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The semi-digital spectrometric system for positron spectroscopy
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Positron spectroscopy (PS) methods are the most promising for controlling the defect
structure of hydrogen containing systems due to high sensitivity and the ability to determine
the type of defects and concentration. However, despite the potential capabilities of PS
methods, their use is severely limited due to the low counting rate and the lack of techniques
for decoding and interpreting the data, especially for metal-hydrogen systems.
To study the evolution of the defect structure of metals and alloys upon hydrogen
saturation, a completely digital spectrometric complex has been developed in which the
methods of positron lifetime spectrometry and the coincidence analysis of the Doppler
broadening of the annihilation line are integrated [1,2]. The main disadvantage of a fully
digital spectrometric channel is the presence of a large number of background events in the
spectrum, which significantly increases the size of the received file (up to 3 TB) and increases
processing time (several tens of hours).
To eliminate this drawback, external trigger (ET) systems are developed for each
module. The external circuit carries out preliminary selection of signals and forms a control
pulse, which then arrives at the trigger of the digitizer trigger. Thus, the digitizer performs
further processing of only "useful" signals. The disadvantage of such systems is that
additional devices (amplifiers, discriminators, coincidence circuit, etc.) that complicate the
setup and operation of the spectrometer and also increase its cost are required for preliminary
selection. The use of external synchronization systems reduces the rate of signal collection,
but increases the efficiency of their processing.
The use of analog devices in the digital spectrometric complex slightly increases the
cost of the complex and makes it difficult to configure, but it allows to significantly improve
its characteristics. A semi-digital complex of positron spectroscopy with an external
synchronization system based on the positron lifetime spectrometry modules and coincidence
Doppler broadening spectrometry (CDBS) has the following technical characteristics using a
positron source based on the 44Ti isotope with the activity of 0.91 MBq:
• the time resolution of the digital lifetime module is 170 ± 7 ps, the counting rate (90
± 30) s/s
• The energy resolution of the CDBS module is (1.16 ± 0.03) keV, the counting rate
(116 ± 15) ss / s.
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