1/2 shell
orbits have been estimated by using BCS calculations. In
these calculations, single particle energies required to
calculate the centroid energy are calculated by the
prescription of Bohr and Mottelson™. Spreading width
(I) 1s expressed by a function proposed by Brown and
Rho" and by Mahaux and Sartor™, as,

&(E-E,)  &(E-E,)
(E-E,)+E. (E-E,) +E}
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where ¢, €, E, and E, are constants which express the
determined as, effects of nuclear damping in the
nucleus". The estimated parameters” are

g,=19.4 (MeV), E,=18.4 (MeV)
£,=1.40 (MeV), E, =1.60 (MeV)  (6)

The sum rule of the spectroscopic factors of nucleon
orbits for T+1/2 isospin states are estimated with a simple
shell model prescription™

2 c’s); = ©)

Here n, (1, j) and n, (1, j) are the numbers of neutrons
and protons, respectively for each 1, j orbit and T is the
1sospin of the target nucleus.

RESULTS AND DISCUSSION

The comparisons between the theoretical and
experimental double differential cross section and
analyzing power are shown in Fig. 1 and 2. The
experimental and theoretical results are given by the
histograms and solid lines, respectively for laboratory
angles of 5°-41°. The measured energy spectrum of double
differential cross section and analyzing power were
converted to 500 KeV wide energy spectra. Menet
potential®? has been used here for protons, while for
deuteron an adiabatic potential based on the Becchetti
proton and neutron potentials™! were constructed for the
DWUCK-4 calculation.

From the comparison between the calculated spectra
and experimental ones in Fig. 1 and 2, it is found that the
spectral shape is overall well reproduced at all angles, in
both direction and magnitude. It is a little overestimated
at very forward angle, eg., 5° whereas, a litttle
underestimated at very backward angle, e.g., 41° It is thus
possible that for the backward angles, there may be some
contributions from the pre-equilibrium reaction process.
As for the analyzing power, it is well reproduced for 5°
and 17° angles but considerably well reproduced for 29°
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Fig. 1: Double differential cross sections (left) and analyzing powers (right) obtained for the “*Mo(p,d)”’Mo reaction at
65 MeV. Histograms and solid lines represent the experimental and theoretical results, respectively
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Fig. 2: Same as Fig. 1 but for different angles

and 41° angles. The directions of the calculated spectra
are fitted well for the 29° and 41° angles but for the
magnitude these are little higher than the experimental
ones. It should be noted here that no renormalization is
required in this method for the theoretical cross-sections
calculation to make good matching with the absolute
values of the experimental cross-sections.

CONCLUSION

The continuum spectra of (p,d)-one-nucleon transfer
reaction have been studied here on the *Ni nucleus. The
bombarding energy for proton-induced reaction is
65 MeV. One-step direct pickup reaction model is used
here for analysing the continuum spectra. The theoretical
distribution of the strength function over the experimental
continuum spectra are reproduced well by adopting an
asymmetric Lorentzian form in the DWBA-based cross
sections having energy dependent spreading width.
Spectral shapes are well reproduced and the absolute
values of the cross sections are in good agreement with
experimental ones.
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