The URAN Installation for recording electron-photon and neutron components
of the EAS
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In MEPhI, a URAN setup was created, consisting of scintillator detectors with natural boron to study the neutron component of the EAS. The setup consists of 72 en-detectors, in which the recording
material is an inorganic scintillator, which is a silicon wafer with fused granules of the scintillator mixture ZnS (Ag) and B2O3. Thermal neutrons are registered at the expense of the 10B isotope (the main
reaction is 10B + n → 7Li + α + 2.792 MeV), whose content in the natural boron is about 20%. The area of each detector is 0.36 square meters. Detectors are located on two roofs of laboratory buildings
and are combined into cluster structures of 12 detectors. The URAN is aimed at studying cosmic rays in the "knee" region by detecting neutrons produced in the interactions of EAS particles with the
nuclei of the atmosphere or matter near the installation. The structure and basic elements of the installation are described and the first recorded events are demonstrated.

The en-detector design

Introduction
The URAN installation include 72 detectors combined into 6 clusters
of 12 en-detectors each, with a spacing of 4-5 m. For EAS study, we
use a special type of inorganic scintillator detectors, capable to
record two main EAS components: electron-photon (e) producing
main ionization, and hadronic one through thermal neutrons (n)
recording [1,2]. Similar detectors were used in PRISMA-32 array
[3,4] which was a prototype of the URAN array.
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en-detectors

We use a black cylindrical (∅740 x 570) standard
commercial plastic water tank with a capacity of 200
liters as a light-protective housing. To improve the
collection of light, a reflective cone is used. On the top
of the cone is a 6-inch photomultiplier (FEU-200),
looking at the scintillator at the bottom of the cone. To
protect the environment, a zinc-plated aluminum
cylinder with a thickness of 0.9 mm (∅880 x 1100) with
a conical roof is used [5].
Slow neutrons (mostly thermal and epithermal) are
detected due to reactions:
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В + n → 7Li + α + 2.79 MeV
(7%)
10
В + n → 7Li* + α + 2.31 MeV
(93%)
7
Li* → 7Li + γ + 482 keV
The effective area of the detector – 0.36 m2
The thickness of the recording layer ~ 50 mg/cm2
Thermal neutron recording efficiency of such
scintillator was found to be equal to about 20%.
ZnS(Ag) also allows to register multiple passage of
charged particles.
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Structural scheme of the URAN array registering system
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Electronics of one cluster includes two 12-channel boards of
amplitude analysis developed according to Euromechanics 6U
standard.
One board is designed for digitizing analog signals from the
12th dynode output (with an integration time of 1 μs) and allows
selection of events according to various triggering conditions
(triggering of 1 or several counters within a specified time
gate), registration of delayed neutrons during 20 ms and data
transmission from the cluster to a Central DAQ Post.
The second board is
intended for digitizing of
analog signals from the 7th
dynode output. Using of
two dynodes provides a
wide dynamic range of
measured energy deposit
produced mainly by the
EAS electron component.
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For local processing of cluster data and event selection, the Local
Posts (LP) are used.
Transmission of analog signals from the detector to the LP is carried
out through coaxial cables housed inside the metal hoses which
protect cables against environmental influences and mechanical
damages. In addition to the coaxial cables, the hoses contain the
cables for the PMT high-voltage and amplifier low-voltage.
Time synchronization of clusters with an accuracy of 10 ns is
performed using global positioning systems (GPS/GLONASS).
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Example of the EAS registration with three clusters of the URAN array

Conclusion

Oscillograms of EAS charged
component registered by one detector

The URAN installation allows obtaining information about the neutron
component and neutron component of extensive air showers and,
accordingly, their hadronic structure. The EAS dimension spectrum in
the number of thermal neutrons, the lateral distribution function of
hadrons in the EAS, and other parameters of the hadron component will
be measured. The URAN installation will become an integral part of the
unique scientific facility "NEVOD Experimental Complex", which already
includes NEVOD, DECOR, CTS, PRISMA-32 detectors, NEVOD-EAS
and TREK detectors.

Oscillogram of the registered neutrons
accompanying EAS
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