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Abstract. Angular distributions for the elastic scattering of 7Be and 8B by an enriched 208Pb
target were measured at the Radioactive Ion Beam Line at Lanzhou (RIBLL). The incident
energies of the radioactive beams were about three times the respective Coulomb barriers. A
suppressed Coulomb-nuclear Interference Peak (CNIP) is not observed for 8B, a pronounced
proton halo nucleus. Optical model fits were performed using Woods-Saxon potentials and the
total reaction cross sections deduced. The results are discussed.

1. Introduction
Weakly-bound nuclei have been extensively studied with the development of radioactive ion beam
facilities since the 1980s [1]. Many interesting phenomena have been discovered by studying the
weakly-bound nuclei close to the proton/neutron drip-lines, such as neutron/proton halo/skin
structures, evolution of shell structure with N/Z ratio, exotic modes of collective excitation
etc. [2, 3, 4, 5].

Halo nuclei, composed of a compact core and extended valence nucleons, have small separation
energies and the valence nucleons are located in orbitals with low angular momentum. This halo
structure should affect dramatically the mechanism of breakup, transfer and fusion reactions [6].
A study of the elastic scattering of the neutron halo nucleus 6He by 208Pb near the Coulomb
barrier shows the existence of a sizeable long range absorption mechanism in the optical model
potential [7, 8]. An experimental study of another neutron halo nucleus, 11Be, at energies
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around the Coulomb barrier found that the CNIP disappears and absorption occurs at much
smaller angles than for the other Be isotopes, 9,10Be [9]. This unusual behaviour is caused by
the strong nuclear coupling to the continuum in 11Be [10]. An accurate measurement of the
elastic scattering differential cross section is very important for the determination of the optical
potential parameters and the so-called quarter-point angle (θ1/4) [11].

It is known that 8B is a well-pronounced proton halo nucleus. The binding energy of the last
proton is only 0.137 MeV. Much research has been done on 8B by measuring the total reaction
cross section, breakup cross section, fusion cross section and inelastic scattering differential cross
section [12, 13, 14, 15, 16, 17, 18]. However, experimental data for elastic scattering of 8B by
heavy targets are scarce [19]. The only elastic scattering data for 8B by light and intermediate
mass targets are in refs. [20, 21, 22]. The proton halo effects are manifest in the total reaction
cross sections deduced from the experimental data. In this contribution we present new elastic
scattering data for 7Be and 8B from the heavy target 208Pb, which were measured at RIBLL
at the Institute of Modern Physics, Chinese Academy of Sciences [24, 25], at incident energies
about three times the Coulomb barrier.

2. Experimental setup
The unstable nuclear beams of 17.9 MeV/A 7Be and 21.3 MeV/A 8B were produced by RIBLL. A
54.2 MeV/A 12C primary beam was accelerated by the Heavy Ion Research Facility of Lanzhou
(HIRFL) and delivered to a 2615 µm thick Be primary target. The secondary beams were
separated and purified by RIBLL. The intensity of the 8B secondary beam was a few hundred
particles per second with a primary beam intensity of ∼ 300 enA, while that of the 7Be beam
was ∼ 5000 particles per second.
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Figure 1. Schematic view of the experimental setup.

The experimental setup is shown in Fig. 1. The secondary target was 4.2 mg/cm2 thick
enriched 208Pb. Two fast scintillator detectors were placed at the two focal planes of the RIBLL
at a distance of 17 m apart as a time of flight measurement. Combining with the ∆E detector
and the magnetic rigidity setting, the secondary particles were clearly identified. The position
and direction of the incident particles on the target were determined by two position-sensitive
Parallel-Plate Avalanche Counter (PPAC) detectors with active area 80×80 mm2 and position
resolution about 1 mm in both X and Y directions. Fig. 2 shows a typical beam profile at the
two PPACs before the secondary target with the X position on the x-axis and Y position on the
y-axis. The scattered particles were detected after the secondary target with two silicon-detector
∆E-E telescopes. Each telescope consisted of a 150 µm thick double-sided silicon strip detector
with an active area of 48×48 mm2 as a ∆E detector and a 1500 µm thick silicon detector as
E detector. The silicon strip detectors were perpendicularly segmented into 48 strips on both
sides and the position resolution was 1 mm in both the vertical and horizontal directions.
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a) b)

Figure 2. The secondary beam profiles.

