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Spin-orbit effects in the 8Li+’°Ni elastic scattering
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Abstract. In this work we present an elastic scattering angular distribution for the 8Li4+°®Ni
system measured at Ejap = 26.1 MeV. The 8Li beam was produced in the Radioactive Ion
Beams in Brasil (RIBRAS) facility using the “Li primary beam delivered by the 8-UD Pelletron
accelerator. The angular distribution covers the angular range from 20 to 85 degrees in the
center of mass frame. The data have been analysed by optical model and coupled channels
calculations, including couplings to low-lying states in ®Li and the spin-orbit interaction. Our
results indicate that the inclusion of the spin-orbit interaction in the calculations is important
to describe the data at backward angles.

1. Introduction.

A large research field was opened with the possibility of producing secondary beams of nuclei
out of the stability valley. Several facilities became operational all over the world making this
field one of the most active in the low energy nuclear physics domain [1-5]. In particular, in the
region of light nuclei there are several interesting phenomena to be explored [6-8]. Light nuclei, in
general, present cluster structure with low breakup energies for certain configurations. %7Li and
9Be are examples of stable weakly bound light nuclei with breakup energies of Ep,=1.47 MeV,
2.46 MeV and 1.67 MeV, for a + d, a + t and a + a + n configurations respectively. As one
goes always of the valley of stability, there are radioactive species, with relatively long half-lives
(=800 ms), and they have even lower breakup energies. Exotic structures such as neutron halos
can be found for instance in ®He (a+n+n; Ep,=0.975 MeV) and ''Li (YLi4+n+n; Ep,,=0.37 MeV)
among others.

Although ®Li("Li+n; Ep,=2.0 MeV) is not considered an exotic nuclei, its possible importance
to astrophysics has attracted some interest in the investigation of its structure. The synthesis
of heavy elements in stars has to overcome the A = 5 and 8 mass gaps for which there are
no stable elements. For A = 8, there are only two bound nuclei, 8Li and ®B. They are mirror
nuclei and have half-lives of 840 ms and 770 ms respectively, long enough to possibly affect the
nucleosynthesis in stars and in the primordial Universe [9-12]. For this reason, studies involving
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A = 8 nuclei are welcome since they can provide information of the interacting potential which
is an important ingredient in calculations of cross sections involving these nuclei [13].

Here, we present an angular distribution of the 8Li4+-?®Ni elastic scattering at 26.1 MeV, which
corresponds to an energy twice the Coulomb barrier for this system 1}, = 13.1 MeV [14, 15].
Analyses with optical model(OM) and coupled channels(CC) calculations were performed using
a double folding Sao Paulo potential (SPP) [16] and an important contribution of the spin-orbit
interaction was identified.

2. Experimental Setup.

The 28 MeV 7Li primary beam was delivered by the 8-UD Pelletron accelerator with an intensity
between 200 and 300 enA. The 8Li secondary radioactive ion beam was produced by the RIBRAS
system using the one neutron transfer reaction ?Be(7Li,®Li). The 8Li beam was selected and
focused by the first solenoid in the central scattering chamber. The intensity of the secondary
beam was around 2x10° pps (per 250 enA of primary beam) in the scattering chamber. To
compensate for the relatively low intensity of the radioactive ion beam, thick targets (in order
of mg/cm?) and large detection solid angles ~ 20 msr are usually applied. The thickness of the
%Ni and 97 Au targets were of 2.1 mg/cm? and 4.6 mg/cm?, respectively. The Gold target was
used to normalize the data and to obtain the absolute cross sections, assuming the 8Li+!%7Au
scattering as pure Rutherford, which is valid in the energy range of the present experiment.

The detection system consists of four AE-E telescopes formed by silicon surface barrier
detectors of AE=25 ym and E=1000 pum thickness.

A typical E-AE spectrum at 6, = 26° with Gold target is presented in figure 1. We
identify the ®Li peak as well as the contaminants of the secondary beam. The contaminants
are alphas, protons, deuterium, tritium and other particles such as the ?Be, recoiling from the
primary target, and “Li from the primary beam. A %He peak was identified as coming from the
9Be("Li,’He) reaction in the primary target.

