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Muon Flux Monitoring in the YerPhI Underground Laboratory

A. Aleksanyan, S. Amirkhanyan, T. Kotanjyan, L. Poghosyan, V. Pogosov
Yerevan Physics Institute, Alikhanvan Brothers 2, Armenia, 0036

Abstract. We have organized the muon flux monitoring in the YerPhI underground laboratory. Muon detector system consists of two pairs 
of plastic scintillators 50x50x5cm3size. The data acquisition system registered and stored 1-sec, 1-minute and 1-hour time series of the 
detector counts. Time series are transferred to the Cosmic Ray Division database via 1 km long cable and then radio-modems and are 
accessible on-line via ADEI multivariate visualization platform.

1. INTRODUCTION

Yerevan Physics Institute performs experiments in the 
underground low-background laboratory with a developed 
scientific infrastructure including fast Internet coimections 
(that is nontrivial for the deep underground location). The 
laboratory is placed in the Avan salt mine, which is located 
in within Yerevan limits, at the depth of 240 m (650 m w.e.). 
The laboratory has an important advantage, compared to 
other known underground laboratories, as it is located in 
close vicinity of a large city with the corresponding 
infrastructure and communication system and near to a well- 
known scientific center.

The laboratory has had several remarkable 
achievements during its lifetime. For example, there was an 
experiment performed earlier together with the Institute of 
Theoretical and Experimental Physics (Moscow), in which, 
for the first time, two-neutrino double-decay of 76Ge has 
been observed, and the most stringent limit on a half-life of 
neutrinoless double beta-decay in this germanium isotope 
was set [1]. The subject of the latest experiments performed 
by our group was the search for the rare decays of 
californium nuclei [2, 3],

Figures 1-4 show historical picture of the start of 
measurements taking and current work in the underground 
lab. An old HPG detector (P-type Coaxial High Purity 
Germanium Detector GEM15P4, Ortec) represented in 
Figure 5 is surrounded by a radio-pure lead and covered by 
a polyethylene bag. Nitrogen is blown into the bag to 
displace the radioactive radon from around the detector. 
Figure 6 represents a background spectrum measured by the 
HPGe detector on the surface and in the underground 
laboratory with and without shielding during equal time 
intervals (22 hours). This figure demonstrates obvious 
advantages of underground measurements of the rare 
processes.

Very low background counts due to low-radioactivity of 
the salt give a big advantage to the research of the rare 
nuclear processes. The new purchased High Purity 
Gennanium Detector (HPG - GCD-20180, Figure 7) with its 
multi-channel analyzer BOSON (both are products of Baltic 
Scientific Instruments, Latvia) will highly enlarge the 
scientific potential of the underground laboratory. We plan 
to use the developed scientific infrastructure for the started 
nuclear physics research program on the IB A 18-MeV 
proton cyclotron located on premises of Yerevan Physics 
Institute. We are now developing a low background setup for 
the future experiments. Due to its special construction, the 
new HPGe detector will allow us to achieve an even higher 
level o f background suppression.

2. CONSTRUCTION OF THE MUON DETECTOR

The main subject o f this paper is the description of the 
muon detector on the base of plastic scintillators for future 
monitoring of muons with the energies higher than 150 GeV, 
which are generated in the atmosphere by the galactic cosmic 
rays. The depth of our laboratory determines this rather high- 
energy threshold. High energy muon monitoring should give 
us additional information in the synchronized measurements 
with other muon detectors located on Aragats research 
station of YerPhI where monitoring of a flux of muons with 
energies ranging from 1 MeV to 5 GeV is continued for 
tenths of years [4], The investigation of muon flux variations 
depending on the season, temperatures of the high layers of 
the atmosphere, is important from the applied point of view, 
as well as from the point o f view of fundamental physics. It 
is worth to mention that large muon detectors also can detect 
violent explosions in Universe.

Muon detecting system consists o f two pairs of 
50x50x5cm3 scintillators. Each pair is registering coinciding 
muon traversals to eliminate the enviromnental noise. Figure 
8 presents one of the detector pairs. Top and bottom 
scintillators have the different type of light collection system 
for choosing an optimal one. The estimated value for mean 
muon flux at the depth of our laboratory is about 0.05/m2/s. 
Thus, operated detector will observe daily variations down 
to the level of a few percent. The further buildup of muon 
detector should substantially increase its sensitivity.

The Internet connections established in salt mine allows 
on-line correlation analysis between highest energy muon 
events and muons registered on the Aragats high-mountain 
stations (energy range 1 -  5000 MeV). The muon count rates 
from the salt mine on-line enter the Cosmic Ray Division’s 
database and are assessable for the analysis via user-friendly 
multivariate visualization platform ADEI [5], Figure 9 
represents the time series of the muon flux measured by one 
of the pairs of plastic scintillators during 445 hours. Figure 
10 represents the statistical analysis of this data: first and 
second moments and goodness of fit criteria. The mean value 
of muon flux of a pair o f scintillators equals to ~47 per hour.
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Figure 1. A railway transportation system to underground laboratory.
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Figure 2. Three decades ago: the installation o f  the firs t Germanium 
detector fo r  searching fo r  double beta decay o f  76Ge nuclei From left to 
right: V.Pogosov (YerPhi) andA.Starostin (ITEP, Moscow)

Figure 3. S. Amirhanyan is checking DAQ system before starting the data 
collection

Figure 4. The s ta ff o f  underground laboratory. From left to right: S. 
Amirkhanyn, A. Aleksanyan, T. Kotanjyan, L. Poghosyan

Figure 5. An old Germanium detector (surrounded by shielding to decrease 
environmental background).
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Figure 6. Background spectrum measured by the HPGe detector during 
equal time intervals (22 hours): blue — on the surface; red - in the 
underground laboratory; green - i n  the underground laboratory with radio- 
pure lead shielding.

Figure 7. The new HPGe-detector with its analyzer BOSON

Figure 8. The muon detectors consisted o f  a pair ofplastic scintillators each 
of50x50x5cm3 size.

Figure 9. Hourly count rates measured by a pair o f plastic scintillators
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Figure 10. Incident muons hourly count rate distribution

CONCLUSION

We started the muon flux monitoring in the YerPhI 
underground laboratory. The data transfer to the YerPhl’s 
web page (ADEI) in real time has been organized as well. 
M uon detector system based on two pairs of plastic 
scintillators 50 x 50 x 5 cm3 has been constructed. The 
further increasing of the detector will allow us to achieve the 
desirable sensitivity. For instance, a daily count rate of 10 
m detector will have statistical variations down to the one 
percent. This will allow to investigation of the correlation 
between the underground muon flux and the upper air 
temperature, including, so called, sudden stratospheric 
wanning (SSW, [6]). The muon-induced events are one of 
the main concerns regarding background in deep 
underground facilities where modem neutrino experiments 
are located. The careful estimation of the muon flux created 
by cosmic rays in the atmosphere and penetrated deep 
underground is of crucial importance for the neutrino 
experiments [7],
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