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Reactions induced by 9Be in a four-body

continuum-discretized coupled-channels

framework

J. Casal, M. Rodrı́guez-Gallardo and J. M. Arias

Abstract We investigate the elastic scattering of 9Be on 208Pb at beam energies

above (50 MeV) and below (40 MeV) the Coulomb barrier. The reaction is described

within a four-body framework using the Continuum-Discretized Coupled-Channels

(CDCC) method. The 9Be projectile states are generated using the analytical Trans-

formed Harmonic Oscillator (THO) basis in hyperspherical coordinates. Our calcu-

lations confirm the importance of continuum effects at low energies.

Introduction

The 9Be nucleus is a stable system but presents a small binding energy below the

α +α + n threshold [1], 1.5736 MeV. It shows also a Borromean structure, since

none of the binary subsystems α +α or α +n form bound states. Reactions involv-

ing 9Be should reflect both its weakly-bound nature and its three-body structure.

Previous calculations considering 9Be as a two-body projectile [2] and also as a

three-body projectile [3] show that breakup effects are important even at sub-barrier

energies.

In this work, we describe the elastic scattering of 9Be on 208Pb within a four-body

CDCC method [4,5], considering a three-body projectile plus a structureless target.

We generate the projectile states within an α +α + n three-body model using the

analytical THO basis [6, 7] in hyperspherical coordinates. We pay special attention

to the position of the relevant states of the system. The 3/2− ground state and the
9Be low-energy resonances are fixed to the experimental values. We refer the reader

to Refs. [5, 8] for details about the theoretical formalism.
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Fig. 1 9Be + 208Pb elastic cross section at 50 MeV (left panel) and 40 MeV (right panel).

Results

The model space describing the 9Be projectile includes jπ
= 3/2±,1/2±,5/2±

states. The coupled equations are solved considering the projectile-target interac-

tion multipole couplings to all orders. In Fig. 1 we show the elastic cross section

angular distribution in the center of mass frame, relative to the Rutherford cross

section, at beam energies above (50 MeV) and below (40 MeV) the Coulomb bar-

rier. Dashed lines correspond to calculations including the ground state only, and

solid lines are the full CDCC calculations. The experimental data are from Refs. [9]

(circles) and [10] (squares). The agreement between our calculations and the data is

improved when we include the coupling to breakup channels. We confirm that this

effect is important even at energies below the Coulomb barrier.
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