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Introduction

Investigation of the 3-body decay mecha-
nism of 9Be nucleus is important not only
from its fundamental aspect on cluster struc-
ture, but also as a promising tool in bridg-
ing the unstable mass gap at A=8 and pro-
ducing carbon during nucleosynthesis [1, 2].
The ground state of 9Be is bound by a bind-
ing energy of 1.57 MeV from α-α-n fragmen-
tation. The nucleus 9Be can be populated
via direct and/or two step sequential mecha-
nisms, e.g., (α+α)8Beg.s.+n, (α+α)8Be2++n
and (α+n)5He+α modes. Hence, it is very
important to estimate the decay width of all
possible decay channels of 9Be for accurate es-
timation of the net rate of the burning of he-
lium to carbon. In the present work we have

aimed to resolve low lying 1
2

±
and 5

2

±
states,

which are unbound and strongly overlapping
due to their large widths.

Experimental Details

To investigate the decay mechanisms of var-
ious low lying unbound states, an experi-
ment of α-α-n triple coincidence was carried
out for the 9Be+198Pt system at the BARC-
TIFR Pelletron-LINAC facility, Mumbai. The
measurements were performed at beam en-
ergy of 45 MeV. An enriched (∼95.7%) self-
supporting ∼ 1.3 mg/cm2 thick 198Pt foil was
used as target. Details of the experimental
setup is available in Ref. [3]. Five segmented
large area Si-telescopes of active area 5 x 5
cm2 were used for the measurement of the en-
ergy and scattering angle of the outgoing α-

∗Electronic address: sanat@barc.gov.in

particles. The telescopes were mounted at an-
gles 40◦, 70◦, 115◦, 145◦ and -55◦ in a compact
scattering chamber of diameter 32 cm. All
the five E-detectors were double sided with
16 strips allowing a maximum of 256 pixels.
In view of better position information, which
is very critical for momentum reconstruction,
and large solid angle coverage with wide angu-
lar range, 15 liquid scintillator detectors (EJ-
301) of 12.5 cm dia and 5 cm thick cylindrical
shape coupled with photomultiplier tube were
used to measure neutrons over an angular cov-
erage of 30◦-145◦. Distance of the centre of
the neutron detectors from the target is 72.5
cm [4]. One Si surface barrier detector of a
thickness ∼ 300 µm was mounted at 20◦ in
plane to monitor Rutherford scattering for ab-
solute normalization purposes. The data were
collected in event by event mode for two or
higher fold coincidence in 120 ns time window
from any strips out of all the E-detectors. The
radio frequency signal from the pulsing system
of the accelerator was logically ANDed with
two fold coincidence of charged particles and
used as reference to measure time of flight of
the neutrons. The time calibration were car-
ried out using precision time calibrator. The
Si-detectors were calibrated using the known
energies of α-particles from 239Pu-241Am and
229Th sources.

Analysis and result
The energy loss information from ∆E and E

detectors were used to identify the α-particles.
Neutrons were discriminated from γ-rays us-
ing both pulse shape discrimination (PSD)
and time of flight (TOF). A two-dimensional
gate in the plot of TOF versus PSD was ap-
plied to obtain the neutron spectrum. Neu-
tron energies were obtained by measuring the
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FIG. 1: Decomposed low lying 1
2

±
and 5

2

±
states

using measured α-α-n triple coincidence and an-
gular correlation technique (see text). In the inset
reconstructed 9Be excitation energy spectra from
α-α-n triple coincidence is shown.

TOF of neutrons with respect to the pulsed
beam. The measured energies (E1

α, E2
α, En)

and scattering angles (θ1α, φ1α; θ2α, φ2α; θn, φn)
were used to reconstruct the energy (E9Be)
and angle (θ9Be) of the scattered 9Be prior
to breakup. The energy (E∗) of the ex-
cited states of 9Be were extracted using the
energy conservation E∗=E1

α+ E2
α+En+EthBU-

E9Be, where, Eth
BU=1.57 MeV is the breakup

threshold. The reconstructed 9Be excitation
energies are shown in the inset of Fig. 1. The

excited states at 1.78 ( 1
2

+
) and 2.43 ( 5

2

−
) are

observed in that excitation energy spectra.
The good strength of the Coulomb excitation
leads to a strong E1 transition, hence, a strong

population of 1
2

+
(1.78 MeV) state is observed

unlike the observation of Ref.[5]. Although a

clear identification of 1
2

+
and 5

2

−
states are

achieved, other states are not resolved.
To resolve different states, the Dalitz-plot

method was utilised. Different zones corre-
sponding to different states and possible deay
channels are identified in the simulated Dalitz
plot. The simulation has been carried out us-
ing a four body Monte-Carlo kinematics. The

exccitation enery spectra from the various re-
gion of the Dalitz plot are shown in the Fig. 1.
Spectrum corresponding to the Region-I is

the part of E∗=2.43 MeV ( 5
2

−
) state exclu-

sively decay via 8Beg.s.+n mode. This fact
is also verified from the measured relative en-
ergy spectra Eααrel found to be peak at 92 keV.
However, Region-II is the part of decay from
E∗ = 1.78 MeV and 3.05 MeV via 8Beg.s.+n
mode only. Region-III is part of decay from
E∗ = 1.78 MeV and 2.43 MeV via 8Be2++n
mode. The breakup via α+5He channel sup-
pose to show a peak at 735 keV in Eαnrel spec-
tra. No peak at 735 keV in Eαnrel spectra as
well as very different shape in the measured
and simulated Dalitz distribution assured that
the breakup of E∗ = 2.43 MeV and 3.05 MeV
states via α+5He mode is negligible. Using a
gate of Eαnrel =735±100 keV on Dalitz plot a re-
gion is identified, which corresponding to the
excitation energy of 9Be peaking at 2.78 MeV,

marked as 1
2

−
in the Fig. 1. It also confirms

that 1
2

−
(2.78 MeV) dominantly breaks via

α+5He channel. With this powerful method
of kinematic Dalitz plot and triple coincidence

measurement, low lying (< 4 MeV) 1
2

±
and 5

2

±

states are resolved for the first time.
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