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Introduction
9Be is a weakly-bound stable nucleus that

exhibits several unusual features compared to
the strongly-bound projectiles. It breaks up
into the charged fragments: 9Be→ α+α+n,
(Q = -1.57 MeV); 9Be→ α+ 5He (Q = -2.47
MeV) [1] which impacts the complete fusion-
fission (CF) dynamics, and subsequently, the
suppression of its cross section. This suppres-
sion factor is found to be nearly 30% as per the
results presented in Ref.[3]. However, there
is no reported value of complete fusion sup-
pression contributions that arise due to the
aforesaid two exclusive break-up channels of
9Be. In the present work, an attempt has been
made to extract these values by using prompt
γ ray spectroscopic technique.

Experimental Details

The experiment was carried out using the
BARC-TIFR 14-MV Pelletron accelerator fa-
cility at Mumbai. A self-supporting 232Th tar-
get of thickness ∼ 25 mg/cm2 was bombarded
with 9Be beam at Elab = 46 MeV. The prompt
γ-rays from fission fragments (FFs) were cap-
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tured by the Indian National Gamma Array
(INGA) spectrometer. The time-stamped list
mode data were collected in γ-γ and γ-γ-
γ coincidence by employing the digital data-
acquisition system based on the PIXIE-16
modules of XIA LLC [2].

Results and Discussions

The experiment, 232Th(9Be,f) will lead to
the formation of the fissioning nucleus, 241Pu
following the complete fusion-fission (CF) pro-
cess. However, there exists a significant prob-
ability of the breakup of the projectile, 9Be
thereby causing In-Complete Fusion (ICF)
process [3]. The breakup channels will lead to
the formation of the fissioning system, 233Th
and 236U via the reactions, 232Th(n,f) and
232Th(α,f), respectively. Therefore, three dif-
ferent fissioning nuclei were produced simulta-
neously at different excitation energies (Eex).
The corresponding Eex were calculated by tak-
ing into account the beam energy loss at the
half-thickness of the target and respective Q-
values (see Table.1). Considering only binary
fragmentation, each of the aforementioned fis-
sioning composite nuclei breaks into two com-
plementary FFs such that the total proton
number is conserved. The Fission Fragment
Spectroscopy (FFS) measurement technique
[4] has been utilized to measure the rela-
tive yields of complementary FFs produced
through different fissioning channels. The nu-
clei, 100Zr and 104Mo were fixed as lighter frag-
ment, and the corresponding yield from the
heavier fragment with respect to each of fis-
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FIG. 1: Representative coincidence spectra ob-
tained by applying : (a) double gate on the 4+

1 →
2+
1 (697 keV) and 2+

1 → 0+
1 (974 keV) transitions

of 132Te; (b)single gate on the 2+ → 0+ (212.6
keV) transition of 100Zr. The FFs produced by

with their corresponding γ transitions.

distributions from different complementary fission

channels.

Compound
Nucleus

Eex

(MeV) CFF Pair Yield Ratio Adopted
Values

CF 241Pu 31.7
100Zr -134Xe

104Mo -128,130Te

ICF

233Th 31
100Zr -130Sn

104Mo -114Cd

236U 15
100Zr - 132Te
104Mo -130Sn

sioning nuclei were measured as shown in Ta-
ble.1. The ratio of the yield for a FF pair fol-
lowing a specific fissioning channel with that
of the total summed yield provide the relative
contributions of different ICF channels explic-
itly as shown in Table.1.

The experimentally observed relative iso-
topic yield distribution profile has been com-
pared with the predicted values from the the-
oretical GEF model [5] (see Fig.2). The mea-
sured relative contributions of the three differ-
ent fissioning channels were incorporated into
the GEF model calculations. A good agree-
ment has been found between the theoretical
and experimental values of the relative iso-

topic fission fragment yield distribution for the
element, Xe54. It is expected that the newly
presented results would have significant con-
sequences for fusion-fission dynamics, as well
as in synthesizing super heavy elements.
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topic yield distribution between experimental re-
sults and GEF calculations for even-even Xe iso-
topes considering the extracted ICF ratios as ob-
tained from the present work.
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FIG. 2: Comparative depiction of relative iso-

Table 1: Experimentally extracted values of yield
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three different fission channels are marked along

fragment pairs relevant to the three fusion-fission
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