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Abstract. The spectrum of EAS particles central density (Nc) in the range (50 ÷ 1.5·104) /m2, also the density of the 
muons (Nμ) with Eμ �1 GeV and the hadrons (Nh) with Eh  �30 GeV for each shower have been measured  using  Bak-
san "Carpet-2" Air Shower array.  The dependence of the ratio <Nμ/Nc> on Nc in particles density range, including the 
knee region have been obtained. Using Monte- Carlo simulations based on CORSIKA v.6720 code (QGJET O1C model) 
we have obtained the spectrum of Nc and the ratio <Nμ/Nc>   for primary protons and iron nucleus in energy interval 
0.316 ÷ 31.6 PeV.  
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I. Introduction
The central density spectrum of extensive air showers 

was investigated in detail at the Baksan "Carpet" array in 
work [1].  EAS central density   was defined as the number 
of particles in a circle with radius r=0.4 m around the 
shower’s axis. In this work the dependence of the central 
density on the total number of the charged particles of EAS 
for Ne =104 ÷106 has been obtained, and it is shown that the 
central density can be used as a measure of primary energy 
of showers. However, study of central density spectrum in 
the most interesting range of EAS with Ne �3·106 (the 
“khee” region) has not been carried out because of the 
narrow dynamic range of measurements of particle’s 
density. In order to study the knee region some 
modernization of the data acquisition system of "Carpet" 
has been done, the preliminary results of these data we 
presented in the paper [2].  

In our paper we present new results recorded by the 
Carpet-2 air shower array of the Baksan Neutrino Observa-
tory. The spectrum of EAS particles central density in a 
range 50÷1.5·104 particles / m2 with the position of knee at 
density � 8·102 particles/m2   has been obtained. The 
dependence of the ratio of the number of muons   with Eμ 
�1GeV to the number of particles at “Carpet” (Nμ/Nc) on 
the showers central density has also been investigated.         

 
                        
                        II. Observations. 
The "Carpet - 2" array [3] of the Baksan Neutrino Ob-

servatory (1700 m a. s. l.) consists of the ground level 

detector  "Carpet" (200 m2) and underground muon detector. 
“Carpet” consists of 400 individual liquid scintillator 
detectors of 0.5 m2 each.  Density of particles in EAS is 
measured by each detector in logarithmic scale with the 
step 12% for the interval of 10-5000 relativistic particles 
(r.p). The 5th dynod signals from all 400 detectors’ PMTs 
are summarized and digitized by 4 linear ADCs with 
different gains at the inputs. It has allowed us to extend the 
dynamic range of particles density up to 3·106 per 200 m2.  
Six outside stations have 18 scintillator detectors, each of 
the same type. Four of them are placed in the form of a 
square at a distance of 30 m from the centre of “Carpet” 
and the other two are at a distance of 40 m. The signals 
from these detectors are used as stopping pulses in time 
measurement system to measure delays and reconstruct 
arrival direction. The muon detector, 5×35 m2, is situated in 
the underground tunnel at ~ 48 m away from the “Carpet’s 
center. It consists of 175 plastic scintillation detectors of 1 
m2 each attached to the ceiling. The detectors are under a 
soil absorber of 2.5 m thickness (500 g/cm2). Each detector 
measures the energy deposit in interval of 1÷100 r. p.  
“Carpet” can measure the shower parameters with good 
accuracy: �X0=�Y0=0.35 m.; �Ne/Ne=0.1; �s/s =0.02 in 
EAS size interval of  Ne= 105÷ 106.     

Shower triggering conditions were 5-fold coincidence of 
the “Carpet” and 4 outer detectors situated at a radius of 
30m around the Carpet center. The energy threshold of 
pulses from outer detectors corresponds to ~ 25MeV and a 
threshold of Carpet’s pulse is 2.5 GeV. Trigger allows us to 
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select EAS with energy E0 >6·1013 eV in the circle with 
r=50 meters from the center of Carpet.The rate of such 
events is �1.2sec 1. 

   
                                   III. SIMULATIONS 
 
 The development of EAS in the Earth atmosphere has 

been simulated with the CORSIKA code [3], version 6720. 
The QGSJET01C and FLUKA 2006 were used as the high 
and low energy hadronic interaction models. The simula-
tions have been performed for primary protons and iron 
nucleus. The simulation energy range was from 0.316 to 
31.6 PeV corresponding to the central particles density of 
measurements. The protons spectral index -2.7 was used 
and due to steeply falling spectrum the simulations were 
divided into five primary energy intervals with similar 
statistics. The simulation energy range of iron nuclei was 
taken 0.3÷ 1.2 PeV.  The simulated showers were applied to 
the experimental array. For each shower was calculated:  

1) the coordinates of the axis; 2)  the central particle 
density corrected for transition effects in the roof of the 
detector hall  and  in the scintillators; 3) the shower size ; 4) 
the number of hadrons with Eh>30 GeV and the number of 
muons with Eμ >1 GeV per 175 m2 at distances of 40-55m. 
from shower’s axis. 

   
                                   IV. RESULTS 
   
The shower data during 420 days of the array’s opera-

tion were recorded 
 

                                                        Fig.1: Central density spectrum                          
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                            
 
 
                                                                                                                   
 
 

 
                                                         
 

In the analysis the showers with the following conditions: 1) 
the axis‘s located inside “Carpet”; 2)Nc � 104  3) sec � � 
1.15  were included. The central particles density (Nc) is the 
5th dynod signals from all PMTs which were converted to 
the number of relativistic particles. The results of the 
analysis are shown in Fig.1, where the integral spectrum of 
Nc in the range 104÷3·106 is presented. 

The spectrum has the “knee” with the position at  Nc � 
1.7·105 , the slope of  spectrum up to  “knee”  �1� 1.3 and 
above the “knee”  �1� 1.9 ( �� = 0.6) , the integral flux of 
showers with Nc >3·105 is I(>I0 ) � 1.2·10-7[m-2  s-1 ster-1].  
To perform the energetic calibration of the central density 
spectrum, it is necessary to compare it with the EAS 
particle spectrum. At present it is impossible to obtain the 
shower size spectra in the density region of interest for the 
‘saturation’ of PMTSs distorts the reconstructed lateral 
distribution function of shower’s particles.  

For this purpose we have used the results of the simula-
tions for primary protons and consequently the dependence 
Nc on proton primary energy   was obtained. This depen-
dence is approximated by law:  

 
 
          E0 [GeV] =43.6·Nc 0.93.  (1) 
 
In Fig.1 the top axis is the protons primary energy, the  
“knee” of the spectra (Nc )k is seen at E0 � 3·106 GeV.    
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                                                      Fig.2. The  dependence of the ratio <Nμ/Nc> on E0. 

 
  The energy spectrum of the 2.3 ·10 14 eV ÷ 5·10 16 eV 
primary cosmic rays (PCR) can be obtained through Nc 
spectrum and using the dependence of Nc on E0 (see Figure 
1).  Using this fact, we investigated the nuclear composition 
of the PCR. The dependence of the EAS muon size on the 
EAS size is known to be sensitive to the nuclear composi-
tion of PCR.  We use the muons with E > 1 GeV accompa-
nying the EAS registered� by the muon detector with ~ 
100% efficiency [5].� The dependence of the ratio of the 
number of muons to the central density of the shower’s 
<Nμ/Nc> on E0 from the experimental data for 85days has 
been obtained. The result of compared experimental data 
with simulation results is shown in Fig.2. 
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