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Study of projectile breakup in the field of
a target nucleus is a topic of increasing in-
terest [1], particularly due to recent advent of
the availability of weakly bound exotic beams.
Very few measurements for direct and sequen-
tial breakup cross-sections in reactions involv-
ing weakly bound stable projectiles having
α+ x cluster structures like 6,7Li and 9Be are
available in the literature [2–4]. The cluster
structure of a light nucleus plays an impor-
tant role in predicting possible breakup chan-
nels. The 6Li(7Li) as a cluster of α and d(t)
with a binding energy of only 1.47 MeV (2.47
MeV) is very well known. For the 6Li case,
one can expect its breakup through all three
resonance states corresponding to L = 2, i.e.,
(3+, 2.18 MeV), (2+, 4.31 MeV), and (1+, 5.65
MeV) [5]. Similarly for 7Li, the breakup into
α + t can take place through all possible res-
onance states corresponding to L=3 [5] i.e.,
(7/2−,4.63 MeV) and (5/2−, 6.67 MeV). Di-
rect breakup of 6Li(7Li) into α+ d(α+ t) and
sequential breakup via the first two resonance
states (first resonance state of 7Li) of the clus-
ter have been measured for several systems.
But there is no measurement available on the
sequential breakup corresponding to the 1+

resonance state for 6Li and similarly for 5/2−

resonance state of 7Li. So, detecting these new
breakup channels and measuring their cross
sections is one of the prime motivations of the
present thesis work.

Apart from the well-known α + x cluster,
6Li, 7Li also exhibit some additional cluster
structures, such as 6Li exhibits 3He+t with
breakup threshold ∼ 16 MeV and 7Li shows
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6Li+n and 6He+p structures with breakup
threshold 7.25 and 9.97 MeV respectively. In-
vestigation of the breakup channel 7Li → 6He
+ p will shed light on the possibility of the
third cluster structure of 7Li.

Apart from α + d(t) breakup, the α par-
ticles can be produced by transfer triggered
breakup. For example, the transfer reactions
of (7Li,6Li), (7Li,5Li), (7Li,8Be), (7Li,6He),
and (7Li,5He) followed by breakup into α+ d,
α + p, α + α, α + 2n, and α + n, respec-
tively, can contribute individually to the in-
clusive α production. Several studies on heavy
and light targets pointed out different conclu-
sions regarding the dominance of particular
breakup mode over other [2–4]. Motivated by
the above mentioned objectives, the breakup
phenomena is further probed involving 6,7Li
as a projectile with a medium mass target
(112Sn) at above barrier energy to confirm the
target dependence if any. The breakup phe-
nomenon of 6Li by 112Sn have also been car-
ried out at two different energies to see the
energy dependence of these breakup probabil-
ities.

In this thesis, the results of experimental
investigation of the existence of (i) 6Li(7Li)
breakup into α +d(t) via its all possible
resonance states and (ii) direct breakup of
7Li into 6He + p were reported. In addi-
tion, the different transfer induced breakup
has also been investigated. Experimental
cross sections have also been compared with
the results of coupled-channel calculations via
fresco [6].

Based on the above mentioned motivations,
several measurements were carried out in-
volving weakly bound projectiles 6Li and 7Li
with 112Sn target using 14UD BARC -TIFR
Pelletron-Linac facility with an array of max-
imum five-strip telescopes [7, 8].
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Using the energies and laboratory detec-
tion positions of two breakup fragments of
each co-incident event, the values of ‘θ,φ’ of
outgoing projectile-like fragment (for α + x

breakup), ‘Q-Value’ and ‘α-x relative energy
‘Erel ’ were reconstructed and corresponding
efficiency of the detector array has been ob-
tained by a Monte-Carlo simulation. Vari-
ous breakup processes, breakup of 6Li (6Li∗

→ α + d) together with 1d-pickup followed
by breakup (6Li → 8Be → α + α) and 1n-
stripping followed by breakup (6Li → 5Li →
α + p) were disentangled by using the 3-
body kinematics method. Although 3+ and
2+ resonance states were identified earlier,
the observation of 1+ state was observed for
the first time [7]. Similarly, for 7Li, the di-
rect breakup into α+t and 6He+p, resonant
breakup into α+t via the resonance states
7/2− and 5/2− together with the 1p-pickup
followed by breakup (7Li → 8Be → α + α)
and 1n-stripping followed breakup (7Li → 6Li
→ α + d) were identified through relative en-
ergy reconstruction [8, 9]. The breakup of 7Li
into α+t via the second resonance state i.e.
via 5/2− state was identified for the first time.
The observation breakup into 6He+p was also
for the first time indicates the possibility of
additional cluster state of 7Li. The angular
distribution of each of the breakup channels
were estimated and compared with the cou-
pled channel calculations via fresco [6].

From the present work, it has been ob-
served that the breakup of 6Li into α + d

is much larger as compared to 6Li→5Li→
α + p breakup at above barrier energy and
they are comparable at around barrier en-
ergy. This conradicts to the observation made
by Luong et al. [4], where they claimed that
α + p breakup is dominant for all the tar-
gets (207,208Pb,209Bi) irrespective of the reac-
tion Q-Value. In addition to exclusive breakup
measurements, the inclusive breakup α cross
sections for 6Li+112Sn reaction have also been
measured at several energies (22, 24, 26, 28
and 30 MeV) around the Coulomb barrier.
The cross section for the inclusive α was found
to be a significant fraction of the total reaction

at all the energies, and at sub-barrier energies
it exhausts almost whole of the reaction cross
section. The different breakup channels re-
sponsible for high inclusive α were identified.
It has been observed that apart from the di-
rect and resonant breakup, the cross-sections
of different transfer breakup channels (e.g., 1p
stripping followed by breakup into α + n, 1n
stripping followed by breakup into α + p, 1d
pickup followed by breakup into α + α) have
significant contribution to the inclusive α pro-
duction. It is found that the total breakup α

along with the evaporated α explains about
24% to 27% of the total inclusive-α. This
implies that the rest of the contribution may
originate from d-capture reaction as observed
in [10].

The results on direct, resonant, and trans-
fer breakup of 6,7Li by 112Sn presented here
provide a good foundation toward the compre-
hensive understanding of the reaction mecha-
nisms of the projectile breakup as well as the
production of large inclusive α in a reaction
involving a weakly bound stable or unstable
light projectile.

References

[1] L. F. Canto et. al, Phys. Rep. 424, 1
(2006).

[2] A. Shrivastava et. al, Phys.Lett. B 633,
463 (2006).

[3] S. Santra et. al, Phys. Lett. B 677, 139
(2009).

[4] D. H. Luong et. al, Phys. Rev. C 88,
034609 (2013).

[5] A. Diaz-Torres et. al, Phys. Rev. C 68,
044607 (2003).

[6] I. J. Thompson, Comput. Phys. Rep. 7,
167 (1988).

[7] D. Chattopadhyay et. al, Phys. Rev. C 94,
061602 (R) (2016).

[8] D. Chattopadhyay et. al, Phys. Rev. C 97,
051601 (R) (2018).

[9] D. Chattopadhyay et. al, Phys. Rev. C 98,
014609 (2018).

[10]S. Santra et. al, Phys. Rev. C 85, 014612
(2012).

Proceedings of the DAE International Symp. on Nucl. Phys. 63 (2018) 1245

Available online at www.sympnp.org/proceedings


