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Abstract. In this contribution, we present first experimental results for the deuteron pick-
up transfer in the 16O+28Si system at Elab. = 240 MeV. This reaction populates states in
the 26Al target-like nucleus. In the same experimental campaign we have also measured the
one-proton transfer 28Si(16O,17F)27Al and one-neutron transfer 27Al(16O,17O)26Al at the same
beam energy. Comparison between the energy spectrum of these transfer reactions indicate
that: i) the one-proton and one-neutron transfers favor the population of the low-lying states;
ii) deuteron transfer to the ground state in 26Al is highly suppressed; iii) the cross-sections
for deuteron transfer that populates low-lying states in 26Al are roughly 3 times less than the
one-neutron transfer.

1. Introduction
Transfer reactions are powerful tools to probe the short range correlations of nucleons inside

the nuclear matter [1, 2]. In the past, reactions induced by light ions (p, d, t and 3He) were
vastly adopted to study transfers of one and two nucleons. Among these two types, the two-
nucleon transfer is of particular interest because it allows to explore the short range correlations
in the populated nuclear states. In the two-nucleon transfer, particles can be transferred in
two distinct processes: simultaneous and sequential. In the first process, the di-nucleon system
acts as single entity and it is transferred in a single step, whereas in the sequential one the two
nucleons are independently transferred to an intermediate mass partition upon which the second
one is transferred [3, 4].

The large amount of experimental data have shown that transfer reactions are very selective
on the population of the nuclear states. Yields can be tuned by appropriate choose of the probe
and the incident energy, according to the Brink’s rule, that defines the optimal Q-window for
transfer reactions [5].

However, the scenario is different with transfers induced by heavy ions. The energy spectra
of 14C nucleus populated by 13C(18O,17O) and 12C(18O,16O) clearly shows that yields of the
ground state are suppressed in the two-neutron transfer but well populated in the one-neutron
transfer [6]. This means that in heavy systems, the nuclear reaction plays a role in the observed
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yields of the nuclear states. Besides, reactions induced by heavy ions allow exploring a large
combination of multi-nucleon transfers such as two-neutron (n-n), two-proton (p-p) and deuteron
(p-n) transfers. Since the nucleon-nucleon interaction is isospin independent, the dynamics of
the two-nucleon transfers shall be similar among the n-n, p-p and deuteron transfers.

Advances on theoretical models and increasing of the computational power have allowed
to achieve a good description of transfer reactions induced by heavy ions and to uncover the
relative contribution of simultaneous and sequential processes in the two-nucleon transfers [6].
Such theoretical achievement has allowed to explore transfer reaction induced by heavy-ion
probes in many target nuclei [7, 8, 9, 10, 11].

Within this context, we are carrying an experimental study of p-, n- and deuteron transfers
induced by the 16O nucleus. The main goal is to probe the short range correlation between
proton and neutron in a deuteron transfer in comparison with the two-neutron and two-proton
transfers. This proceeding is organized in three different sections: Experimental Setup and data
reduction, Experimental results and Conclusions and future perspectives. In this contribution
we present first experimental results for the 26Al nucleus populated by deuteron transfer in the
28Si(16O,18F) reaction and by the one-neutron transfer in the 27Al(16O,17O) at Elab.=240 MeV.
We also show the one-proton transfer in the 28Si(16O,17F)27Al reaction.

2. Experimental Setup and data reduction
The experimental campaign were performed at INFN-LNS, Catania, Italy using the large

acceptance MAGNEX spectrometer. In this experiment, a 240 MeV 16O beam was directed
toward 28Si and 27Al targets placed in the scattering chamber. The spectrometer’s optical axis
was set at θlab. = 3◦ and, 8◦ which allow us to cover 0◦ − 12◦ angular range. The integrated
charged of the incident beam is measured by a Faraday cup placed upstream in the scattering
chamber. Projectile-like particles from the target are momentum analyzed by the magnetic
elements (quadrupole and dipole) set in full-acceptance mode and detected by a focal plane
detector (FPD) placed upstream. The FPD is a hybrid detector consisting of a gaseous part
and a set of silicon detectors. The FPD measures parameters associated with the particles’
incident trajectory (x, y, θ and ϕ), the energy loss ∆E in the gaseous detector and the residual
energy Eres.) in the Si detectors. The correlations between these parameters allow a precise
isotope identification of the incident particles [12].

A trajectory reconstruction of the detected particles must be applied to obtain the kinematic
parameters at the target reference system [13]. This procedure requires an accurate model of
the magnetic field distribution inside the quadrupole and dipole that compose the MAGNEX
spectrometer. The parameters of the magnetic field model are determined through a systematic
comparison between simulated and the experimental data. It is worth to highlight that the
elastic and inelastic cross-sections for 16O + 28Si and 16O + 27Al systems were measured in the
same experimental setup [14]. In the simulation, we take into account the kinematics of the
reaction in the target, the mean energy loss of the projectile in the target and the spectrometer
acceptance.

With the trajectory reconstruction algorithm, we obtain the excitation energy spectrum
integrated over an angular range. We were able to achieve an energy resolution of about 0.7 MeV
(full width half maximum) and 0.2 MeV energy accuracy. The angular resolution is about 0.3◦.
Further details on the experimental setup can be found in Refs. [15].

