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Cerenkov radiation of cosmic ray extensive air showers. Part 2.
Cosmic ray energy spectrum in the region ofl0'® ~ 107 eV

S. Knurenko, V. Kolosov, Z. Petrov, . Sleptsov, and S. Starostin
Institute of Cosmophysical Research and Aeronomy, 31 Lenin Ave. 677891 Yakutsk, Russia

Abstract. By data of small autonomous Cherenkov array the before and after the knee in the energy spectrum is the
spectra by the EAS Cherenkov light fluxes and total numbers perspective direction in the answer the first question of tt
of the charged particles at sea-level have been obtained. The origin and nature of an irregularity in the primary cosmic r
coupling coefficient between the primary energy and charged energy spectrum.

particle numbers has been determined. The comparison of

experimental data with the calculations by the QGSJET modeR  Experiment and Shower Treatment

for the primary pure protons and the pure iron nuclei has

shown that the knee in the energy spectrum is perhaps After modernization in 1993, the Yakutsk EAS complex
connected with the change of the primary particle mass array (see Fig.1) represents the branching local network
composition. Before the knee the mass composition is close tmperating in the real-time regimafénasiev et al., 1996) The
the normal. After the knee the fraction of heavy nuclei network includes the main array ai.2 kn? control area, th
increases. small Cherenkov array of B10° m? control area and the lar

muon dne%tector with the threshold energy 0,5 GeV and the

of 190 nf.
1 Introduction

33 ‘2,2 293 24 21.+
There is an unambiguous opinion about the nature and o % % &
acceleration of cosmic rays (c. r.) in the region of° +Q.0" = ¢ ¢ 6 8 EETE &
eV. The c. r. acceleration theory on shock waBeseghko and " LF.¥ I“}%ﬁ’nﬁéﬁﬁ%g -
Krymsky , 1988)cannot explain the form of the c. r. energy = v w 4;@590 SO & < &
spectrum above 10eV observed experimentally. The , T 7 Fv wme ¥ &
proposed hypothesigilykin and Wolfendale, 199@bout the = e FaX/e w ¥ @
close single c. r. source also cannot completely decide this . 1o 16
. L & 3 s > &
task. Up to the present there is not any data on significant 5 : - L : ]
anisotropy in this energy region. IBfinov, 1967;Pogorely, arr /
1992)it is shown, that c. r. in the10** + 10'° eV region are e
propogated isotropically. One cannot exclude the hypothesis N0 os(sm)%” "' Ycnoenvie opoaHAueHHA |
about the possible new, unknown yet processes occurring at a7 o zecsoc / e —cunnT. zerexrop 2m?
so high energies and their influence on the EAS spectrumunti % @ & s geToneD
will be known precisely the model of interaction of hadrons in ‘@2 s B Y a1-att s e e oo
the energy region above ®@V. It is not inconceivable that woss 32 7isg0 Basty o; a1 ey ey Sesi 08 WA
sequence account of the strong and weak interactions in the o7(3500)° % g%‘e 7® %l AhisHenoro mbwa T
pionization and fragmentation regions of the secondary particl - % 9 oNT R pomocon I
generation in such processaiikblsky,1992)can initiate in turn o3 o e 2o
3 g5 83 CHOT'O M3JNydeHWUs

the irregularity in the energy EAS spectrum. § . ,
In our opinion, only the complex study of all EAS 20 S00m
characteristics including the dependence of them on the energy

Fig.1. Schematic view of the Yakutsk Complex Arras)-(the

scintillation detector of 2fn (0)- the Cherenkov light receiver.
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The small Cherenkov array addited by new observation the knee if8; = (-2,63+ 0,03), and after the kneefis = (-3,12
points is located in a center of the main array. The +0,02).
observation points are located symmetrically relative to the
center of the main array and form a net of the equilateral
triangles the sides of 50, 100, 250, 500 m. The EAS events are
selected by the coincidence of responses from three Cherenkoy~
detectors located at the tops of equilateral triangles for the time
of 2,5 ms. For showers with,B 10" eV the small array e
operates synchronouly with the large array. Since the operation}»
of the small Cherenkov array we carried out observations of £
the EAS Cherenkov duringR716 hour observations and g”
registered]2,510° eV EAS events with energies above®10 w
eV. The showers are selected by the parameter Q(100) - the =
density of the Cherenkov light flux at a distance of 100 m of
the shower core. This parameter, as the calculatietsyév et
al., 1980)have shown, depends weekly on a zenith angle and is w w — w
measured in every shower. The transition to the shower
primary energy has been made according to the formula: Ey eV

Eo= (5,E1,1)KQ(100)/16)0'%: 0,02 (1) Fig.2. Thedifferential energy cosmic ray spectrui. is our result;

which is obtained by the calorimetric methadapasiev et al., E —is theAkeno array (Nagano et al., 1984); G —is the Tunka ar

1993) In Eqg. (1) the condition of the atmosphere are taken into

(Gress etal., 1999); | — is the CASA — BLANCA array (Fowler ¢
account.

. ) al., 2000); N — is the KASCAD array (Kampert et al., 2000).
3 Results and Discussion

By the measurement results the EAS spectra have been
constructed by the Q(100) and(6f) parameters. Here40°)

is the total particle number at sea level. The transition to the
vertical has been carried out by the barometric height formula:

Ny(0?) = Ny(6) Exp(X(sed - 1)A), ()

()
o
whereA is the charged particles absorption path being equal tc§_
>
()

= (215 + 20) + (10+ 3)[g(N/1Q) + 150(sed - 1) (3)

s?

=z
The dependence (3) has been obtained from the correlation ;
analysis of the Nand Q(100) parameters in showers arriving
at various zenith angles (see in Part. 3). The transition from N
to B has been carried out by the formula

Ng09) = (5,74+1,15) + (1,10+ 0,02)I§(Q(r = 100)/1F) (4)

and by using (1). The differential EAS spectrum bylthe

parameter has the irregularity as[M(3,3+ ,8)[10° of particles

in a simple power presentation has the following power

indices: before the kneg, (= -2,42+ 0,03) and after the knee  Fig.3. Dependence of the ratig/il; on primary energy & Curves:
(2 = -2,85+ 0,02). Fig.2 presents the differential cosmic ray

energy spectrum. It is seen that the region of the spectrum primary protons (---) and primary nuclei of iron (...).Calculations
irregularities falls on the energy interval ¥2)10" eV (i.e.

at Q(100)I(6,5+ 1,0)10° phot. / m2. If we approximate the
spectrum by a simple power law then the power index before

the QGSJET model (Knurenko et al, 1999).
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The differential energy spectrum obtained using (2), (3), (4)standard program of the treatment and analysis of shower
from the spectrum by thesldarameter within the experimental used. From Fig.3 one can make a conclusion that the knei
errors coincides with the spectrum obtained from the EAS  the cosmic ray energy spectrum gtiB[10" eV is probably
spectrum by the Q(100) parameter. If we consider the connected with the change of the mass composition of pri
spectrum form in detail then it is necessary to mark a step the particles if the QGSJET model is true for the description o
intensity doesn't change practically in the energy range’6f 10 EAS development of such energies. Perhaps, the next ani
+ 210" eV. Such a form of the spectrum is also observed by of all EAS components at a fixed energy including
data from other arrays (see Fig. 2). But it is prematurely to sayfluctuations the distribution form of the shower parameters
unambiguously about a thin spectrum structure in the interval their correlation's will help to resolve this task.
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