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Abstract—The description and technical characteristics of the gamma-spectrometer installation for the
detection of cosmic rays, as designed at the Dolgoprudny scientific station of the Lebedev Physical Institute
in cooperation with the Mackenzie University (Sao Paulo, Brazil), are presented. This installation has oper-
ated continuously in the CASLEO astronomical complex since 2015. The detector modules of the setup are
based on the Nal (T1) scintillator, which is 76.2 mm X 76.2 mm high, a Hamamatsu R1307 photomultiplier

tube, a high voltage power supply, and a preamplifier. The technique of the experimental calibration of the
spectrometer is also presented.
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INTRODUCTION

The hardware—software complex of a Gamma-
spectrometer was developed in 2014 at the Dolgoprud- - - ~ -
nenskaya Scientific Station (DNS) of the Lebedev o) L) L) o)
Physical Institute within the framework of interna- 3 3 = 5
tional cooperation with scientists from Brazil and § § § §
Argentina, which is designed to detect and determine
the energy spectra of secondary y-quants [1]. This
equipment is installed at the CASLEO observatory o — ~ .
(Argentina, $31.47°, W69.17°, at an altitude of 2550 m gzl gzl gzl iz
above sea level and a geomagnetic cutoff rigidity of R, Al 5 a| T &l 5 @l T\

= 9.8 GV), where the complex of cosmic ray detectors
that was previously developed at the FIAN DNS is
currently operating. CARPET, the first facility that
records the charged component of cosmic rays, was
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launched in 2006 [2—7]. In 2015, the Gamma-spec- S [l A it
trometer and the neutron detector device for recording sl & 5 &
the neutron component of cosmic rays were launched i IR IRl IR
[8, 9].

This paper presents the circuitry solutions used in ADC USB3000
the development of the Gamma-spectrometer and its
characteristics. The background radiation calibration B
technique is also presented. g i

0

THE HARDWARE
AND SOFTWARE COMPLEX PC

The Gamma-spectrometer contains four detecting

modules (Fig. 1), Which arc based on the Fig. 1. A block diagram of the Gamma-spectrometer. ADC,
12S12/3.VD.HVG.PA scintillation assembly manu- analog-to-digital converter; PC, personal computer.
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Fig. 2. A schematic diagram of the gamma-spectrometer interface module. DA, DAy—TML05212; DA3, DAy— LM1117-5.0.

factured by ScintiTech (http://www.scintitech.com/).
The scintillation assembly includes a Hamamatsu R1307
photomultiplier tube (PMT) (https://www.hamamatsu.
com/jp/en/product/type/R1307 /index.html) 76 mm in
diameter, an Nal (TI) scintillator with a height of
76.2 mm and an electronic unit, which consists of a
high-voltage converter, a voltage divider and a pream-
plifier. A voltage of £12 V is required to power the
electronic unit.

The interface unit we developed (Fig. 2) is designed
to connect four detecting modules via power connec-
tors (XR1—XR4) and signal connectors (XR6—XR9).
Primary supply voltages £12 V are generated on TML
05212 converters (DA, and DA,). Each transducer sup-
plies two detection modules. The output voltages of
the high-voltage converters of the scintillation assem-
blies are adjustable in the range from —200 Vto —1500V,
which makes it possible to set a high voltage for each
PMT individually using potentiometers R,—R,.

Using the XR5 connector, signals from the detec-
tion modules are fed to an analog-to-digital converter
(ADC) USB3000 (http://www.r-technology.ru/prod-
ucts/adc/usb3000.php), where they are converted to a
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sequence of two-byte samples. Each count is a number
in the range from —8000 to +8000 (maximum ampli-
tude resolution), which corresponds to the signal range
from —5 to +5 V. Since the signals from the detecting
modules are positive, the output ADC a sequence of sam-
ples is obtained in the range from 0 to 8000. Therefore,
the signal quantization step is —625 uV.

Data transfer from ADC to PC is carried out via the
USB bus. In the software settings one can set the ADC
sampling rate (time resolution), the step of signal quan-
tization by amplitude (number of channels), and the
duration of the data accumulation time for each file.

The software of the PC sequentially generates files
containing data received during a specified time inter-
val (duration). Under the current conditions of the
experiment, measurements are carried out with a spec-
ified duration of data files of 600 s and a sampling rate
of 500 kHz, with an energy resolution of 128 channels.

