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Injection of high-power atomic beams is widely used in controlled fusion experiments to heat plasma and maintain current. In some cases, the injection of beams from a mixture of deuterium and hydrogen is of great interest [1].
This paper describes experiments on obtaining a powerful atomic beam from a mixture of hydrogen and deuterium with an arbitrary set ratio of isotopes. Direct measurement of the content of each isotope in a mixed beam is a rather complex task. Therefore, it is very tempting to measure the isotope content using a simple non-contact method of Doppler beam spectroscopy. This paper analyzes these possibilities and discusses the results of corresponding experiments with a high-power hydrogen-deuterium beam.
The beam of an ion source operating on a mixture of isotopes, along with hydrogen ions H+, H2+, H3+, H2O+ and deuterium D+, D2+, D3+, D2O+, the new hybrid ions HD+, H2D+, HD2+ and HDO+ present. Accordingly, after neutralization and dissociation of molecular ions in the gas target of the injector, which is usually the case in the practice of obtaining atomic beams for controlled fusion purposes, the radiation of the beam is a set of Doppler shifted lines (H,D)α groups of particles with different velocities. In addition, the deuterium lines have an additional isotopic shift, which for the Ha-Da pair is about 1.72 Å.
In the primary ion beam, there are 12 varieties of ions, which in the observed region of the spectrum correspond to 16 radiation lines. It is shown that the spectrum can be reduced to 12 completely resolvable lines – 6 lines each in the hydrogen and deuterium parts of the spectrum. Note that is easier to separate the peaks of a slow heavy impurity when observing "after", when the isotope shift and Doppler shift are combined. This is quite possible even for a low-energy beam (15 keV).
When analyzing the obtained spectra, we used a procedure for calculating the content of molecular fractions in the beam, similar to the standard one, see, for example, [2]. The presence of new lines due to the contribution of new ion varieties was taken into account and corresponding conversion coefficients were introduced. In addition to the beam fractions with energies E, E/2, E / 3, E / 18 for hydrogen and E, E / 2, E/3, E/10 for deuterium, it is necessary to take into account the fractions E/4, E/5 and (E/18+E/19) for the hydrogen part of the spectrum and the fractions 2E/3, 2E/5 and (2E/19+E/10) for the deuterium part.
Of particular interest in the spectrum of a mixed beam are the emission lines of half-energy hydrogen and full-energy deuterium. For these lines, the cross-sections of the processes that determine their intensity are the same, and there is no contribution from processes involving hybrid ions, and, what is the best part, having the same Doppler shift, these lines are resolvable, due to the isotope shift. This makes it possible to measure the ratio of isotopes in the ion source beam, if the compositions of molecular fractions in mono-isotope beams are known. The results of measurements of the isotope ratio are compared with measurements of the neutron yield of the DD reaction.
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