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Introduction
Nuclear structure plays an important role in
heavy-ion fusion reactions at around Coulomb barrier
energies by enhancing the fusion cross-section .When
coupling of internal degrees of freedom take place
with the relative motion of the reaction participants, a
distribution of fusion barrier is observed instead of a
single barrier [1]. Effects of channel coupling can be
better visualised when the double derivative of the
product of energy and fusion cross-section represents
the fusion barrier distribution. Proper knowledge of
quadrupole deformation parameter (β2) and
hexadecapole deformation parameter (β4) can well
account for the collective excitations due to rotation.
Accurate values of β2 have been obtained using
electromagnetic probes [2], but experimental
determination of β4 is difficult with the results having
large uncertainty and model-dependency. Various
techniques like coulomb excitation, inelastic proton
scattering have been used to obtain the value of β4. In
recent time, attempts have been made to obtain β4
value using fusion. In the present experiment, we
have obtained the value of β4 for 160Gd using quasielastic (QEL) scattering at backward angles which is
a process complementary to fusion.

telescopes consisting of SSBDs were placed at angles
of ±170o (T2,T3) and ±150o (T1,T4) with respect to
the beam direction at distances of 16.1 cm and 13.5
cm from the target position respectively. The
thicknesses of the detectors were as follows: ΔE1,
ΔE4=25 μm, ΔE2,ΔE3=20μm, E1,E3=2 mm, E2,
E4=1 mm..

Analysis of experimental data
The quasi-elastic yields in the ΔE-E detectors
at same angles on either side of the beam direction
are summed up. The ratio (dσqel/dΩ) at ±170o and
±150o was obtained by dividing the yields in the the
corresponding telescope detectors by the sum of the
yields in the two monitor detectors. The ratios
(dσqel/dσR) at ±170o and ±150o were obtained by
taking ratio of (dσqel/dΩ) to Rutherford cross-section
at corresponding angles. As the detector can't be
placed at =180o in order to obtain the barrier
distribution for l=0, a centrifugal correction has been
carried out for the center-of-mass energy (Ecm).
Barrier distribution Dqel(E) at effective energy (Eeff)
was obtained as follows:
𝐷𝑞𝑒𝑙 𝐸 = −

𝑑𝜎𝑞𝑒𝑙
𝑑
(
)
𝑑𝐸𝑒𝑓𝑓 𝑑𝜎𝑅

Experimental set-up
The experiment was performed at TIFRBARC pelletron facility, Mumbai with 16O beam
having laboratory energy (Elab) ranging from 57 to 79
MeV in steps of 2 MeV. An isotopically enriched
(98.2%) 50 μg/cm2 thick target of 160Gd having a
carbon backing of thickness 20 μg/cm2 was used for
the experiment. Two Silicon Surface Barrier
Detectors (SSBDs) were placed at ±100 with respect
to the beam direction to monitor the beam. In order to
detect the projectile-like fragments, four ΔE-E

Fig.1. shows the ratio of quasi-elastic to the
Rutherford cross-section at different energies. The
barrier distribution thereby extracted is shown in
Fig.2. The magenta dots and the blue dots in the
following figures show values obtained from the
detectors placed at ±170o and ±150o, respectively. It
is observed from Figs. 1 and 2 that the quasi-elastic
excitation function and the extracted Dqel(E) for the
ΔE-E detectors placed at two different backward
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angles are quite consistent with each other.

Fig.1. Comparison of experimental quasi-elastic scattering
excitation function with the prediction of CCQEL.

technique was used to obtain the best fit value of β4.
The variation of χ2 per degree of freedom(n) with β 4
is parabolic in nature as shown in the inset in Fig.2,
having a minimum value for β4=0.013. Table 1 gives
a comparison of the value of β4 for 160Gd obtained in
the present experiment with literature values obtained
from different experimental techniques
and
theoretical predictions. The minimum value of χ2/n
being less than 1, the error was obtained to be ±0.07
by taking the limiting value (χ2)lim=( χ2)min+1 [4].
Measurement techniques/
Theoretical predictions

Value of β4 for
160
Gd

Present work

0.013±0.007

Finite-range droplet
macroscopic model [5]

0.065

Inelastic proton scattering [6]

0.0471(25)

Coulomb excitation [7]

0.032±0.024

LISA quantal calculations [8]

0.016±0.022

Table 1. Comparison of β4 value for 160Gd obtained in the
present experiment with literature values obtained from
different experimental techniques and theoretical predictions.
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