Extraction of Optical-Model Parameters from « elastic
scattering of highly-deformed '>Yb

K. Khokhar!,* S. Bagchi',! M.N. Harakeh?, and the E497 collaboration
! Department of Physics, Indian Institute of Technology(Indian School of Mines) Dhanbad, India and
2 Nuclear Energy Group, ESRIG, University of Groningen, 9747 AA Groningen, the Netherlands

Introduction

Giant resonances are the collective vibrational
modes in nuclei. Among these collective
modes, Isoscalar Giant Monopole Resonance
(ISGMR) and Isoscalar Giant Dipole Reso-
nance (ISGDR) are called compression modes,
and they are of crucial importance because
their excitation energies are directly related
to the incompressibility of a finite nucleus [1].
Isoscalar giant resonances have been studied
well for spherical nuclei, but a very few exper-
imental data are available for deformed nu-
clei. In spherical nuclei, ISGMR strength dis-
tribution does not split due to the symme-
try effect. However, in deformed nuclei, IS-
GMR strength distribution splits due to the
coupling of ISGMR with the K = 0 compo-
nent of the Isoscalar Giant Quadrupole Res-
onance (ISGQR), where K is the projection
onto the symmetry axis. The splitting in
ISGMR strength distribution has only been
studied in 2*Mg [2], 28Si [3] and in Sm iso-
topes [4, 5]. The splitting of the Isovector Gi-
ant Dipole Resonance (IVGDR) in deformed
nuclei is well known for a very long time [6].

We have chosen '"?Yb due to its large defor-
mation [7]. To extract the strength distribu-
tions of different modes of giant resonances,
coupled-channel analysis under the Distorted-
Wave Born Approximation (DWBA) frame-
work will be performed. The parameters of
the optical potential are obtained from the fit-
ting of the elastic-scattering "2Yb(a, @)1"Yb
data.
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Experimental Method

The experiment was performed at the Re-
search Center for Nuclear Physics (RCNP),
Osaka University, Japan, using the high-
resolution Grand Raiden (GR) spectrome-
ter [8]. The a-particle beam with E, =
386 MeV bombarded on a thin self-supporting
172Yb target with a thickness of 2.95 + 0.08
mg/cm?.

The instrumental background was subtracted
by utilising the double-focusing mode of
the spectrometer. Inelastically scattered a-
particles were momentum analyzed in the
GR spectrometer and focused onto the focal-
plane detector system comprising of two
position-sensitive Multi-Wire Drift Chambers
(MWDCs) and two plastic scintillators. To
obtain the optical-model parameters, the elas-
tic scattering data are taken in the angular
range from 3.5° to 17.6°.

Results

The Optical-Model Parameters (OMPs) are
extracted by fitting the elastic scattering data
as shown in Fig 1. The angular distribution of
the elastic scattering has been obtained after
the particle identification, instrumental back-
ground subtraction, and ion-optical correction
in the offline analysis [9].

We have used a complex potential in the form
of V' + iV where the real (V) and the imagi-
nary (W) terms are of the Woods-Saxon type
and is given for the real potential by:

B \%
1+ exp(%)

Vi(r) (1)

The angular distributions were obtained from
a coupled-channel code, and the x? min-
imization was performed using brute-force



Vr Rr | ar Vi Rr ar | Re
(MeV) (fm) | (MeV) (fm) | (fm)
59.91 |7.057|1.080| 29.04 |7.413(0.601|6.95

TABLE I. OMPs obtained from the fitting of
the elastic scattering data after x* minimization.
Here Vg, Rgr, ar are the depth, radius, diffuse-
ness of the real potential having the form given
in Eqn 1. Vi, Ry, ar are the corresponding terms
for the imaginary part of the potential. R¢ is the
Coulomb radius.

and basin-hopping methods developed in the
Python framework [10, 11]. The OMPs are
listed in Table I. Since the energy resolution
was around 230 keV during the time when we
took the elastic scattering data, it is impos-
sible to resolve the first 2% excited state of
172Yh at 78 keV. Therefore, while obtaining
the OMPs, the sum of the angular distribution
of the elastic scattering and the 2% excited
state should be taken for fitting the experi-
mental data. In addition, the coupling of the
ground state with the first 27 excited state
should be taken care of, resulting in better
agreement with the data. The above consid-
eration is not shown in Fig 1 and the detailed
process will be described elsewhere [9]. The
OMPs will be used to calculate the angular
distributions of different modes of isoscalar gi-
ant resonances.
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FIG. 1: (Colour Online) Fitting of '"?Yb(«,

a)'™YD elastic scattering data. The error bars
are within the data points.
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