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Abstract

We investigated the reaction dynamics induced by the Radioac-
tive Ion Beams 7Be and 8B on a 208Pb target at energies around the
Coulomb barrier. The two measurements are strongly interconnected,
being 7Be (Sα = 1.586 MeV) the loosely bound core of the even more
exotic 8B (Sp = 0.1375 MeV) nucleus. Here we summarize the present
status of the data analysis for the measurement of the elastic scattering
process for both reactions and the preliminary results for the optical
model analysis of the collected data.
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1 Introduction

The reaction dynamics induced by light weakly-bound Radioactive Ion
Beams (RIBs) at near-barrier energies has attracted the interest of the Nu-
clear Physics community for the last 20 years at least. The exotic features of
several light RIBs together with their extremely weak binding energies (Sp,
Sn and Sα typically lower than 1.0 MeV) make these nuclei an ideal play-
ground for the nuclear reaction theory. From an experimental point-of-view,
a large enhancement of the reaction cross section at sub-barrier energies has
been observed. This enhancement is mostly due to direct processes, such
as the 2n-transfer for the 2n-halo nucleus 6He [1–3] and the neutron skin
nucleus 8He [4,5] and, apparently, the breakup process for 8B- [6] and 11Li-
induced [7, 8] reactions. Contrary to initial expectations, only a marginal
enhancement, when recorded, of the fusion cross section at sub-barrier en-
ergies has been reported [4, 5]. Several review papers have been published
on this topic over the last decade [9–15]

In this contribution we describe the present status of the data analysis
for our measurements of the elastic scattering process for the systems 7Be
+ 208Pb and 8B + 208Pb at near-barrier energies.

2 The system 7Be + 208Pb

This reaction was studied at the Laboratori Nazionali di Legnaro (LNL,
Italy) of the Istituto Nazionale di Fisica Nucleare (INFN), where a 7Be RIB
is routinely delivered by the facility EXOTIC [16, 17]. The 7Be beam for
this experiment was obtained starting from a 48.8 MeV 7Li3+ primary beam
impinging on a 5-cm long gas target filled with 1 bar of H2 gas cooled down
to liquid nitrogen temperature (∼ 90 K). In these conditions, a 40.5-MeV
7Be secondary beam with an average intensity 2-3×105 pps was produced. A
second 7Be energy of 37.6 MeV was obtained by means of an approximately
12.5 μm thick Al degrader inserted along the beam line right before the
main scattering chamber. Finally, a third energy of 42.4 MeV was achieved
at the end of the experiment after warming up the target station at room
temperature. In all cases the secondary beam purity was as good as 99%.

Charged particles originated by the interaction with a 1 mg/cm2 208Pb
target were detected in the angular ranges θlab = [55◦,84◦], [96◦,125◦] and
[138◦,165◦] by means of 6 ΔE-Eres telescopes of the newly developed de-
tector array EXPADES [18]. The telescopes were displaced in a cylindrical
configuration around the target at an average distance of about 111.5 mm.
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Figure 1: Elastic scattering angular distributions for the system 7Be + 208Pb at
three bombarding energies. Continuous lines represent the results of an optical
model best-fit analysis of the experimental data.

Three modules were located in the left hemisphere and the other three in
symmetrical locations of the right hemisphere. Each telescope consisted of
a 43-57 and 300 μm thick Double Sided Single Strip Detector (DSSDS) as
inner and outer layer, respectively. Each DSSSD had an active area of 62.3
mm × 62.3 mm and each side was segmented into 32 strips, determining a
position resolution of about 2 mm × 2 mm.

Fig. 1 shows a preliminary evaluation of the elastic scattering angular
distributions for the system 7Be + 208Pb. We can directly appreciate the
drop of the differential cross section at backward angles due to the nuclear
absorption. To contain statistical fluctuations, at this stage of the analy-
sis, the data were grouped into bins of 8 vertical strips. A better angular
resolution should be achieved after completing the sorting procedure of the
collected data.

