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» Natural oxygen (99.762% 190, 0.0367% 1’0, 0.2013% 130) is a highly abundant, extremely
reactive non-metal ---> It can easily penetrate or diffuse deeply inside several matrices

> Its accurate depth profiling in various samples is of paramount importance, especially in
the semiconductor industry, or in biological, geological, cultural heritage materials and
superconductors ---> IBA techniques used: ToF-ERDA, a-, p- or d-EBS, d-NRA

» What about higher depths? Expressed need for evaluated p-EBS differential cross sections
up to 6 MeV for the main light elements! What are the problems?

> In collaboration with Alexander Gurbich: Evaluated data for carbon (7 MeV) and nitrogen
(~¥6 MeV - currently in progress)

» Current situation for oxygen: Evaluated + benchmarked differential cross sections up to ~4
MeV ---> Lack of datasets - Need for further investigation (experimental + theoretical)!
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» Why is there such a lack of experimental data (only by Harris et al and Jarmie et al)?

Problems: (a) In the past not so many Tandem accelerators > 3 MV
(b) Danger of neutron emission from surrounding materials! Creation of long-

lived activated isotopes from medium mass nuclei...
(c) Many resonances affect the

differential cross section (only 4 v N E (keV)
for Ep < 4.08 MeV) ---> Tedious R %:é “O(pa) N
= | 712" [312° 5488
measurements — small energy step! - n
Minor (theoretical) advantages: - =
Predominant resonant mechanism, 512 3857
practically only one particle
channel for Ep<5.5 MeV, p+1°0
competition only with (p,y)! TQ:&)O_Z? .
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Experimental setup
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i : » Accelerator energy calibration with narrow
> E 1.,=4-6 MeV, energy step: 5-15 keV 4% ) :
strong resonances: e.g. E  .,~992 keV,

» | (on target) < 200 nA 27Al(p,y), F=110 eV



» High-precision (0.1°) goniometer with two rotating tables

> 6 SSB detectors (energy resolution ~10 keV, 500 um in thickness, set from 120° to 170°, every
10° - Variable distance from the target, ~10 cm

» Aluminum cylindrical tubes for background reduction (scattering from chamber walls and/or
Faraday cup)

» Vertical slits to reduce the angular uncertainty to ~1°
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Target
Proton beam
> 197Au Na:HPOg4 12C
/ 3
Ultra thin Au layer
Disodium phosphate target

» Analysis with SIMNRA using evaluated data for E
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o,lab=2-3-3.9 MeV — Minor 14N contamination

from the evaporation process, statistical error ~¥2%, lateral inhomogeneities ~5%
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Methodology — The relative measurement technique
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* E = Corrected energy at the surface of the target after the accelerator calibration, E’ = Energy
at the middle of the O target thickness

* Target thickness ratio
e Ratio of the experimental yields (integrated peaks)
Statistical errors: Generally very low, < 5%

Systematic errors (estimated ~7%): Include stopping power uncertainties, background
determination, evaluated differential cross-section data uncertainties
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Results
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Structure dominated by resonances

Strong angular dependence (very small
relatively invariant energy regions)

Error in energy ~6 keV (including
energy ripple and straggling) not
visible due to the adopted scale

How large are the differential cross-
section values?
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» Deviations up to 35%
» Energy shift of 22 keV and 50 keV at 120° and 130° respectively
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» Deviations up to 20%
» Energy shift of 45 keV at 150°
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Reduced deviations - up to max 20%, no energy shift!
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Theoretical investigation — First evaluation approach

> In the pioneer work of Alexander Gurbich in 1997, a combination of OMP phases and S-
matrix was implemented up to E_,.,=4080 keV ---> Alternative approach: Hard-sphere R-
matrix

p,lab

» AZURE: A publicly available R-matrix code (hard sphere, multi-level, multi-channel
approach), widely used in nuclear astrophysics, also successfully implemented in IBA

> 12 energy levels of the compound nucleus ’F were included in the calculations for
E, 1.,=600-6000 keV with relatively small deviations from the literature values (with two
exceptions, the level at E, = 5804 keV, where I,z = 59 keV while I',;; = 180 keV, and the
addition of a virtual level at higher energies, > 6 MeV)

» Successful reproduction of the current evaluation — extension to higher energies up to 6
MeV (even with only two experimental datasets)
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Conclusions and future perspectlves

» New experimental differential cross-section datasets for proton elastic scattering on
oxygen for E =4-6 MeV (with a small energy step), at 120°-170° (every 10°)

» Theoretical reproduction of the existing evaluation using the AZURE R-matrix code up to
E,=4.08 MeV

» Tentative extension of the evaluation up to E ;=6 MeV (despite the existing difficulties) -
Theoretical differential cross-section datasets available upon demand for any intermediate
angle and with any energy step

» Benchmarking results from an independent lab urgently needed for the fine-tuning of the
R-matrix parameters! Suggested procedure: Thick target spectra using a heavy metal oxide
(e.g. WO,) or a gas target, taken every 100-150 keV in the energy range 4-6 MeV (preferably
at 3 detector angles)
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