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The reality of the old - established processes of the hadron
production in the system of center mass of the colliding nucleons

S. I. Nikolsky
P. N. Lebedev Physical Institute of RAS

Abstract. The break in the extensive air shower spectrum,2 Alternative explanations of the knee in the spectrum

the significant fluctuation in the altitudes of the generation

showers by primary protons at energi@8 — 10'7 eV, the  All showers, forming the spectrum with a knee, have the
very brief cascade process in the atmosphere, which is conmaximum of its development near the observation level
fined by the pion decay — all this peculiarities are connected0, 75 < S < 1,05) and intermix by the absorption length af-
with the very high multiplicity of the secondary hadrons in ter the knee in the EAS spectrum by the number of electrons
the first collision of the primary protons with the air nuclei. (S.I.Nikolsky, 2000). If the decrease of the flux of showers
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1 Introduction

-7
A knee in the spectrum of the extensive atmosphere show 10

ers (EAS) (Fig. 1) had the two explanation: as the knee in

the primary cosmic ray energy spectrum and as the result o

the essential increase of the hadron multiproduction in the ;o-8
first interaction of the primary cosmic ray protons with the
atmosphere nuclei. The first interpretation was fastened afte
discover of the EASs knee (T.Kameda, 1960; G.V.Kulikov,
1960), my be as the some border between the galactic an 107
metagalactic cosmic rays. However the experimental inves
tigation of the EASs by the different cascade parameter S al
lowed to obtain the spectra of showers, produced by the pri- |5-10
mary protons in the depth of atmosphere and the spectrum ¢

the EASs, produced by the primary nuclei. The both spectre

have not any knee at the electron numbgr~ 10°. The re-

ality of such assortment was conformed by the determinatior (g-11 )
of the absorption lengths of this two spectral groups. The ab 10° 10® 107 N,
sorption of the EASs witty < 0, 75 fits to the length of the

protons in the atmosphera;, ~ 87 g/cn?. The absorption  Fig. 1. The components of the total the flux of EASS involving
length of the EASs withh' > 1,05 does not contradict to the  electrons at various values of the paramefeat the observation
absorption of the hadron-electron cascades after the maxievels of 720 g/crh (© < 25°) and 960 g/cm (© > 25°): (o) —
mum of its developmenk,;s > 170 g/cn? (S.I.Nikolsky, S <0.75, (x)=0.75 < S < 1.05and A) - S > 1.05.

2000) (Fig. 1).

with the absorption length of the primary protons can be in an
accordance both with the knee in their primary energy spec-
Correspondence tdS. . Nikolsky (nikols@x4u.lebedev.ru  trum and with the absorption of the shower electrons in the
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atmosphere above the observation level, that the increase ¢
the flux of showers with the absorption length of the hadron-
electron cascade showers can be explained only by a suppi
sition of the significant increase of the hadron multiplicity in
the first inelastic collisions of the primary proton with the at-
mosphere nuclei. Scarcely one can discuss a possibility o
the contrary spectral changes in the same energy region fc
the primary protons and for primary nuclei.
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Fig. 3. Temporal distributions of the number of neutrahfor the
different total multiplisity of detected in monitor neutrons: 316—
400, 500-630, 794-1000, 1258-1584, 1995-2511 (from below up-
wards).
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the energy regiori3 — 5)10'® eV instead(3 — 5)10'° eV
(M.N.Dyakonov, 1990; D.J.Bird, 1993).
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3 Hadron generation with the extreme high multiplicity
10°F

44+ m4 4+

An unexpected experimental indication about an extreme
high multiplicity of the hadrons, generated in the nucleon-
nuclear collisions, was exposed at the investigations of flux
of the non-relativistic neutrons in the EASs (V.Aushev et al.,
1997). The analysis of 850 EASs with the number of elec-
! trons more thari0® revealed 25 showers with the total mul-
800 tiplicity of more than 1260 neutrons in the neutron monitor
x, glem? during the time interval 3,6 msec after the electron front of
the EASs (Fig.3). The peculiar double-peaked shape of the
Fig. 2. Absorption of the electron-photon and hadronic componentsneutron a!rr_ivz_sll time distri_bution_ EXPOses th_e production such
of the EASs cores in the lead of ionization calorimeter. The dataNOn-relativistic neutrons in the inelastic collisions of the EAS
presented fo > S (blacken symbols) anl < S (open symbols) hadrons with the nuclei of the air atoms above the observa-
at various numbers of electrons in show@r:-3)10%; (3—10)10°; tion level (< 10% m), which is impossible to realize without
(1 —3)10° and(3 — 10)10°. the utmost high multiplicity of the secondary hadrons in the
‘first inelastic collision of the primary proton with the air nu-
The fivefold distinction in the number of electrons in the cleon. It means that such hadron multiproduction process
EASs, by which one observes the essential decrease of thiakes place in the first interaction of the primary proton in
relative energy flux in the its cores (Fig. 2), from the numberthe atmosphere and the secondary hadrons are generated in
of electrons by which one observes knee in the EASs specthe centre mass system of the colliding particles. The sec-
trum (Fig. 1), one can understanding only by the suppositionondary hadrons have to be approximately equally on its en-
of the change in the processes of the EASs generation. Thergy, that involves the simultaneous end of the developing
essential increase of the hadron multiplicity accelerates a dehadron cascade in atmosphere. The total number of the non-
velopment of the showers in the upper atmosphere and folrelativistic neutrons in the showers with— 6)10° electrons
lowing absorption of the EASs above the observation level.exceeds more thard® but the exact number of the neutrons
This EASs replenish the shower flow at the number of elec-is unknown, because the experimental data about the lateral
trons N ~ 109, that imitates a knee in the spectrum of the distribution of this neutrons in the showers are absent in re-
EASs. The hard indication upon the wrong of an applica-ality. However even this approximated estimation requires
tion of the model extrapolation of the hadron multiproduc- the extreme high multiplicity of the generated hadrons only,
tion up to energies more)'” eV was obtained at a discover that is possible by the supposition about the generation of the
of the relic GZK limit of the primary cosmic ray nuclei in hadrons in the centre of mass system of two colliding parti-
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cles. The energies of the producted secondary hadrons in tr 3
system of centre mass of the colliding particles can be con: 1
fined between 0,5-5 GeV for the pions and nucleons accord

