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A study of the two-neutron transfer reaction of the 18O + 64Ni sys-
tem at 84 MeV incident energy to the ground and first 2+ excited state of
the residual 66Ni nucleus is presented. The experiment was performed at
the INFN-LNS (Italy) by using the large acceptance MAGNEX spectrom-
eter. Theoretical models are used in order to disentangle the competition
between long-range and short-range correlations.
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1. Introduction

Pairing correlations in nuclei can be probed by two-nucleon transfer re-
actions [1–11]. Moreover, these reactions can reveal relevant information on
more complex competing reactions such as the double charge exchange ones,
which are of interest for applications in neutrino-less double beta decay re-
search [12, 13]. Two-neutron transfer reaction mechanism can proceed either
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by the two-neutron transfer in one step, under strong influence of pairing
correlations, or in two sequential steps of single neutron transfer (two-step).
In the first case, the states of the residual nucleus are fed directly from
the ground state of the target. However, here we refer to one-step mecha-
nism even when intermediate transitions through inelastic excitation of the
projectile or target are involved [5, 14].

Calculations for the two-neutron transfer reaction (18O,16O) on vari-
ous target nuclei were performed in several previous works [14–17]. Full
quantum-mechanical calculations for the two-neutron transfer cross section
of the 58,60,62,64Ni(18O,16O) reactions using the distorted wave Born approx-
imation (DWBA) were performed by Kahana and Baltz [18, 19].

A high precision measurement of the 64Ni(18O,16O)66Ni reaction to the
ground and to the first excited state of the residual 66Ni nucleus in order to
study the details of the two-neutron reaction on a target in this mass region
is presented here.

For the direct two-neutron transfer reaction (or one-step mechanism),
CRC calculations were performed. For the sequential transfer (or two-step
mechanism), two-step distorted wave Born approximation (DWBA) calcu-
lations were performed in post prior representation.

Different nuclear structure models are used to study the structure of
64,66Ni: the shell model, the microscopic interacting boson model (IBM-2)
[20] (using the extended mapping procedure suggested by Otsuka, Arima,
and Iachello [21]) and the interacting boson fermion model (IBFM-2) [22].

2. Experiment and results

A 113 µg/cm2 self supporting 64Ni target was bombarded by a 84 MeV
incident energy beam of 18O6+ delivered by the Tandem Van der Graaff
accelerator of the INFN-LNS laboratory in Catania. The evaluation of the
background in the spectrum (due to carbon impurities in the target) was
realized performing supplementary runs bombarding a 49 µg/cm2 self sup-
porting 12C target with the same beam at the same incident energy.

An overall angular interval of 3◦ < θlab < 31◦ in the laboratory system
was spanned. The outgoing ejectiles produced in the different reactions were
momentum analyzed by the MAGNEX spectrometer [17, 23] and detected
by the focal plane detector FPD [24] which provided particle identification
[25] and trajectories reconstruction [26].

A typical energy spectrum, obtained by applying the ray-reconstruction
technique to the experimental data, is shown in Fig. 1. The 66Ni excitation
energy E∗ = Q0 − Q is represented in the energy axis, where Q0 is the
Q-value (2.862 MeV) for the g.s. to g.s. transition.
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Fig. 1. (Color online) Excitation energy spectrum of 66Ni (black color) obtained
from the 18O + 64Ni reaction at 84 MeV and 17.4◦ < θcm < 33.0◦ for the g.s. tran-
sition. The gray/red hatched area corresponds to the background that comes from
12C impurities in the target. A line corresponding to the one-neutron separation
energy (Sn) is also indicated.

The particular shape of this spectrum can be explained considering the
high level density of 66Ni [27], the kinematic matching conditions which
give a maximum cross section at E∗

opt = 12.2 MeV and Lopt = 5~ [28],
and the three-body kinematics related to the one-neutron emission. The
large bump may be associated to the competition between the two-neutron
transfer mechanism and dissipative phenomena [29].

In Fig. 2, the experimental angular distributions for the transfer to the
g.s. and to the first excited state of 66Ni are shown. The angular resolution
is 0.3◦. The error bars correspond to the uncertainty on the solid angle
determination, the statistical error and the background subtraction. A scale
error of 10% in the cross section, coming from the uncertainties of the target
thickness and beam integration by the Faraday cup, is common to all the
angular distibution points and is not included in the error bars.

The angular distribution of the elastic transfer is bell-shaped near the
grazing angle, and at forward angles, the cross section oscillates. This phe-
nomenon, observed in heavy-ion reactions, is a consequence of diffraction
between near-side and far-side components of the reaction flux, signaling
also an interesting transparency of the 64Ni nucleus for the far-side wave.
The forward angle oscillations were not observed in the experimental data
of Ref. [19] since not only the authors were not able to measure at forward
angles, but in addition, due to the limited angular distribution.
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Fig. 2. Experimental angular distributions for the ground state (a) and 1.424 MeV
(b) of 66Ni compared with calculations.

3. Calculations and results

Two different models were used for the calculation of the two-neutron
transfer reaction.

The first one assumes that the transfer reaction of the two neutrons
occurs simultaneously, or in a direct way. This is the so-called independent
coordinate model, where the relative movement between the two particles is
taken into account and all the quantum numbers of the individual neutrons
are considered during the transfer process. The description of this approach
can be found in Ref. [30].
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The second one considers that the transfer of the two neutrons occurs in
two steps, passing through an intermediate partition, known as a sequential
or two-step mechanism. To perform microscopic-independent coordinates
and sequential calculations, it is necessary to determine the spectroscopic
amplitude for each target and projectile overlap. Two possibilities have been
explored for this medium-mass system, the shell model (SM) and the IBM
method. The obtained results are compared with the experimental data in
Fig. 2.

Spectroscopic amplitudes used in the one-step mechanism (direct) and
in two-step mechanism (sequential) are taken from Shell Model calculations
using the model space bjuff with the effective phenomenological interaction
of Ref. [31] and the microscopic IBM-2 method [20] for the one-step process,
and the IBFM-2 method [22] for the sequential process.

4. Conclusions

The 66Ni excitation energy spectrum up to about 30 MeV and high qual-
ity angular distributions for the 64Ni(18O,16O)66Ni transfer reactions were
measured.

For the two-neutron transfer reactions to the ground state of the resid-
ual nucleus 66Ni, our CRC cross-section analysis suggests that short-range
pairing correlations play an important role (more evident with IBM-2 and
IBFM-2).

In the two-neutron transfer reaction to the first excited state of 66Ni,
where the collectivity is known to be important, the predominance of the
two-step reaction mechanism was verified. This confirms the long-range
effect of the wave function of this state.

Both conclusions are independent on the nuclear structure model used.
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