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∗Present address: CEA Irfu, Université Paris-Saclay, F-91191 Gif-sur-Yvette, France

E-mail: gkaur.phy@gmail.com

Abstract.
The resonant scattering of 10B+p reaction was measured at θc.m.= 180◦, 170◦, 160◦, 150◦ and

140◦ using a 35.93 MeV 10B beam to investigate the spectroscopy of 11C with the thick target
inverse kinematic method at RIBRAS facility, IFUSP, São Paulo. Influence of the stopping
power uncertainty on the resonant scattering cross section values for 11C in the 10B(p, p)10B
reaction is shown. The data measured for the reaction channels p(10B,α) and p(10B,3He) is also
presented. Interestingly, the cross sections for the 3He channel are observed upto 2 MeV below
the lowest energy measurement available in literature.

1. Introduction
Resonant reactions measured in direct kinematics are among the oldest methods [1] that have
allowed extensive studies to establish the low-lying states with well-defined energies, spins, and
parities for stable light nuclei. However, many discrepancies exist in the reported values for
excitation energies and there is a lack of spin-parity assignment for the resonances in near-
threshold systems, in particular, for light nuclei like 11C. A recent low energy experiment in
forward kinematics using a proton beam on enriched 10B is reported in Ref. [2], where the
most backward angle measured is at θcm= 170◦. A systematic analysis of these data using the
R-matrix formalism [3] was recently performed by Wiescher et al. [4], showing two dominant
resonances at the Ex = 10.08 (7/2+) and 10.68 (9/2+) MeV in 11C. However, the level density
of 11C, above the proton threshold, starts to increase rapidly and the levels are described by
large particle widths of the order hundreds of keV. This has made mapping the level scheme of
11C quite challenging and the level properties above E*= 11 MeV are particularly uncertain.
The extra data obtained with different mechanism such as inverse kinematics would help to
improve the determination of the spectroscopic information on the levels. While the inverse
kinematic measurements cannot compete with the classical direct kinematic approach in terms
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of energy resolution, it can provide the systematic excitation functions with better normalization
and better extraction of contaminants. Also, resonances may be more pronounced at θcm= 180◦

and cannot be measured in forward kinematics approach. Also, this technique carries with
it a different set of systematic uncertainties. The resonant elastic scattering for the 10B+p
reaction was performed using the Thick Target in Inverse Kinematics (TTIK) technique [5, 6].
The experiment was conducted with the RIBRAS facility at IFUSP [7] and the results for
the 10B(p, p)10B reaction channel were recently published in ref. [8] along with the R-matrix
calculations using the code Azure2 [3].

2. Results and Conclusions
To convert the proton kinetic energy to center of mass energy, the proton energy loss must be
correctly considered. In our recent work [8], we used the LISE++ code [9] for the stopping
power calculations. Also the cross section is very sensitive to the stopping power. Ref. [10]
showed that the uncertainty in the stopping power can be 5% to 20% for light to heavy ions,
and can affect the shape of the cross-section. We have investigated the sensitivity of the energy
spectra to the stopping power. For this, we performed the analysis with an increase in the value
of energy loss calculated by LISE++. As we have used the thick target method, we have made
a check on both the Eloss for 10B (before reaction point) and the Eloss for the recoil proton in
the target after the reaction, separately. The considered value was increased by 50% and we
observed that it has negligible influence on the cross section structure as shown in the figure 1.
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Figure 1. Comparison of spectra measured at θcm= 180◦ for different energy losses in target.

In our publication [8], the detailed analysis of the 10B(p, p)10B reaction channel was
reported. However, besides elastic scattering, other reactions channels such as p(10B,α)7Be and
p(10B,3He)8Be were also measured. The corresponding excitation functions (energy spectra) for
these channels are presented in figure 2 and 3, respectively. The reaction Q-values for α and
3He are +1.1457 and -0.5332, respectively.

One of the main advantages of the present measurement, in comparison with backscattering
in forward kinematic, is the online beam intensity readout. In the experiment we have used
scattered 10B beam impinging on a plastic target. The proportionality of the readout of 10B
beam from the Faraday cup and the scattered 10B beam, refocused on the plastic target, was kept
practically constant during the experiment. This allows us to precisely measure the intensity
of the incident beam, hence, reducing the error in the extracted excitation function. The
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Figure 2. Excitation function for the alpha particles from p(10B,α)7Be measured at indicated
angles in inverse kinematic (background contribution has been removed).
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Figure 3. Similar to Figure 2 but for 3He particles from the p(10B,3He)8Be reaction.

background contribution of protons from the reaction of 10B with the carbon nucleus, also
present in the plastic target, is perfectly removed through separate measurements with a pure
12C target using the same 10B beam under the same experimental conditions.

The particle threshold for the p(10B,3He)8Be reaction is at Ep = 590 keV although in ref.
[11] it was observed that the lowest energy measurements do not begin until Ep ≈ 4.0 MeV. The
penetrability arguments, and the lack of experimentally observed lower energy yields, suggest this
reaction remains weak up to these higher energies. The (p,3He) reaction has weak resonances in
strong contrast to the (p,α) reaction. In the ref. [11], it is also reported that excitation functions
do pass through slight maxima at similar energies to those present in the (p,α) reaction.

It is interesting to point that in the present measurement we have observed 3He particles up
to 2 MeV, thus below Ep =4.0 MeV (where Ep =4.0 MeV is equal to Ec.m. =3.6 MeV). However,
there is a shift in the measured spectra at different angles that may be due to uncertainties in
energy loss correction for 3He that do not have a well define edge to be considered.

In the near future, we will perform the R-matix calculations for the 10B(p,3He) and 10B(p,α)
reactions to extract more information on resonance properties of 11C near threshold.
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