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Introduction
9Be is a weakly bound stable nucleus. It

breaks into α+ α+ n with a breakup thresh-
old energy of only Eth=1.57 MeV. So, the re-
actions involving 9Be as a projectile (similar
to other weakly bound projectiles like 6,7Li
with Eth=1.48 and 2.45 MeV) are expected
to exhibit several unusual features compared
to the strongly bound projectiles [1, 2]. One of
the cluster constituents of the above nuclei or
the intermediate unstable ejectiles (e.g., 5Li,
5He, 8Be, etc.) formed after a transfer re-
action being an α particle, the inclusive al-
pha particle production is observed to be very
large. The present work reports on the results
of the measurements of exclusive two α parti-
cle production in reactions involving 9Be with
two different target nuclei, 112Sn and 209Bi.
These coincident α pairs can be produced by
two dominant processes: (i) direct breakup of
9Be into α+α+n or (ii) 1n stripping-transfer
followed by breakup, i.e., (9Be,8Be→ α + α)
reaction [3]. The motivation of this work is
to identify the processes by which the α pairs
are produced in the present systems at above
barrier energies.

Experimental details

Exclusive measurements have been carried
out for 9Be+112Sn,209Bi at energies around
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the Coulomb barrier (E/Vb ∼ 1.24 and 1.12),
using the 14-UD Pelletron-Linac facility in
Mumbai. A large array with five sets of Si
strip telescopes was used to detect the breakup
fragments in coincidence and placed side by
side to cover a total angular range of about
∼ 93◦. Two Si-surface barrier detectors (of
thickness ∼ 1000µm) kept at ± 20◦ were used
to monitor the incident flux by measuring the
Rutherford scattering. In addition, there were
five single telescopes of silicon surface barrier
detectors placed on the scattering chamber to
measure the elastic scattering angular distri-
bution covering additional angular range.

Data analysis and Results

The analysis of the events corresponding
to the direct breakup of 9Be into α + α + n
is difficult as no information on outgoing n
is recorded. So, the data were analyzed as-
suming all events are due to the second pro-
cess, i.e., (9Be,8Be→ α + α) and then see if
the results are consistent. Using the energies
and laboratory detection positions of two out-
going α fragments of each coincident event,
the values of ‘θ,ϕ’ of outgoing 8Be (for α + α
breakup), ‘Q Value’ and α-α relative energy
‘Erel’ were reconstructed [4]. The Q value ver-
sus relative energy distribution ‘Erel’ of two α
coincidence events thus obtained for two sys-
tems are shown in Fig. 1 and Fig. 2 respec-
tively. From these distributions, it is observed
that the events with highest Q values (hori-
zontal bands) for 9Be+112Sn and 9Be+209Bi
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FIG. 1: Two-dimensional plot of ‘Erel ver-
sus Q value’ showing the distribution of events
with projectile-like and target-like excitations for
9Be+112Sn reaction at Ebeam=36 MeV. Projec-
tion of uppermost band within red dashed box on
Erel axis is shown as an inset.

are respectively ∼ 6.08 and 2.94 MeV which
actually correspond to the ground state Q val-
ues of (9Be,8Be) reactions in respective sys-
tems. Different horizontal bands with lower Q
values correspond to events accompanied by
residual target excitations. Within the same
horizontal band, e.g., the band with highest Q
value, two clear group of events are observed
at Erel ∼ 0.1 MeV and ∼ 3.1 MeV correspond-
ing to 0+ and 2+ resonance states of 8Be, fol-
lowed by a broad distribution around 4+ (11.3
MeV) resonance (see insets of Fig. 1 and 2).
At lower Q values, these bands are not visible
as the excitation energies may not be sufficient
to excite 8Be leading to higher relative ener-
gies and the breakup proceeds only via the
g.s. of 8Be. When residual target is in ground

state (events with highest Q value), there is a
sharp peak corresponding to breakup of 8Be
via its 0+ state. However, at lower Q values
the peaks corresponding to the events around
0.1 MeV of relative energy are quite broad
which may be due to the mixup of the events
of direct breakup of 9Be→ α+α+n as in [3].
Therefore, from the present measurements, it
may be concluded that the outgoing two-α
particles are produced by both the processes.
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FIG. 2: Same as Fig. 1 but for 9Be+209Bi reaction
at Ebeam=47 MeV.
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