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Detectors of Aragats Space Environmental Center (ASEC) are monitoring different species of secondary 
cosmic rays at 2 altitudes according to various energy thresholds. Using CORSIKA code we have calculated 
the response of ASEC monitors to galactic cosmic rays and to different transient events, such as Ground 
Level Enhancements (GLEs) and geomagnetic storms, influencing cutoff rigidity threshold values. The 
response of ASEC monitors, simulated for historic events of 23-rd solar cycle, is compared with 
corresponding measurements.  
 
 
1. Introduction 
 
Monitors of Aragats Space Environmental Center [1] register secondary fluxes generated by high energy 
particles as they enter the Earth’s atmosphere. The information about primary particle type and energy is 
mostly smeared during its interactions with atmospheric nuclei. To be able to reconstruct the primary 
particle fluxes incident on the Earth’s atmosphere it is necessary to know the relationship between the count 
rates of the monitor and the primary particles fluxes. Since this relationship can hardly be determined 
experimentally or analytically a detailed Monte Carlo simulation on the propagation of primary particles 
through the Earth’s atmosphere and the detectors response was performed. 
 
 
2. Simulation of ASEC monitors response to the galactic cosmic rays.  
 
Primary particles, while entering the Earth atmosphere, interact with the atmospheric nuclei and produce a 
cascade of secondary particles. After production of several generations of particles, the cascade process ends 
when the energies of the particles become too low for the future particle production. As long as enough 
energy remains for the propagation of the shower and the production of cascade particles, the shower will 
continue down until it reaches ground level. 
 

We use CORSIKA code [2] (version 6.020) to simulate the propagation of primary particles through the 
Earth’s atmosphere.  Electromagnetic interactions are simulated using EGS4 code [3]. For the hadronic 
interaction, the QGSJET [4] model is used at high energies, and GHEISHA2002 [5] is used at low energies 
(below 80 GeV). The simulations were performed for two observation levels: 3200m a.s.l. (Aragats station) 
and 2000m a.s.l. (Nor-Amberd station). The threshold energies for the primary particles correspond to the 
rigidity cutoff of the location – 7.56 GV. The threshold energies for secondary particles are: 50 MeV for 
hadrons, 10 MeV for muons and 6 MeV for electrons and photons. The input spectra for the simulation were 
selected to follow the observed proton and helium spectra of CAPRICE98 balloon-borne experiment [6]. 
 

The simulated ground level particle intensities were used to estimate ASEC monitors count rates. Count 
rates of muon monitors (registering low energy charged particles, muons with the energy threshold of 
350MeV and high energy muons with the energy threshold of 5GeV) were calculated as a number of 
corresponding particles per 1 m2.  To calculate   Aragats  and  Nor-Amberd neutron monitors count rates we  
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used a NM-64 neutron monitor detection efficiency as a function of rigidity from the report of Clem and 
Dorman [7].  As far as neutron monitor responds best to neutrons and protons, only these secondary particles 
were taken into account. 
 

The mean count rates with the standard deviations, calculated from 5 independent simulated samples for 
primary protons and helium nuclei, are presented in Tables 1 and 2.  For the comparison, the examples of the 
count rates, recorded by ASEC monitors on a quiet day, are presented as well.  Of course, these values are 
changing with the level of solar cycle cosmic ray modulation, but one can conclude that there is a reasonable 
agreement between the simulated and the measured count rates of ASEC monitors. 
 

