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9Dipartimento di Fisica, Università di Torino, and Istituto Nazionale di Fisica Nucleare, Torino, Italy

INTRODUCTION

Two nucleon transfer reactions at low bombarding ener-
gies are an ideal tool to investigate nucleon-nucleon corre-
lations [1, 2]. With heavy ions one has the possibility to
transfer several nucleon pairs, involving both neutrons and
protons at the same time. Understanding whether and how
pair correlations can be probed in heavy ion collisions was
the purpose of different experiments performed in the past
[3, 4].

In recent years neutron-neutron correlations were inves-
tigated in the closed-shell40Ca+96Zr [5] and superfluid
60Ni+116Sn [6] systems measuring transfer cross sections
from above to below the Coulomb barrier. The data were
represented via the transfer probability (Ptr), defined as the
ratio of the transfer yield over the quasi-elastic one, plotted
as a function of the distance of closest approach (D).

The use of the large-acceptance spectrometer PRISMA,
combined with the inverse kinematics condition, allowed
one to measurePtr down to very large values ofD, suffi-
ciently far from the nuclear absorption region. In the well
Q-value-matched system60Ni+116Sn, with the ground-to-
ground-stateQ values for one- and two-neutron transfers
very close to the optimum, the microscopically calculated
transfer probabilities for the(1n) and(2n) channels, which
incorporate nucleon-nucleon pairing correlation, could re-
produce the experimental ones in absolute value and slope
(we refer to Refs. [5, 6] for details).

An interesting and almost unexplored issue is whether and
to what extent the effect of nucleon-nucleon correlations in
the evolution of the reaction is modified in the presence of
high Coulomb fields. To make a proper comparison with al-
ready studied systems we then studied the118Sn+206Pb case,
which is the heaviest (asymmetric) semi-magic combination
with closed proton shells and open neutron shells, where
the ground-to-ground-stateQ values for neutron transfer are
very close to the optimum (Qopt∼ 0).

THE EXPERIMENT

In the present experiment, by employing the inverse kine-
matics condition, we could detect the light target-like ions in
PRISMA with sufficientA, Z andQ-value resolution also at
energies below the barrier and corresponding to largeD val-
ues. We used a 2-pnA206Pb beam delivered by the PIAVE
positive-ion injector followed by the ALPI post-accelerator
of LNL, impinging onto a 200µg/cm2 (2-mm strip)118Sn
target. We measured an excitation function at three differ-
ent bombarding energies,Elab = 1200, 1100 and 1035 MeV.
For the highest energy PRISMA was initially placed close to
the grazing angle atθlab = 35◦ and then at 25◦. Decreasing
the bombarding energy the angle of PRISMA was kept fixed
at 25◦, since below the barrier the transfer angular distribu-
tions are peaked at forward angles in the laboratory frame
(backward angles in the center-of-mass reference frame). In
this configuration target-like recoils entering PRISMA had
sufficient kinetic energies to be detected with good resolu-
tion, also at low bombarding energies. The kinematics of
the reaction allows also part of the beam-like ions to enter
the spectrometer, being the limiting angle for Pb close to
35◦.

Inside the sliding seal scattering chamber two monitors of
silicon surface barrier type were placed atθlab = 48◦ and
58◦. The monitors were used to detect Rutherford scattered
Sn ions for relative normalization between different runs and
to control the beam conditions during the measurements.

PRESENT STATUS OF THE DATA ANALYSIS

The first phase of the data analysis concentrated in the
proper linearization procedures to be able to get the correct
mass over atomic charge state distributions (A/q). In Fig. 1
is reported the matrix of time of flight (TOF) vs horizontal
position along the focal plane (Xfp) for Elab = 1200 MeV
andθlab =35◦. The TOF distributions of the 10 sections of
the Multiwire Parallel Plate detector have been consistently



Fig. 1. TheXfp −TOF, where theXfp is the horizontal position
along the focal plane, andTOF is the time of flight, measured for
Elab = 1200 MeV atθlab =35◦.

aligned in such a way that theA/q distributions match with
each other. On a large scale one can distinguish the two main
distributions corresponding to the detection of Sn-like ions
(lower TOF region) and Pb-like ions (higher TOF region).
TheseA/q distributions will then be used to construct the
absolute mass spectra, after taking into account the atomic
charge state distributions.

Fig. 2. Charge distribution (Z) obtained atθlab =35◦. The multi-
Gaussian fit used to extract the absolute yields for the indicated
channels is represented by the red curves.

In a second step one concentrated on the fine tuning of
the ∆E −E matrixes to obtain the best nuclear charge (Z)
resolution, starting from the energy spectra of the 40 sub-
sections of the PRISMA Ionization Chamber (IC). Such a
tuning procedure took into account the calibration parame-
ters of the IC as extracted before the experiment, and had
to reduce at minimum the background effects generated by
the tilted trajectories that intercept different subsections of
the IC belonging to different rows. The final result is rep-
resented in Fig. 2 which shows the mass integratedZ dis-
tribution corresponding to the projection of the total∆E−E
matrix for the measurement atElab = 1200 MeV [7]. In the
same figure are plotted (red curves) the multi-Gaussian fit

used to extract the yields for the individualZ. These fits,
in turn will be used for the determination of absolute cross
section. One sees the quality of separation of the differentZ
and the wealth of transfer channels produced in the reaction,
both along the proton stripping and proton pick-up chains.

In a preliminary analysis the mass integratedZ distri-
butions have been compared with the GRAZING code for
multinucleon transfer reactions [8]. This model calculates
the evolution of the reaction by taking into account, besides
the relative motion variables, the intrinsic degrees of free-
dom of projectile and target. The relative motion of the
system is calculated in a nuclear plus Coulomb field. The
exchange of many nucleons proceeds via a multi-step mech-
anism of single nucleons. This model has been so far suc-
cessfully applied in the description of multinucleon transfer
reactions [9, 10].

GRAZING quite well reproduces the cross sections for
few nucleon transfers while strongly underestimates the
transfer channels where many protons are involved. These
results are attributed to the onset of deep inelastic compo-
nents which play a major role for heavy systems and at en-
ergies above the barrier. Of course these components are
expected to play a minor role at energies below the barrier.
The next steps will be to selectively gate on the event distri-
butions corresponding to the different nuclear charges and
construct the mass spectra for the various isotopes at the
measured bombarding energies and angular settings. This
will allow to measure the evolution of the transfer probabil-
ity as a function of the distance of closest approach. Par-
ticularly interesting will be the case of Sn isotopes for the
study of neutron-neutron correlations especially at the low-
est measured bombarding energy where theQ-value distri-
butions are expected to be very narrow.
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