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During ten years at the Kyiv tandem EGP-10K beam of accelerated hydrogen ions was used extensively in the 

inclusive and exclusive experiments with scattering and nuclear reactions on different nuclei. Charged particles 
(protons, deuterons, 4He), γ-quanta and neutrons were registered in the outgoing channels of the studied nuclear 
processes. This required to use of different methods of radiation spectrometry. The most used (ΔE × E)-method for 
spectrometry of charged particles and the time-of-flight method for registration and the separation of neutrons and γ-
rays. The current need of the algorithm universalization for measurement and data processing was led to the 
development, installation and use of computerized multiparameter setup that was used successfully in this time in the 
beam experiments. This paper discusses the results of the facility modernization in accordance with the development of 
digital technology, above all, communication devices for measuring apparatus and control computer, and related 
changes and improves of the operating systems and software for data processing.   

 
1. Introduction 

 
The authors have long experience of preparing and using various methods for the spectrometry analysis of the 

nuclear interaction products in inclusive and exclusive experiments with of the low energy accelerator beams [1 - 4]. 
Many years ago the possibility of such methods to register and accumulate the experimental data was limited on very 
small volumes of "memory" devices and accompanying devices - from counters and analyzers to disk drives of the 
small electronic computers. This required developing of the complex and bulky electronic equipment for pre-selection 
and sorting signals from using detectors. But this in turn was one of the driving levers of the digital technology 
revolutions, which helped improve the quality of the nuclear-physics experiments due to miniaturization, 
multichannelity, manyparametries of measuring collect data systems. These processes are closely associated with 
computerization support nuclear-physical experiments based on its hardware unification and soft universalization for 
the accumulation and sorting of data and processing and analyzing the results. In this paper, we are talking about using 
of the any interface instrumentations with control computer and comparison of the some base characteristics and their 
impact on the quality of the experiment and results. 

 
2. Experimental procedure 

 
2.1. Measuring methods 

 
The aim of this work was to compare the performance capabilities, characteristics and their impact on the results for 

several variants used systems of accumulation. A telescope of two silicon semiconductor detectors of charged particles 
was used as a radiation detector. It consisted of ΔE-detector with 18 microns thick and E-detector thickness of 
200 microns. Traditional block diagram for processing signals of the detector consists of two "lines" of electronic 
blocks, each of which includes a preamplifier, main amplifier and a differential discriminator for adjusting of the up and 
down levels of signal registration from each detector. There are organized the "slow" (within microseconds) pulses 
coincidences as letting signal (strobe) for linear "gate", which provide two-parameter identification of the registered 
charged particle variety with simultaneous determination of its energy. These three signals - two analog, as a amplitude 
range for energy spectrum of registered particles and one logical (in this case – from the slow coincidence circuit) 
which can be as detector number (in this case - the telescope) or the coincidence range (double, triple...) – are entering 
and digitizing in CAMAC-crate, and then are sent to the administrator computer to collect statistical information (with 
the possible pre-visualization in the on-line control of initial measurement conditions). There is using after 
measurement stopping the off-line sorting of an all final volume of accumulated information and its subsequent 
processing and analysis by using of the chosen algorithm. Those options for communication of the recording electronics 
and a control computer were compared in this paper.  

CAMAC-crate controller FK4410-1 (Vilnius) was used most widely in experiments on the accelerator beams at the 
Institute for Nuclear Research in last time. This is combined with a control computer by through connection fee, which 
was designed and manufactured in our institute. It should be recalled that originally the all referred equipment was used 
in measuring-computing complex based on small computer machines: M6000, CM-2, -4, -1420 - Soviet counterpart of 
the famous PDP-brand. And then the algorithm and appropriate ASSEMBLER-software have been developed for 
support of the universal multichannel measuring techniques, which used for accumulation of the multiparameter 
spectrometric information on the variety and energy products, which are registered the study of nuclear interactions. 
Objectively, this was a necessary transitional stage for widespread use of new generation of digital technology - 
personal computers. 
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Fig. 1. Electronic of the EGP-10K measuring complex. 
 

Fig. 2. Single USB-ADC. 
 

