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The synthesis of elements heavier than iron occurs primarily through the (n,y) reactions [1]. However,
processes of the “rapid” (r-) and “slow” (S-) radiative neutron capture cannot produce 35 proton-rich stable
nuclei known as the p-nuclei. The production of these chemical elements is referred to in astrophysics as
the p-process [2]. The description of the p-process mechanism is crucial for explaining the discrepancy
between observed and calculated abundances of chemical elements. A particularly large discrepancy is
observed in the region of the light p-nuclei, such as ****Mo and ****Ru. To explain these differences or
eliminate them, it is crucial to consider all possible channels of accumulation and decay of nuclei located
in the vicinity of the p-nuclei.

The observed lack of experimental data in the vicinity of the p-nuclei complicates calculations of the
abundance of chemical elements. Such calculations require reliable data on the cross sections and reaction
rates for approximately 20,000 reactions involving 2000 stable and radioactive isotopes. Furthermore, high-
quality experimental data are necessary to test various Hauser-Feshbach statistical model codes, such as
NON-SMOKER and TALYS.

Proton-induced reactions on the stable Zr (90, 91, 92, and 96) isotopes are poorly studied. It is worth
noting that the **Zr(p,y)’*Nb reaction has not yet been studied [3].

A series of measurements aimed at an experimental study of proton-induced reactions on stable **Zr has
been initiated, with the proton beam energies ranging from 1.5 to 6.1 MeV. For this purpose, thin self-
supported targets with isotopically enriched material **Zr (96%+), and accelerated protons delivered by the
6MV Tandem accelerator [4] at the Slovak University of Technology are used (see Fig. 1). The
measurements are performed using the activation method and offline y-ray spectroscopy.

The system for measuring the induced activity of irradiated **Zr targets consists of three coaxial HPGe
detectors and one BEGe detector,
all cooled to liquid nitrogen
temperature. The detectors are
positioned in a close geometry for
maximum detection efficiency.

The *°Nb nuclei are produced
via the **Zr(p,y) reaction, in both
the ground and metastable states.
The **™Nb metastable state with a
half-life Ty, of 86.6 h decays to
the unstable **Nb ground state
via internal transition with a
branching ratio p of 94.4%. The
unstable ground state *$Nb with a
half-life T, of 34.975 days
decays to excited levels of the
%Mo nucleus via the f~ decay. In
our study of the **Zr(p,y)”™ENb
reaction, we measured the

Fig. 1. The 6.0 MV coaxial High-Current Tandetron™ Cockroft-
Walton type accelerator at the Advanced Technologies Research
Institute (ATRI) of the Faculty of Material Science and Technology
of the Slovak University of Technology in Trnava, Slovakia.
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Fig. 2. Spectrum of y rays measured by the set of HPGe and BEGe detectors afier irradiation of a 2
mg/em? thick “Zr target. Irradiation was performed with a 6.1 MeV proton beam. Data was collected
Jor 3 hours after a 1-hour cooling period. In the spectrum, peaks corresponding to the decay of the
reaction products and the natural background (BG) cain be seei..

activity for y transitions with energies of 235.7 keV (I, = 24.8%) and 765.8 keV (I, = 99.808%) to identify
the decays of the isomeric and ground states, respectively. Nuclear spectroscopy data were taken from [6].

The first measurements were conducted at a proton beam energy of 6.1 MeV. The measured spectrum
of the induced activity of a **Zr target with a thickness of 2 mg/cm? is shown in Fig. 2. The figure shows
peaks corresponding to the decay of reaction products formed on **Zr and on other stable Zr isotopes
(contamination less than 4%), as well as peaks of the natural background radiation (BG).

Preliminary results for the cross section and isomer ratio were obtained at a proton beam energy of
6.1 MeV as a proof of concept of the selected methodology. Set of measurements is already planned, as
well as analysis of the obtained results within the framework of theoretical predictions for various level
density models, photon strength functions, and optical model potentials from the code (calculations in the
TALYS code [5]).

These data are very important for understanding the mechanism of the astrophysical p-process, for
developing and analyzing modern theoretical predictions, and conducting future experiments. Any
contribution to such research is extremely important. Experimental data of cross sections and isomer ratios
for this reaction will be obtained for the first time.
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