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1 Abstract

This work investigates resonances, focusing on selection criteria for registration, a methodology for de-

termining the number of events, and numerical characteristics of their outputs. The study provides

insights into the properties and behavior of �++ resonances through rigorous analysis and experimental

techniques. The established selection criteria ensure accurate registration, and the methodology out-

lines further research. Numerical characteristics shed light on their behavior and potential applications.

Additionally, the demonstrated method for predicting the resonance process on hydrogen.
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2 Introduction

Neutrinos are among the most abundant particles in the universe, and yet we still know relatively little

about their properties. By studying neutrinos in greater detail, we can deepen our understanding of the

fundamental nature of matter and the universe.

Neutrinos have some unique properties that make them difficult to detect and study. For example,

they interact very weakly with matter and can pass through vast amounts of material without being

absorbed or scattered. Neutrinos play an important role in astrophysics, as they are produced in large

numbers by processes such as nuclear fusion in the sun and supernova explosions. By studying neutrinos

from these sources, we can learn more about the inner workings of stars and other astrophysical objects.

Neutrinos have been implicated in a number of unsolved puzzles in physics, such as the origin of the

matter-antimatter asymmetry in the universe and the nature of dark matter. By studying neutrinos in

greater detail, we may be able to shed light on these mysteries.

The T2K experiment in Japan has recently published new results that suggest a discrepancy between

the behavior of neutrinos and antineutrinos, which could be an indication of new physics beyond the

Standard Model[1].

The MINOS+ and Daya Bay experiments have made precise measurements of the mixing angle that

governs the oscillation of neutrinos between different flavors, confirming the previous measurements by

other experiments[2].

The IceCube experiment at the South Pole has detected a high-energy neutrino that appears to have

originated outside of our galaxy, providing new insights into the sources and properties of these elusive

particles[3].

Despite the large number of neutrino experiments currently in progress, the need for new ones cannot

be denied. Firstly, with the improvement of technology, we can reach new capacities and work with a

large amount of data. Secondly, check and confirm the hypotheses put forward earlier, as well as agree on

the results of previous experiments. One of the upcoming and promising experiments is the experiment

DUNE[4].

2.1 DUNE experiment

The Deep Underground Neutrino Experiment (DUNE) is a planned experiment to study muon neutrino

oscillations into other types of neutrinos. The start of work is planned for the end-2020s. The Joint Insti-

tute for Nuclear Research and the laboratories representing it are direct participants in this experiment

and take an active part in the development and improvement of technical and experimental methods.

It will use the neutrino beam generated by the proton accelerator at the Fermilab laboratory. Then

the properties of this neutrino beam will be studied by two complexes neutrino detectors: a near one,

also located at Fermilab, and a far one, located at a distance of 1300 km at the Sanford Laboratory. The

objectives of the experiment are: to study the mass hierarchy of the three neutrino states; study of the

mechanism by which neutrinos acquire mass; search for manifestations of violation of CP invariance.
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One of the main advantages of the experiment is the number of recorded events. As discussed earlier,

a neutrino-weakly interacting particle, but due to special technical solutions and the design of detectors,

in this experiment will be fixed up to 5:5 � 106 charge current events per year.Such a number of events

is an order of magnitude greater than in previous experiments and will make it possible to observe rare

processes

Overall, the DUNE experiment is an important step forward in our quest to understand the nature

of the universe and the fundamental building blocks of matter.

Figure 1: Neutrino production associated with DUNE

2.2 Near detector design

Figure 2: Near detector design

The DUNE near detector will be situated on the Fermilab site, downstream of LBNF, approximately

600 meters away from the point of neutrino production[5]. It consists of several detectors that will be

positioned side by side. One of these detector (SAND) will be installed along the neutrino beam axis,

while the others (NDLAr and NDGar) will be movable and can be shifted in a direction perpendicular

to the beam to detect neutrinos produced at different angles.
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