Four ®Li+°8Ni angular distributions at 23.9 MeV, 26.1 MeV, 28.7 MeV, and 30.0 MeV
laboratory energies were measured. Figure 2 presents the 8Li + °®Ni distribution at 26.1 MeV.
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Figure 1. Typical bi-dimensional spectra obtained for 8Li+!?7Au system at ., = 26°.

3. Monte Carlo simulation.

Due to the large detection solid angles and the intrinsic angular divergence of the RIBRAS beam,
it is necessary to make a correction in the nominal detection angles. This was performed using
a Monte Carlo simulation code (RIBRAS) [17]. The simulation generates aleatory events inside
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the beam spot and in the detector, tracing the ray between them and obtaining the scattering
angle distribution of the events. It takes into account the angular divergence of the secondary
beam, angular straggling and the geometry of the slits of the detectors. A folding between
the Rutherford cross section and the angle distribution is performed to calculate the average
detection angle. Cross sections different from Rutherford can be used as well. As the elastic
cross section drops down quickly with angle, this correction causes a shift of the average angle to
the forward direction, being more important at forward angles. An example of the corrections
is shown in figure 2.
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Figure 2. The 8Li+%8Ni angular distribution with (black points) and without (white points)
angular correction performed using the (RIBRAS) simulation.

4. Analysis and Results.

In figure 3 we present the S8Li +°8Ni angular distribution compared with four different
calculations. The blue line is an Optical Model (OM) calculation using the SPP with N,=1
and N; =0.78. Usually the angular distributions for exotic projectiles such as °He exhibit more
absorption than optical model calculation with SPP and the calculations usually overestimate
the experimental data at backward angles. Here, the results show the opposite, SPP calculation
underestimates the experimental cross sections. This motivated us to consider different effects
that could be causing this enhancement with respect to the SPP calculations. One possibility
is the effect of the coupling to the first low lying 8Li excited states on the elastic distribution.
To estimate this effect we performed Coupled Channels (CC) calculations using the FRESCO
program [18], including the coupling to the first 17 (980 keV), second 3T (2.26 MeV) and third
17 (3.21 MeV) excited states of 8Li. Only nuclear excitation was considered with a deformation
length of do=1.75 fm [19]. The results of the CC calculations are shown as the green line in
figure 3 which is a little above the OM calculation (blue line), but not sufficient to explain the
data.

Another effect that could contribute to the enhancement of the cross sections comes from the
fact that our energy resolution is not sufficient to separate the first excited state of ¥Li(980 KeV)
from its ground-state. In this case a contamination from the inelastic excitation would be present
in the elastic peak (quasi-elastic scattering) causing an enhancement of the cross section. The
pink line in figure 3 corresponds to the sum of the inelastic and elastic cross section, obtained
from the CC calculation. We see that there is a small effect but not sufficient to explain all the
observed enhancement.

Finally, we considered the effect of the spin of the projectile in the calculation. The %78Li
isotope chain has, respectively, ground state spins of 17, 3/2~ and 2%, ®Li being the larger. Then
we included the effect of the spin-orbit interaction (S.0.) in the OM calculations. The red line
corresponds to the results of the calculations where the spin-orbit term was included. The form
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Figure 3. Angular distribution for 8Li+58Ni system measured at Ej,;,=26.1 MeV compared to
calculations, as described in the text.

factor of the spin-orbit term was taken as the derivative of an Woods-Saxon, whose parameters
are Vgs=1.96 MeV, ros=1.25 fm and ags=0.65 fm. The calculation were performed using the
FRESCO code and Vs was varied to best reproduce the data. The result is surprising and shows
that the effect of spin-orbit interaction explains the data with reasonable S.O. parameters. We
also performed calculations for ®7Li data but the spin-orbit interaction seems not to be as
important as in the 8Li case.

5. Conclusions

An elastic scattering angular distribution for the 8Li+?®Ni system is presented. The experimental
cross sections at backward angles show a considerable enhancement when compared to Optical
Model calculations using the Sao Paulo Potential. Coupled channels calculations were performed
to investigate the effect of the projectile excitation in the angular distribution. The results show
that the projectile quasi-elastic excitation gives little effect in the backward angular distribution,
not sufficient to explain the observed enhancement. The inclusion of the spin-orbit interaction
in the calculations can account for the observed enhancement.
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