ingly. The lower energy of secondary pions, produced in the
centre mass system of the colliding nucleons, fits to the trans 10"
verse moments of pions in the processes of the hadron multi
production at the energies of the colliding nucleens - 103

GeV in the centre mass system. The number of secondary p
ons with the energy in the system of centre mass of colliding
nucleons can surpas8* and such process of the pion mul-
tiproduction can be assimilated to a form and the following __

hadronization of the quark-gluon plasma. The further de-Y

il

velopment of the hadron cascade has be limited by the pionE f i
decays after one-two generations. 10° 5 X NS ad i I

The energy of the secondary particles in the centre mas 1 o 10N <3 2x10° 11 h
system~ 5 GeV conforms to a decay of the excited hadron ) O l% J
system into nucleons. This two outermost evens enclose be

tween themselves the all other variants of the hadron multi- T
production in the centre mass system of the colliding nucle- ] {
ons. Now the both variants are indistinguishable for the cos- 1 1
mic ray experiments: the transverse momentum is to small -
the lesser multiplicity of the secondary nucleons and accord
ingly the greater energies after their generation can be com  10° e

107 4

pensated by the one additional generation in the following 10* 10° 107 10"
cascade development. E
F>N). m s st Fig. 5. The energy of hadron in the EAS corgs relatively to the

energy of the primary cosmic particle, (E' = Er/FEo). The left

10-6 curves are the neighboring jets (O.E.Krasnova et al., 2001).
10! tal energy~ 107 — 10® GeV at the inelastic collisions of
" the primary protons with the air nuclei was confirmed by
10 means analysis of the probability to observe the different
energy streams in the cores of the EASs with the differ-
10-° ent electron number (Fig. 5). One can see the full resem-
e R blance of the relations of the hadron energies in the cores to
10710 "~ > ~ the primary energies for the EASs with the electron number
OS> 1,33-10° —3,2-108. This invariable similarity is violated in
107" X v A s AN the next energy interval of the EASs with the electron num-
10 10 10 to 10° N, ber on the observation levél2 - 106 < N, < 107. The

summary energy in the EASs cores decreases in more than
Ffour times (Fig. 2). One can see in Fig. 5, that the en-

sphere depth of 760 g/chf+) and its two components with the dif- ergy of the hadrons in the EASs cores at the electron number
ferent values of the absorption ) of the electron number. Stroke 6 7 . .

I : 3,2-10° < N, < 10" are compared with energies, observed
straight lines conform to the expected spectrum of EASs in the casé€ N 6 | han in 7 f the sh |
of the standard model of the hadron multiproduction. atNe < 3,2-10°% less than in 7 percent of the showers. It

conforms to the generation of such EASs in the interaction
The additional loss of the energy above the observationVith the very high multiplicity of the secondary hadrons in

level, connected with the essential increase of the hadrofhe System of centre mass of the colliding nucleons on the
multiplicity in the first interaction of primary protons at the depth of the atmosphere more than 250 g/cm
energies more thah0” GeV, can see in the difference be-
tween an observation number of the electrons and eXpeCteﬂeferences
one by the extrapolation of the electron number spectrum
from the region before the knee at the number of electrons kameda, T.Maeda et al., in Proceeding of the International Cos-
~ 106 in the region after second inverse knee (L.l.Vildanova, mic Ray Conference, 1960, vol. 2, p. 56.

1994) the electron number spectrum of the EASs (Fig. 4). G.V.Kulikov, N.M.Nesterova et al., in Proceeding of the Interna-
The formation of the short hadron cascades with the to- tional Cosmic Ray Conference, 1960, vol. 2, p. 87.

Fig. 4. Integrated electron number spectrum of EASs at an atmo
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