Continuous lines in Fig. 1 are the result of an optical model best fit
analysis of the experimental data within the framework of the optical model.
The analysis was performed with the SFresco subroutine of the main code
Fresco [19] and allowed the extraction of the reaction cross section. The
comparison of the reaction cross sections for the system 6, 7Li, 7Be and 8B
+ 208Pb will be presented in the last section of this contribution.
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3 The system 8B + 208Pb

The study of this reaction was carried out at the CRIB (CNS Radioactive
Ion Beam) [20,21] facility located in the RIKEN campus at Wako (Japan). A
50 MeV 8B RIB was produced starting from a 66 MeV 6Li3+ primary beam
impinging on a 8-cm long gas target inflated with 3He gas at a pressure of
1 bar. The outcoming 8B beam had an intensity of 2×104 pps and a purity
of about 20%, being the 6Li scattered beam, 3He ions recoiling out from
the gas target and 7Be the main contaminant beams. However, all these
beams had different times of flight (ToF) through the CRIB separator and,
by using proper gates in the ToF spectra, it will be possible to discriminate
events originating from different components of the cocktail beam.

Charged reaction products arising from the interaction with a 2.2
mg/cm2 208Pb (evaporated on a 1.5 μm thick Mylar backing foil) were
detected by means of the six ΔE-Eres modules of the already mentioned
detector array EXPADES. In this experiment a slightly asymmetric con-
figuration of the telescopes was employed in order to ensure the coverage
of the following angular ranges: θlab = [16◦,41◦], [55◦,84◦], [96◦,125◦] and
[139◦,164◦]. The average distance between the detectors and the target cen-
tral position was about 113 mm.

Fig. 2 shows a very preliminary evaluation of the angular distribution
for the elastic scattering process in the system 8B + 208Pb. Only four
point were plotted, each one corresponding to the mean location of the four
angular ranges covered by the EXPADES array. The experimental data were
normalized by using a Monte-Carlo simulation, which took into account the
geometry of the detector array and the kinematics of the elastic scattering
process. Simulated events were generated according to a pure Rutherford
cross section. The ratio between experimental and simulated data was finally
set equal to unity in the angular range covered by the detector located at the
forward-most angles. In the next months we expect to improve the angular
resolution of the elastic scattering differential cross section by performing a
detailed strip-by-strip analysis of the gathered data and, if allowed by the
collected statistics, to proceed also with a pixel-by-pixel analysis.

Continuous line in Fig. 2 represent the result of an optical model best
fit analysis performed with the code Fresco. This procedure allowed us
to extract a first (extremely preliminary) evaluation of the reaction cross
section for the system 8B + 208Pb at 50 MeV beam energy.
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Figure 2: Preliminary elastic scattering angular distribution for the system 8B +
208Pb at 50 MeV beam energy. The continuous line is the result of the optical
model analysis of the collected data.
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Figure 3: Reaction cross sections for the systems 6,7Li, 7Be and 8B + 208Pb. The
data were reduced according to the procedure recommended in Ref. [23] and then
normalized to the system 7Be + 208Pb.
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4 Discussion

Fig. 3 illustrates the reaction cross sections for the systems 6,7Li [22], 7Be
and 8B + 208Pb in the energy range around the Coulomb barrier. The data
for the different systems were reduced according to the procedure described
in Ref. [23] and then multiplied by the normalization factor of the reaction
7Be + 208Pb. It is interesting to observed that, according to our preliminary
analysis, the 7Be (Sα = 1.586 MeV) nucleus exhibits a reactivity rather simi-
lar to that of its more bound mirror nucleus 7Li (Salpha = 2.467 MeV), rather
than to that of the similarly weakly bound nucleus 6Li (Salpha = 1.474 MeV).

On the other side, it is particularly evident that, even at this very pre-
liminary stage of the data analysis, the reaction induced by the 8B p-halo
nucleus (Sp = 0.1375 MeV) on the 208Pb target has a reaction cross section
much larger those measured for reactions induced by the other weakly-bound
projectiles on the same target. This scenario is rather consistent with that
observed for reactions induced by the same projectiles on the medium-mass
target 58Ni [6]. In our case, in an ultimate stage of the data analysis, it
should be possible to established whether the reaction cross section enhance-
ment for the system 8B + 208Pb is mainly due to direct channels, such as
breakup and/or transfer, or to the fusion process.
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