Gained previous experience has sufficiently quickly 
used with new technology. Existing software, primarily 
interfaces for control of the experiment and processing of 
collected data, were processed under DOS-shell [5]. 
There was using namely this technique to provide 
support experiments on the accelerator beam for over ten 
years. This Figure illustrates the hardware components of 
the measuring complex: in Fig. 1, a – low level 
equipment for receiving and processing pulses from 
working detectors and in Fig. 1, b – blocks in the 
standard CAMAC for digitizing and connection with 
managing personal computer.  

Explosive development of digital technology and 
computers, "unlimited" speed and memory resources, the 
objective necessity of universalization and even 
informational and methodological globalization require 
continuous "tracking" and modernization of using 
methods. In our case, it was could to realize the transition 
to computer-support the above mentioned measuring 
methods under modern Windows-shell based on new 
digital devices. For logic statement must begin with a 
new CAMAC-crate controller CC02 [6]. This device, 
which was developed at the Kharkov National 
University, provides the accumulation of digitized analog 
information in the 4096 channels range. Control interface 
is designed and operates under the Windows-shell by 

using common software package National Instruments LabVIEW. The exit file after processing under Compaq Fortran 
converted to text format, suitable for processing in standard packages (Excel, Origin, etc.). The results with CC02 
controller were shown in previous work [7]. The following steps have been taken already on modernizing the system of 
accumulation. Through information available in the global network it was found ready spectrometric analog-digital 
converter on 4096 channels with USB bus powered (4L-SATSP-USB), which connected through USB-port into a 
personal computer. With added software (driver ADC and convenient "friendly" interface), this small device weight of 
300 g (Fig. 2) completely replaces the above installation (see Fig. 1) in using for the accumulation of one-dimensional 
spectra. Finally, a decisive step to «Windows»-modernization of multiparameter accumulation technique now was 
made. We launched in collaboration with Dubna colleagues two-parameter ADC controller (pci2_m1k), which through 
PCI card slot is compatible with PC under the chosen version of Windows. This PCI card (“a” in Fig. 3) has three 
LEMO-inputs (“b” Fig. 3) for two spectral signals and one for control signals (strobe). So just this device could used to 
above without cumbersome intermediate equipment.  

Within the preparing frame-up to measurements on the beam accelerator were carried out measuring of the 226Ra-
decay α-particles spectra with (ΔE × E)-telescope of two silicon detectors in one- and two-dimensional mode using new 
devices, when running together with the accumulation on the traditional measuring installation (let us use for it the 
name “DOS-acquisition”). 

 

Fig. 3. Two-parameter ADC controller. 
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2.2. Results and discussion 
 
In Fig. 4 shows a screen-shot measurement interface, which running in the method DOS-acquisition. It is given the 

number parameters (ADC) from 1 to 5, the code (number) detector or a combination of the registrated coincidences, 
options of visualization for collected data, and last, number of parameter (specific range) in one-dimensional variant 
(Fig. 5) or two for two-dimensional imaging mode (Fig. 6). File results after sorting and processing in the off-line mode 
the accumulated statistics special DOS-program reformats a text file, suitable for common applications handling 
numeric arrays - Excel, Origin, etc. 

 

 

Fig. 4. Measurement interface 
in the method DOS-acquisition. 

 

Fig. 5. Data visualization in one-dimensional variant. 

 

Fig. 6. Data visualization in two-dimensional variant. Fig. 7. Windows-interface 
for one-dimensional USB-ADC. 
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Fig. 8. Windows-interface 
for two-dimensional USB-ADC. 

 

Fig. 9. Text format result in Excel. 
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In Fig. 7 submitted the screen-shot Windows-interface management and measurement using one-dimensional 
USB-ADC. In the conventional view, there are the available Windows shell options, which determine the start (stop) and 
the time length of exposure, selection of threshold check in the spectrum and so on Also available conventional options of 
opening a new file and its saving in text format for reading (download) accumulated and saved the file. Finally, in Fig. 8 
represented the result of accumulation of two-parameter range of α-particle decay of 226Ra using two-dimensional ADC. 
On one axis (input) was given spectrum of the "fine" detector, and on the second axis (second input) - from thick detector 
(range up to full stopping of charged particles). Digitized file of the accumulated statistical information consists of "words" 
with three numbers - the channel number on the axis "X", the channel number on the axis of «Y» and the number of counts 
on the axis of «Z». With the help of FORTRAN-program in the standard package Visual Compaq this source file is 
converted to a text table, available in any Windows-applications. Below are the results of off-line processing (sorting and 
reformatting) using accumulated statistical information for the above three methods of obtaining data.  