3. Experimental results
The excitation energy spectra for the nuclei populated in the reactions studied here are shown

in Fig. 1. These spectra are integrated between 4.0◦ and 8.0◦ in the laboratory frame. In each
energy spectrum, a set of gaussian curves were fitted to the experimental data. The centroid
of each gaussian curve corresponds to well known low-lying nuclear states in the projectile-
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Figure 1. Integrated cross-section as a function of excitation energy for the p-transfer in
28Si (panel a), the n-transfer in 27Al (panel b) and the d-transfer in 28Si (panel c) reactions,
respectively. Energy spectra are reproduced by adjusted gaussian curves that reproduce nuclear
states. See text for more details.

and target-like nuclei, while the width of all gaussian curves was set fixed to represent the
experimental energy resolution. The amplitude of the gaussian curves was set as an adjustable
parameter of the fitting model. In some cases, a gaussian curve represents a group of nuclear
states whose relative energies are well below the achieved energy resolution. Additionally, the
green solid curves in each energy spectrum correspond to the sum of these individual gaussian
curves and describe reasonably well our data points.

For the 28Si(16O,17F)27Al reaction, the energy spectrum (Fig. 1a) shows that the low-lying
states are well populated. This is also the case in the 27Al(16O,17O)26Al reaction (Fig. 1b). In
both spectra, the dashed red curve represents the ground state of 17F + 27Al (in the case of p-
transfer) and 17O + 26Al (in the case of n-transfer). Comparison between the excitation energy
spectra for both p-transfer and n-transfer shows that ground-to-ground one-nucleon transfers
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1.100 MeV peak 1.700 MeV peak 2.500 MeV peak

26Al states 18F states 26Al states 18F states 26Al states 18F states

1.058 1.042 1.759 1.701 2.365 2.523
- 1.081 1.851 - 2.545 -
- 1.121 - - - -

Table 1. List of nuclear states in 18F and 26Al states observed in d-pickup reaction with the
28Si target. The peaks 1.100 MeV, 1.700 MeV and 2.500 MeV are represented by solid yellow,
dashed red and solid magenta curves in Fig. 1c.

are predominant. The integrated cross-section for the ground state in the 28Si(16O,17F)27Al is
1.46(15) mb and in the 27Al(16O,17O)26Al reaction is 1.03(10) mb.

Based on our fitting model, the population of the first excited state, namely the first excited
state in 17F at 0.495 MeV and the second excited state in 26Al at 0.417 MeV are weakly populated
(dotted gray line in Fig. 1a). The first two excited states in 27Al (0.844 and 1.015 MeV) are
represented by a single gaussian curve centered at 0.930 MeV (solid yellow line). The peak at
1.510 MeV represents the sum of 17F and 27Al, both in their first excited state (dashed magenta
line). The peak at 2.212 MeV represents the third excited state in 27Al (solid cyan line). Finally,
the peak at 2.800 MeV represents the contribution of higher excited states of 27Al (solid maroon
line). For the 27Al(16O,17O)26Al reaction, we have considered the contribution of the second
excited state of 26Al at 0.417 MeV (solid gray line in Fig. 1b) followed by 17O first excited
state at 0.871 MeV (solid cyan line) and 26Al third excited state at 1.058 MeV (dashed magenta
line). The last peak, at about 2.000 MeV, represents a set of three 26Al states at 2.068 MeV,
2.069 MeV and 2.071 MeV (solid yellow line), which cannot be individually fitted due to the
resolution of the experiment.

Fig. 1(c) shows the energy spectrum for the deuteron transfer reaction in the 28Si target.
It must be highlighted that the same target-like nucleus (26Al) is also populated in the
27Al(16O,17O)26Al reaction (Fig 1b), even though the energy spectra observed in these two
reactions are clearly different. The ground state in 18F+26Al system is highly suppressed, with
an estimated integrated cross-section of 3 µb. The cross-section for deuteron transfer leading
to the second excited state of 26Al (solid cyan line in Fig. 1c) also shows a quite low value, of
about 8 µb. Accurate values for these cross-sections requires a proper treatment of the shape of
the background. Nevertheless, it is clear that the d-transfer does not favor the population of the
ground states of 18F and 26Al. This reaction populates predominantly states around 1.1 MeV
(solid yellow line) and 1.7 MeV (dashed red line). These energies represent a combination of
some excited states in 18F and 26Al (see Table 1) and the cross-sections are 0.16(5) mb and
0.30(5) mb, respectively. This is about 3 times less than the values for one-neutron transfer
leading to the ground state in 26Al.

4. Conclusion and future perspectives
In this contribution we present the first experimental results for 28Si(16O,17F)27Al,

27Al(16O,17O)26Al and 28Si(16O,18F)26Al reactions. These reactions were measured in the same
experimental campaign at INFN-LNS using the large acceptance MAGNEX spectrometer. The
same procedure for data reduction was carried out to minimize systematic uncertainties that
may rise from the trajectory reconstruction algorithm. The excitation energy spectra obtained
for each reaction show that the ground state and first excited states are strongly suppressed
in the deuteron transfer on the 28Si target, selectively populating a few states of 26Al and 18F.
Also, the experimental cross-sections for deuteron transfer is about 3 times less than the neutron
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transfer induced on 27Al leading to the same residual nucleus.
In the next steps, we will finish the data reduction and cross-section extraction for a

complementary dataset measured at 3◦. This allows us to independently check the consistency
of our results and to obtain cross-sections around 0◦. Moreover, from the same dataset, we will
extract cross-sections for the two- and one-proton transfers on the 28Si target and one-proton
transfer on 27Al target.
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