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Introduction

Simultaneous description of all outgoing
channels by the same coupled-channels calcu-
lations using same set of potential and cou-
pling parameters is one of the most difficult
tasks in nuclear reaction studies. In the present
study, differential cross sections for elastic and
inelastic scattering and one-nucleon transfer re-
actions have been measured for 7Li+120Sn at
28 MeV beam energy, and a simultaneous de-
scription of these channels has been attempted
by means of explicit coupled reaction chan-
nels (CRC) calculations, with a consistent set
of potential parameters that are determined
from optical model analysis of elastic scattering
data. The probe-dependence of the structure
information corresponding to the different out-
going channels is deduced, which governs the
dynamics of the reactions.

Experimental details

The angular distributions were measured at
BARC-TIFR Pelletron facility, Mumbai. Six
telescopes (∆E − E) of Si-surface barrier de-
tectors, placed 10o apart, were used to detect
projectile-like fragments in the angular range
of 30o to 140o. Another Si-surface barrier de-
tector, fixed at 30o w.r.t. the beam was used
for flux normalization. Along with the elastic
peak, the yields of inelastic states correspond-
ing to first quadrupolar rotational state of 7Li
(0.478 MeV), 2+1 quadrupole and 3−1 octupole
vibrational states of 120Sn (1.171 MeV and 2.40
MeV, respectively) and mutual excitation of
7Li and 2+1 of 120Sn were detected. In addi-
tion, several states corresponding to 1-neutron
stripping (7Li,6Li) as well as 1-proton stripping
(7Li,6He), and subsequent excitation of the re-
spective residual nuclei, were identified.
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FIG. 1: Experimental cross section and CRC calcu-
lation for elastic channel (relative to Rutherford).

Analysis and Results

The optical potential obtained from elas-
tic scattering was of Woods-Saxon form whose
depth was adjusted to optimize the simultane-
ous fit to elastic, inelastic and transfer cross
sections for all observed states. The real vol-
ume part is given by V0 = 43.06 MeV, r0 =
1.243 fm and a0 = 0.695 fm. Since every sin-
gle peripheral reaction channel could not be in-
corporated into the calculations,the imaginary
part of the potential could not be restricted
to only the short-ranged surface region; hence
a volume imaginary form, obtained as W0 =
57.71 MeV, rw = 1.138 fm and aw = 0.678 fm,
was used to account for flux lost from elastic
channel into those non-elastic channels. The
corresponding elastic scattering angular distri-
bution from CRC calculations, using FRESCO
(version FRES2.9) is shown in Fig. 1.

For the inelastic scatterings, the upward re-
duced transition probabilities quoted in lit-
erature with various probes, in particular
for the octupole collectivity in 120Sn, could
not effectively reproduce the experimental
data, thereby indicating a qualitative probe-
dependence (static and dynamic effects) of the
collective nature of such octupole transitions.
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FIG. 2: Experimental cross sections and their
respective CRC calculations for (a) inelastic
scattering,(b)1-n transfer and (c),(d) 1-p transfer
processes in 7Li+120Sn system.

For the quadrupolar transition in 120Sn, the
transition probability is consistent with al-
ready available sources, while that for 7Li is
quite higher than quoted values. The opti-
mum values deduced from the present work,
by keeping the charge and matter deformations
identical, give reasonable representation of the
data: B(E2; 7Li(3/2− → 1/2−))=15.48 e2fm4,
B(E2; 120Sn(0+1 → 2+1 ))=0.207 e2b2 and B(E3;
120Sn (0+1 → 3−1 ))=0.0413 e2b3. The transition

TABLE I: Particle-core spectroscopic factors for
the 1-n and 1-p transfer states.

Nucleus Centroid Ex State C2S C2S
wrt g.s. (MeV) (nlj) [ref.] (present

(expt.)(MeV) work)
6Li g.s. 0.00 1p1/2 0.90[2] 1.061

121Sb g.s 0.037 1g7/2 - 2.4
121Sb 0.55 0.507 2d3/2 0.295[5] 0.46

0.573 3s1/2 0.379[5] 0.59
121Sb 1.41 1.407 2d5/2 0.183[5] 0.22

1.426 1h11/2 1.083[5] 1.31
121Sb 1.72 1.736 2d3/2 - 0.168

1.758 2d5/2 - 0.202
2.129 1h11/2 - 0.971

121Sb 2.37 2.362 1g7/2 - 0.624
2.407 1g9/2 - 0.656

121Sb 2.7 2.72 2d5/2 0.180[5] 0.450

probabilities offer a test for nuclear structure
effects involved in these scatterings, as they in-
volve the wave functions of the initial and final
states.

On the other hand, transfer angular dis-
tributions are peaked in the vicinity of the
grazing angle for the collision at this energy.
For 120Sn(7Li,6Li)121Sn, the transferred neu-
tron comes from the p1/2 orbit of 7Li, while

for 120Sn(7Li,6He)121Sb, the transferred pro-
ton comes from the p3/2 orbit of 7Li. The
structure of the residuals are essentially dom-
inated by these single-particle degrees of free-
dom coupled to vibrations of the Sn core, i.e;
by coupling the odd proton or odd neutron in
the spherical shell model orbitals 2d5/2, 1g7/2,
3s1/2, 2d3/2, and 1h11/2 to the low-lying exci-
tations of the Sn cores [1]. Comparisons be-
tween calculations and experimental data fixes
the quantum numbers of the final states of the
residual nuclei as well as the spectroscopic fac-
tors denoting the overlap between initial and fi-
nal states. While most of the spectroscopic fac-
tors are taken from literature [3–5], some have
been adjusted to reproduce the experimental
data, agreeing to within 20%-30% with the al-
ready measured values, and few have been ex-
tracted in the present work, which are given
in Table 1. For such an angular distribution
represented by more than one excited state of
the residual (which could not be distinguished
owing to limitation of detector resolution), the
state with the higher cross section is assigned a
higher spectroscopic factor. The angular distri-
butions for inelastic and transfer channels are
depicted in Fig. 2.

To summarize, simultaneous measurement
and description of elastic, four inelastic and ten
transfer channels has been made for 7Li+120Sn
system and spectroscopic factors for several
states corresponding to (7Li,6He) reaction have
been assigned exclusively in the present work.
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