Abstract

Experimental study of nuclear fusion reactions in a ptµ system
Experiment “TRITON”
The goal of the project is to study the reactions of fusion of proton and tritium nuclei catalyzed by negative muons. To search the pt-fusion within the ptμ muonic molecule, the methods developed under solutions of experimental problems of muon catalyzed fusion are proposed. Earlier this phenomenon of considerable interest for nuclear physics was investigated in the PSI experiment (1993) occurring in a triple hydrogen isotope mixture, but the experimental data on the yields of the pt-reaction products partially either contradict modern theory or are absent. Within the framework of this project, an experiment was performed in 2016 using the TRITON installation at JINR (Dubna, Russia). A created specially liquid-tritium target (ZhTM) with a volume of 50 c.c., filled with a liquid hydrogen-tritium H/T mixture (1% T and 0.1% T), was exposed to a beam of negative muons (104 s-1, 100 MeV/c) from the JINR Phasotron. The experiment uses a highly effective detection system containing two gamma-detectors and ensuring reliable registration, as well as identification of pt-reaction products under the different relative geometry of target and detectors. In our three experimental runs with a total duration of 300 hours the pairs of electron-positron (e+e-) and gamma-gamma (γγ) pairs in the output channels of pt-fusion reactions were detected, which were not observed in other previous experiments either "in-flight" (beam-target), or in ptμ-molecules. In addition, the measured data of the yields of γ- and μ- channels of pt-fusion are in good agreement with the results of the experiment in PSI, for which there was a significant discrepancy with the theory.

 

Further analysis of the experimental data is planned by use a computer program package developed on the basis of the Monte Carlo method to describe the kinetics of muon catalysis in a hydrogen-tritium H/T mixture. In order to determine the efficiency of detection equipment and the adequacy of theoretical models to the results of experimental measurements, the simulation of physical processes will be performed taking into account the actual geometry of the experiment. As a result of the analysis of the time and energy experimental spectra, the yields of pt-fusion products (for the first time for the e+e- pairs and the γγ pairs) will be found with accuracy not worse than ~ 10%, which will allow determining the nuclear reaction constants for M1 and E0 transitions in the system A = 4 of four strong interacting particles.
Project TRITON was recommended by 33 Session of JINR PAC for nuclear physics 20-21 January 2011 with high priority.
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