Each data file in the header contains information
about the start time (UTC), the sampling rate ADC
and the duration of the data collection interval. Next,
a table is written, which indicates the number of the
energy channel, the number of pulses (y-quants) that
Vol. 64
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Fig. 3. Graphs of the differential spectrum of the module 0
Gamma-spectrometer: I, according to data for January
2020 (summer period), 2, for June 2020 (the winter period).

entered the channel with the number N (differential
spectrum), the total number y-quanta that entered the
channels starting from the number N + 1 and higher
(integral spectrum), and the y-quant energy corre-
sponding to the channel number, as calculated by pre-
liminary calibration with ®°Co and *’Cs sources.

SPECTROMETER CALIBRATION

The detecting modules of the Gamma-spectrome-
ter were pre-calibrated at the LPI using sources ®°Co
y-radiation (1.17 and 1.33 MeV) and *’Cs (661.7 keV).
Initial calibration was necessary in order to correctly
select the output voltages of the high-voltage convert-
ers: 775V for module 0, 789 V for module 1, and 728 V
for modules 2 and 3, which roughly set the ranges of
the detected y-quanta energies of 50 keV—3.5 MeV for
modules 0 and 1 and 50 keV—5 MeV for modules 2 and 3.
However, this calibration cannot be considered final,
since it was carried out in laboratory conditions and
does not take the instrumental effect into account,
that is, the effect of temperature on the output voltage
of high-voltage converters.

To illustrate the temperature effect, Fig. 3 shows
the graphs of two differential spectra for the detecting
module 0: spectrum /, obtained by superimposing
epochs of all 10-min spectra for January 2020, spec-
trum 2, as of June 2020

It was necessary to develop a method for continu-
ous calibration of the spectrometer according to the
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Fig. 4. The initial differential spectra for four detecting
modules (0—3) according to the data for January 1, 2018
from 01:00 to 02:00 UTC. The numbers at the spectra cor-
respond to the modules.

available data, which takes the temperature effect into
account and does not require additional devices, since
the installation operates in an autonomous mode. For
calibration, one can use the spectral lines of radioac-
tive substances in soil. The isotopes “°K, 21“Bi, 298TI
were used as calibration sources for y-radiation [10].
Figure 3 shows the approximate neighborhoods of the
spectral lines of these isotopes. Compton scattering of
energetic y-quant, therefore it is not used during cali-
bration in the energy range of ~0—0.4 MeV. The pen-
ultimate energy peak, which lies in the range of
approximately the (65—75)th channels is a conse-
quence of the formation of electron—positron pairs
and is also not taken into account [11].

The graphs in Fig. 3 show the discrepancy between
the lines of isotopes in the spectrum, which increases
with increasing energy (channel number).

The initial condition is added to the existing six
spectral lines: E(U) = 0 at U = 0. The result is seven
known points E,: E,(U,=0), E\(U)), ..., Es(Uy), divid-
ing the entire spectral range of the detecting module
into six intervals, the energy values within which we
will fill with a piecewise linear function:

EU) = E, + k,(U -U,), (1)

where E(U) is the energy value corresponding to the
channel number U; E, is the initial energy value in this
interval, corresponding to the channel number U,; and
k, is the slope coefficient of the given interpolation line:
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Fig. 5. The differential spectra for four detecting modules
(0—3), after energy recalculation of y-quants, according to
data for January 1, 2018 from 01:00 to 02:00 UTC.

kn — En+1 — En , (2)
Un+l - Un

where E, ., is the final energy value in this interval,
corresponding to the channel number U, , ;.

To demonstrate the technique, we consider an arbi-
trary time interval, for example, January 1, 2018 from
01:00 to 02:00 UTC (Fig. 4). According to the most
prominent peaks corresponding to K, it is clearly seen
that the sensitivity of detecting modules 0 and 1 is
higher than the sensitivity of detecting modules 2 and 3,
due to the higher voltages set across the PMT.

Using this technique, the spectra obtained by the
detecting modules were divided into six intervals, in
each of which the energy values were obtained using
formulas (1) and (2) y-quanta depending on the chan-
nel number (Fig. 5). In the graphs in Fig. 5 some dif-
ference in the absolute values of the counting rates of
the detecting modules is noticeable, which, if neces-
sary, can be eliminated by mutual normalization
according to the data of simultaneous measurements.

CONCLUSIONS

This paper presented a description and the sche-
matic implementation of an installation for detecting
flows. The y-radiation spectrometer has been contin-
uously functioning in the CASLEO astronomical
complex from 2015 to the present. For a comprehen-
sive analysis of the experimental data, a technique has
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been developed for the calibration and recalculation of
the measured values of the channel numbers of the ana-
log-to-digital converter into the energy of y-quanta
based on natural background sources of y-radiation.

This setup is of particular interest for the study of
generation processes of y-radiation in thunderclouds
and from lightning discharges (so-called TGF- and
TLE-events) [12].
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