Table 1. ASEC monitors count rates at Aragats level (3200m a.s.l)  
due to secondary galactic cosmic rays (cts/m2 min) 

 
 
 
 
 
 
 
 
 

Table 2. ASEC monitors count rates at Nor-Amberd level (2000m a.s.l)  
due to secondary galactic cosmic rays (cts/m2 min) 

 
 
 
 
 
 
 
 
 
3. Cosmic ray variations caused by the cutoff rigidity changes during geomagnetic 
    storm. 
 
Disturbances of the Earth’s magnetic field during the magnetic storms can cause the changes of effective 
cutoff rigidity. These changes may be sufficiently large to distort essentially cosmic ray (CR) intensity at 
ground-based stations. We have studied the CR intensity dependence on cutoff rigidity. The count rates for 
ASEC monitors for four values of rigidity cut-off were calculated. The relative increases ∆Ncnts/Ncnts in the 
5-minute count rates due to the changes of rigidity cut-off are presented in Table 3. For the comparison the 
relative experimental count rates increases for two events detected with Aragats Space Environmental Center  
 (ASEC) monitors are presented in Table 4. The experimental increases are estimated above pre-event 
background, calculated by one-hour data prior shock arrival. The comparison of simulated and experimental 
increases in count rates shows that the November 20, 2003 event could be associated with the cut-off rigidity 
changes of ~1GV. The decrease of cut-off rigidity at September 7, 2002 is less than 0.5GV. 

 
 
 
 
 
 

 neutrons, 
protons 

low energy 
charged particles 

muons 
(>350 MeV) 

muons 
(>5GeV) 

Simulated 2919±33 23378±214 12479±92 3223±239 

Experimental 3218±22 24985±320 - 3688±35 

 neutrons, 
protons 

low energy 
charged particles 

muons 
(>350 MeV) 

muons 
(>5GeV) 

Simulated 1196±19 15320±138 9997±89 2839±20 

Experimental 1325±12 14540±130 9600±150 - 
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Table 3. The simulated increase ∆Ncnts/Ncnts in the 5-minute count rates of ASEC monitors  
due to the changes of rigidity cut-off. 

Rc decreases neutrons, 
protons 

low energy charged 
particles 

muons 
(>350MeV) 

from 7.56 to 7.00GV 3.1% 0.74% 0.43% 
from 7.56 to 6.50GV 6.0% 1.34% 0.74% 
from 7.56 to 6.00GV 9.2% 1.93% 1.00% 

 
 

Table 4. The experimental increases ∆Ncnts/Ncnts in the 5-minute count rates of two events 

event neutrons, 
protons 

low energy charged 
particles 

muons 
(>350MeV) 

November 20, 2003 6.2% 0.8% 0.5% 
September 7, 2002 2% 0.5% 0% 

 
 
 
4. Intensity-time profile of November 20, 2003 event 
 
Aragats neutron monitor (ArNM) count rate and variation of Dst (Disturbance storm time) index during 
magnetic storm on 20 November 2003 are shown in Figure. 1. Assuming that the cutoff rigidity is changing 
from 7.56 GV to 6.56 GV we have transformed Dst into Rc by fixing Rc to 7.56GV at 0:00UT and to 
6.56GV at 20:00UT and considering that Rc time variation is repeating Dst variation. The derived cutoff 
rigidity variation was used to calculate count rates of ASEC monitors for the time-interval 10 – 20 UT. 
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Figure 1. Aragats Neutron Monitor 5-minute count rate and Dst-index for November 20, 2003 event. 

 
 

A time variations of simulated and experimental 5-minute count rates of Aragats NM for November 20, 
2003 event are shown in Figure 2. Each simulated point represents a count rate, averaged from 10 
independent samples. Errors are estimated according to Poisson distribution.  
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Figure 2. Simulated and experimental 5-minute count rate variations of Aragats NM during November 20, 2003 event. 

 
Simulated and experimental variations are not exactly the same, because the linear dependence dRc on Dst 
can be used only as a first approximation. However, as a next step, by using the calculated time-profile of 
the event the cutoff rigidity can be corrected at each moment of time. 
 
 
5. Conclusions 
 
This work demonstrates that the ground level monitors response to galactic and solar cosmic rays can be 
successfully calculated using CORSIKA code. For further detailed study of solar events FLUKA interface, 
which is better adjusted for the low energies, will be used.  
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