3. Data Analysis
Data analysis for the elastic scattering of unstable beams is not easy because of a large beam
spot and a larger angle of emission compared with stable beams.
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Figure 3. A typical particle identification spectrum.

The 7Be and 8B secondary beams were clearly separated in the TOF spectrum with the
RIBLL setting at an appropriate magnetic rigidity. The elastic scattering events were identified
with the ∆ E-E telescopes after the secondary target (see Fig. 3). The window in Fig. 3 shows
the 8B elastic scattering events and the other two bunches of 8B located at low energies are
due to the incident 8B beam hitting one or two of the tungsten wires in the PPACs before the
secondary target. Data normalization was obtained by assuming the 8B elastic scattering to be
purely Rutherford at very forward angles. The scattering angles are calculated event-by-event,
using the position information measured by the two PPACs in the beam line before the secondary
target and the double-sided silicon detectors after it. The secondary beam spot on the target
is almost a circle of 30 mm diameter and a non-uniform distribution. The angle of emission
of the secondary beam is also large. The differential cross section is difficult to obtain from a
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direct calculation of the solid angles of the strip detectors and the number of particles scattered
into the detector because the position and direction of the incident beam have to be taken into
account event-by-event. In order to evaluate the ratio of the elastic scattering to the Rutherford
cross section, a Monte Carlo simulation was used. The actual geometry of the detector setup
and the real beam distribution were taken into account in the simulation. Thus, the angular
distribution of the elastic scattering cross section is obtained as the following formula.

dσ(θ)

dσRuth(θ)
=

dσ(θ)exp
dΩ

dσ(θ)Ruth

dΩ

= C × N(θ)exp
N(θ)Ruth

(1)

where C is a normalization constant, which is a global normalization factor and determined by
supposing that the 7Be (8B) elastic scattering cross section is pure Rutherford scattering at very
forward angles. N(θ)exp and N(θ)Ruth are the yields at a given angle from the experiment and
the simulation respectively. This data extraction method does not require an accurate knowledge
of the number of incoming particles and the target thickness. Systematic errors arising from
calculation of the solid angles are avoided. Since the differential cross section is very sensitive
to the scattering angle θ and a small angular deviation may result in a significant error in the
measured elastic scattering cross section, a detector misalignment correction was applied, as in
some other elastic scattering experiments [26].

4. Results and Brief Discussion
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Figure 4. Angular distributions of 7Be (a) and 8B (b) elastic scattering from 208Pb (note the
linear cross section scale). The lines represent optical model fits. Error bars are statistical.

The experimental data for the elastic scattering angular distributions are shown in Fig. 4
for 7Be (left) and 8B (right) at centre of mass energies of 121 MeV and 164 MeV respectively.
The error bars shown in the figure are mainly statistical. A CNIP is clearly observed for both
projectiles.

Optical model fits were obtained using the searching version of the code FRESCO [27].
Woods-Saxon potentials were used, taking the global 7Li parameters of Cook [28] as a starting
point. Good fits were obtained simply by searching on V andW , the real and imaginary potential
depths. The potential parameters are given in Table 4, together with the total reaction cross
sections deduced from the optical model. As expected, the total reaction cross section for 8B is
larger than that for 7Be. However, what is unexpected is that it is only ∼ 5 % larger; given the
order of magnitude smaller breakup threshold for 8B compared to 7Be and the correspondingly
much larger expected breakup cross section (see e.g. [19]) it is at first sight surprising that the
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Table 1. Woods-Saxon potential parameters for the 7Be,8B + 208Pb elastic scattering plus the
corresponding total reaction cross sections.

Reaction system V rV aV W rW aW σR χ2/N
7Be+208Pb 114.2 1.286 0.853 12.4 1.739 0.809 3182 mb 1.05
8B+208Pb 165.2 1.286 0.853 14.7 1.739 0.809 3342 mb 0.156

difference is not greater. As it is, the two systems have total reaction cross sections that are
essentially identical within the likely uncertainties.

This apparently paradoxical behaviour could have several explanations. For incident energies
well above the Coulomb barrier—as here—nuclear structure influences on heavy-ion elastic
scattering might tend to be “washed out”. This could also explain the very similar elastic
scattering angular distributions; if anything, 8B may have the more pronounced CNIP, again
unexpected. The similar total reaction cross sections could also point to a much reduced total
fusion cross section for 8B compared to 7Be and/or an important contribution from transfer
reactions for 7Be. More detailed theoretical studies and further experimental data will be needed
to elucidate this question.
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