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We perform calculations of binary-cluster nuclear scattering, where both the projectile and target
are described in an ab initio framework, that is, all the nucleons in the projectile-target system are active
degrees of freedom interacting through a realistic nuclear two-body interaction. In particular we consider
the specific case of a deuteron (d) projectile impinging on light nuclei with mass number A > 4. In this
way, we significantly extend the scope and applications of ab initio methods to nuclear scattering and
reactions.

The adopted formalism is the no-core shell model/resonating-group method (NCSM/RGM) [1], a
well-established nuclear many-body approach that allows to treat bound and scattering states of light
nuclei within a unified framework, starting from the fundamental internucleon interactions. The actual
calculation consists in solving a Schrödinger-like equation in which the relevant aspects of the dynamics
of the scattering process are taken into account by adopting accurate nucleon-nucleon (N N) potentials
(i.e. those that fit the N N phase shifts with high precision) to describe the interaction between target and
projectile nucleons, and by expanding the nuclear wave function over many-body binary-cluster states
consistently obtained from the same Hamiltonian.

10 100 1000
Ekin [keV]

0

5

10

15

20

S-
fa

ct
or

 [M
eV

 b
]

Bo52
Kr87
Sch89
Ge99
Al01
Al01
Co05
NCSM/RGM

d+3He → p+4He

Fig. from Ref. [3]. Calculated S-factors of the
3He(d, p)4He reaction compared to experimental
data (see Ref. [3] for details).

So far, NCSM/RGM applications concerning col-
lisions and nucleon-transfer reactions with a deuteron
projectile have been limited to the description of d-
4He (d-α) scattering [2] and both the transfer reac-
tions 3H(d, n)4He and 3He(d, p)4He [3], see Figure.
In our work, we push forward the present computa-
tional limits of ab initio calculations by extending the
NCSM/RGM formalism to the treatment of nucleon-
transfer reactions with target nuclei heavier than the
α particle. This is achieved by introducing a novel al-
gorithm to efficiently handle the large computational
scale of the many-body problem under study. Such
development will enlarge our ability to test ab initio
methods against the wealth of data from radioactive-
ion beam facilities that are becoming available in the
recent years. At the same time, the outcome of such
NCSM/RGM calculations has the potential to serve
as precious guidance for ongoing experimental inves-
tigations of the spectra of exotic nuclei, where the (d, p) reaction is a powerful tool for the study of halo
nuclei (see for instance Ref. [4]).
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