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Direct Measurement of the Breakup Process
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In order to better understand the breakup contribution to fusion, we perfomed light particle coincidence
measurements for the systems6,7Li+12C,59Co at energies near and above the barrier. A three body kinematics
analysis is performed with the objective of separating the contributions of different reaction mechanisms. For
small angular differences between the light particles, the sequential and direct breakup seem to dominate. On
the other hand, for large detector separations, a sequential decay following transfer is likely to dominate.

The recent availability of radioactive nuclei beams moti-
vated the investigation of fusion reactions involving weakly
bound nuclei. The cross section enhancement generally ob-
served at sub-barrier energies is understood in terms of dyna-
mical processes arising from couplings to collective inelastic
excitations of the target and/or projectile [1]. However, in the
case of reactions where at least one of the colliding nuclei
has a sufficient low binding energy so that breakup becomes
an important process, conflicting experimental and theoretical
results are reported in recent papers [2–10].

The6,7Li + 12C,59Co fusion reactions are used to investigate
the effect of breakup on the fusion cross section [11]. These
measurements help to establish the influence of the projec-
tile breakup on the fusion process at near-barrier energies and
contribute to the determination of how the mass of the target
affects the process, as well as the influence of the incomplete
fusion yield.

It is important to have clear the reference used when an
enhancement and/or a suppression is defined[5–7]. A final tu-
ning for the coupling of the breakup channel, as well as the
correct description of the reaction dynamics, requires the ex-
plicit measurement of precise elastic scattering data as well as
yields leading to breakup itself [12–14].

FIG. 1: (a) Bidimensional plotEαxEd. (b) Bidimensional plot
EαdxEα, both atElab = 26MeV for the 6Li + 12C system. The li-
nes represents the loci for events leaving12C in the ground state and
the first excited state.

The identification of the breakup products has been achie-
ved measuring the three body final state correlations. Coin-
cidence data displayed in Fig. 1a show the identification of

FIG. 2: Angular correlations for the system6Li+59Co at Elab =
29.6MeV as a function of thed angle (θd) for fixed α angles (θα)
indicated by the arrows.

the process Q-value in order to gate exclusively on the pro-
jectile breakup channel. Furthermore, the system excitation
energy as well as the projectile fragment relative energy (see
Fig. 1b) are used to identify the exit channel with no ambi-
guity. Based on those filters, angular correlations (see Fig. 2)
are obtained to identify the several processes. This is com-
plemented by measurements of relative energy of the frag-
ments using different rest frame references (target like, projec-
tile, target + fragment) in order to disentangle the contribution
of breakup, incomplete fusion and/or transfer-reemission pro-
cess. These experimental results are compared to three body
kinematics calculations. As an example Fig. 3 displays the
relative energy betweenα− d for the 6Li breakup on a12C
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FIG. 3: Relative energy betweenα andd for the6Li breakup on the
12C target as a function ofθd for a fixedθα = -25o. The vertical lines
represent the kinematical detection limits forα-d decay for the first
excited state of6Li (E* = 2.186MeV).

target. The region between the dashed vertical lines repre-
sent the angular interval in which the three body kinematics
predict a constant relative energy. The fact that this experi-
mental trajectory is not constant out of this region indicates
the presence of other processes. The fact that the yield for
coincidences is not negligible out of this region (see Figs. 2)
indicates that the other processes producing, as in this case

α−d coincidences, are relevant and must be identified. Fig.
4 shows theα energy as a function of thed emission angle.
We notice that theα energy is constant on the angular range
which does not correspond to the breakup contribution. This
constant energy suggests the presence of a binary intermediate
process6,7Li +59Co→ α +61Ni∗→ α +d+59Co. From the
averageα energy, we determined the excitation energy of the
intermediate nucleus61Ni, as being 25MeV. Similar data were
taken for6,7Li+115In. This procedure in unfolding the several
light particle emission processes has not been exploited so far
in the literature.

FIG.4: α energy as a function ofθd for θα = 15o. The excitation
energy for the intermediate nucleus61Ni was determined from the
averageα energy indicated by the dotted line.
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