DOS-acquisition: Numerical result is only available in one-dimensional version. Therefore, processing must end for 
the two-dimensional information (see Fig. 6) by selection of area of the two-dimensional plane and its projection 
(summation statistics) on the selected axis to get the final one-dimensional spectrum, which is presented in Fig. 5.  

One-dimensional USB-ADC: In Fig. 7 provides accumulated using this device range. The signals were presented on 
different devices from a single analog breeder and were blocked for simultaneous start (and stop) one and the same 
strobe. Then those are saved in text format result by importing data, which are introducing in Excel (Fig. 9). The 
principal is the coincidence of the amounts of statistical information in the accumulated spectra in different acquisition 
systems.  

 

 

Fig. 10. Spectrum of 226Ra α-particles. 
 

Fig. 11. Two-dimensional spectrum. 
 
Two-dimensional PCI-ADC: For illustrative purposes, if in the two-dimensional mode on two inputs is one the same 

signal, we get on a plane two-dimensional statistical data accumulated diagonal, which in the projection on any axis will 
give one dimensional spectrum, registered elected (on both axis) detector. In Fig. 10 shows the accumulated two-
dimensional spectrum. Data obtained for single "thick" detector for 226Ra α- particle (with four "passport" energy: 7687, 
6002, 5490 and for the two telescope detectors 4599 keV). In Fig. 11 represented by two-dimensional spectrum for the 
two telescope detectors (see Fig. 8) after offline processing and exporting the exit text file into standard Origin code. It 
remains to recall the difference in the "hardware" between these two options by Figs. 1 and 3. 

 
3. Conclusions 

 
The results demonstrate the adequacy of selected procedures accumulation and sort of experimental data in low 

beam accelerator energies. Created opportunities experiment control on the present level to universalize used methods 
to obtain and process data based on current and unified devices and software. 

 
ACKNOWLEDGMENTS 

 
The authors would like to thank P. A. Iordanskij (Dubna, Russia) for the given digital blocks and related software. 
 
Work performed with financial support in the target program, NAS of Ukraine. 
 

REFERENCES 
 

1. Дряпаченко І.П., Можжухін Е.М. Розсіяння та реакції пучків протонів та дейтронів з енергією 1.6 - 7.3 МеВ 
київського тандему ЕГП-10К // Ядерні та радіаційні технології. - 2004. - Т. 4, №2. - С. 76. 

2. Zadro M., Di Pietro A., Figuera P. et al. Stopping power of helium gas for ions from 2 to 31 MeV // Nuclear 



 

621 

Instruments and Methods in Physics Research. - 2007. - Vol. B259. - P. 836. 
3. Dryapachenko I., Mozhzhukhin E., Salo V., Voronov O. Accelerator Beam Method for Fast Neutron Scintillation 

Tests // LUMDETR 2009 (Krakow, Poland, 12 - 17 July, 2009): Book of Abstracts. - P. 307. 
4. Павленко Ю.Н., Теренецкий К.О., Вербицкий В.П. и др. Подбаръерное взаимодействие дейтронов с ядрами 

58,62Ni // 61 Междунар. конф. по проблемам ядерной спектроскопии и структуре атомного ядра «Ядро-2011» 
(Саров, Россия, 10 - 14 окт. 2011 г.) - С. 79. 

5. Павленко Ю.М., Кива В.О., Коломієць І.М. та ін. Методика багато параметричних кореляційних вимірювань 
для досліджень ядерних реакцій // Зб. наук. праць Ін-ту ядерних досл. - 2005. - № 2(15). - С. 151. 

6. Ляшенко В.Н., Турчин А.А., Перминов А.И., Рева С.Н. Контролер крейда СС02: Руководство пользователя / 
Лаборатория интеллектуальных электронных систем, кафедра электроники и управляющих систем 
Национального университета им. В.Н. Кармазина. - Харьков, 2006. - 70 с. 

7. Дряпаченко І.П., Ковтун В.С., Можжухін Е.М. та ін. Оновлення методик вимірювань на пучку тандем-
генератора ЕГП-10К з використанням цифрової техніки // Ядерна фізика та енергетика. - 2012. - Т. 13, № 2. - 
С. 203. 


