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Figure 1. Light nuclei group spectra (Arqueros et.al.,2000, Vardanyan et.al., 
1999, Chilingarian et.al., 2004) 

Figure 2 Energy spectra of light and heavy nuclei obtained by neural 
classification and energy estimation. The EAS characteristics used 
are shower size and shape (age parameter). 
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of the neutron bursts correlated with EAS with neutron 
monitors or/and a new EN-detector, made of a mixture of the 
inorganic scintillator ZnS(Ag) with 6LiF, (Stenkin, 2008) 
looks very promising for measurements carried out at 
mountain altitude. 

At Aragats research station of Yerevan Physics Institute 
(3200 m asl)  variety of particle detectors are in operation 
(see details in Chilingarian et al., 2005, Chilingarian et. al. 
2016) including 2 Neutron monitors 18NM64 and ~ 300 
m2 of scintillation detectors. The purpose of this paper is to 
use these detectors for the detection of EAS neutron content, 
and - for scrutinizing possibilities of primary CR energy 
estimation by the registered neutron multiplicities. 

 INSTRUMENTATION 

The Aragats neutron monitor (ArNM) consists of 
eighteen cylindrical proportional counters of CHM-15 type 
(length 200 cm, diameter 15 cm) filled with BF3 gas 
enriched with B10 isotope and grouped in three sections 
containing six tubes each (in Figure 3 we show one section 
of it - 6NM64). The proportional chambers are surrounded 
by 5 cm of lead (producer) and 2 cm of polyethylene 
(moderator). The cross section of lead producer above each 
section has a surface of 6m2 and the total surface of three 
sections is 18m2. The atmospheric hadrons produce 
secondary neutrons in nuclear reactions in lead; then the 
neutrons get thermalized in a moderator, enter the sensitive 
volume of the counter, and in interactions with boron gas 
born Li7 and the α particle. The α particle accelerates in the 
high electrical field inside the chamber and generates enough 
ionization to be detected by the data acquisition electronics. 
High- energy hadrons generate a large number of secondary 
neutrons entering the lead producer, and, if we want to count 
all pulses initiated by the incident hadrons, we have to keep 
the dead time of the NM very low (the ArNM has a minimal 
dead time of 0.4 μs). If we want to count incident hadrons 
only (a one-to-one relation between count rate and hadron 
flux) we have to keep the dead time as long as the whole 
secondary neutron collecting time (~1250 μs) to avoid 
double counting. 

The Aragats Muon detector (Figure 4) consists of three 
vertically stacked plastic scintillators with an area of 1m2. 
The top 3cm thick scintillator is covered by 7.5cm of the lead 
filter; the middle 1cm thick scintillator is covered by 1.5cm 
of the lead filter and by ~ 60 cm thick rubber layer (carbon); 
the bottom 1cm thick scintillator is covered by the 6cm thick 
lead filter. The energy thresholds to detect muons in three 
stacked scintillators are ~170 MeV,  ~220 MeV and ~350 
MeV accordingly. DAQ electronics provides registration of 
50 ms time series of all scintillators. ArNM and Muon 
detectors are located at a distance of ~ 6m from each other in 
the MAKET experimental hall. The close location of these 
detectors allows joint detection of large EASs. Outdoors is 
located the STAND1 detector comprised of three layers of 1-
cm-thick, 1m2 area molded plastic scintillators and 3 cm 
thick plastic scintillator of the same type fabricated by the 
High Energy Physics Institute, Serpukhov, Russian 
Federation. The light from the scintillator through optical 
spectrum-shifter fibers is reradiated to the long- wavelength 
region and passed to the photomultiplier FEU-115M. The 
maximum of luminescence is emitted at the 420-nm 
wavelength, the luminescence time being about 2.3 ns. 

The heart of the Data acquisition system (DAQ) is NI-
myRIO board (see Figure 5). The output pulses from the 7-

channel discriminator board are fed to the FPGA of the 
myRIO board where the logic of event identifying, pulses 
counting and GPS time stamping is implemented. The 8-th 
channel is reserved for the synchronization pulse (the 
trigger) from any of particle detectors. We use for triggering 
one of ArNM channels (second or 8-th proportional counter); 
the “EAS” trigger was generated when 1-second count rate 
exceeds the mean count rate by 4 standard deviations. The 
output of the proportional counters (Figure 3) and one of the 
Muon detector scintillators (Figure 4) were directly connec-
ted to the digital oscilloscope (2 channel picoscope 5244B 
with 25MS/s sampling rate) with 60 cm long RG58 coaxial 
cable. Data capture length can be chosen from 1 second, 
including 200 ms pre-trigger and 800 ms post-trigger time 
with sample interval 40 ns, or, for instance, 10 ms with 
the sample interval of 0.4 ns. 

 
Figure 3. Layout of Aragats Neutron Monitor (ArNM) 

 
Figure 4. The “muon” stacked detector with large amount of lead and 
rubber between 3 scintillators 

The special file generated by digital oscilloscope at any 
trigger, time series of particle detector count rates, current 
electrostatic field strength and service information (status of 
myRio, time delays, number of satellites used) are 
transferred to the mySQL database at CRD headquarters in 
Yerevan.  All information is available via ADEI multivariate 
visualization code by link http://adei.crd.yerphi.am; 
explanations are located in the WiKi section. 

 



Figure 5.  Schematic view of the fast DAQ for the EAS core detection. The particle pulses from first scintillator of Muon detector and 8-th (or second) counter 
of ArNM are registered and stored when 1-second count rate of ArNM proportional counter exceeds mean count rate by 4 . The DAQ is continuously 
registered 50 ms time series of all STAND1 and muon detector channels and electrostatic field as well. 

Table 1. ArNM registration of the neutron burst 



Figure 6. Time series of ArNM second proportional counter corresponding to 3 dead times. Only with shortest dead time of 0.4 s DAQ electronics registered 
a large neutron burst.  

Figure  7.  Neutron burst detected by the ArNM with dead time 0.4 s. Only counters from the first section (2,3,4) demonstrate peaks. 

Figure 8. Particle detector output waveforms corresponding to different time zooming scales 

Figure 9. 1-sec time series of 3 scintillators of Muon detector and 3 cm thick outdoor scintillator of STAND1 detector. 



Figure 10. The integral energy spectrum of all particles measured by the 
MAKET-ANI surface array. 

I (E) = aE-

J (E) = bE-

Imax (E0) = Jmax (E0). 

Table 2. Recovered energy spectra from ArNM proportional counters 
(numerical values obtained from the fits shown in Figure 11)  

I1=178.5E-1.39 I2=5884E-1.64

I3=779.3E-1.52 I4=5873E-1.64

I8=2606E-1.589 I11=130.6E-1.369

Figure 11. Multiplicity distributions of ArNM proportional counters 
channels (1,2,3,4,8,11) measured in time span of 1 July 2014 - 1 June 2015. 






