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Abstract. The article considers showers produced by primary particles with energies Eo > 100 EeV. The showers were registered in the course of continuous long-term observations at the
Yakutsk array of extensive air showers. In the present work, the mathematical processing of showers was repeated and the phenomenology of the charged component, muons with threshold
e, > 1 GeV and radio emission in the region of highest energies was refined. The characteristics of cosmic rays are analyzed: the energy spectrum and mass composition determined from
the Cherenkov, muon components and radio emission in the energy range 50-200 EeV.
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parameter p,(R=600). energy. Red triangles — air showers with
highest energies.
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The characteristics of the showers, reconstructed from the analysis of the radial development of

particles at sea level, are presented in Table. The date of registration of the showers, the energy

A . - determined from the parameter p,(600), the zenith angle 6, the depth of maximum development
Energy estimation and depth of maximum determination fthe sh dth | ber of charaed particl d indicated h
At the Yakutsk array with detectors spacing 500 and 1000 m, the energy in the shower can also of the shower Xmax, and the total number of charged particles Ns and muons are indicated N,.. The
- ; i : classification parameters py+e (600), p. (600) have been measured most accurately. Their relative
be measured by the muon flux density at distances 600 m from the shower axis. The ! .
. X . - errors are 0.15-0.18 and 0.17-0.20, respectively. The errors in Ns and Ny, are 30-35%.
relationship between the energy Eo and p.(R=600) was found empirically, based on the L -
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w Within the framework of the selected QGSjetll-04 model we estimated mass composition using
interpolation method for cosmic rays of highest energies. According to the QGSjetll-04 model,
100 vertical showers are formed by CNO nuclei. The depth of the maximum of strongly inclined
showers lies within the depths of 700-750 g-cm2, and this corresponds to nuclei of a larger atomic
Average LDF of charged particles weight than the iron nucleus. If we assume that the models do have a deficit of muons at such
and muons. <Eo¢> = 1-10% eV, <0> energies, then all showers could be formed by CNO-type nuclei or iron nuclei. In this case, it can
=18.5°, be argued that the particles behind the break in the spectrum at the energy Eo > 50 EeV are heavy
nuclei.
Summary

At the Yakutsk array, thanks to long-term observations, it was possible for the first time to register showers with an energy of Eo > 100 EeV. In the showers, the electron-photon component, muons
with a threshold e, > 1-sec GeV, Cherenkov and radio emission. Their phenomenological characteristics, radial and longitudinal development, including the spatiotemporal characteristics of
signals in scintillation detectors from shower particles of different masses are studied. Vertical and strongly inclined showers are considered, and it is noted that strongly inclined showers consist
of high-energy muons. If we ignore all possible inaccuracies in the course of calculation and processing of artificial showers, as well as experimental errors, the model has a lack of high-energy
muons, i.e. there is a muon deficit in the QGSjetl1-04 model. The estimate of the mass composition obtained from showers with Eo > 100 EeV confirms the tendency for an increase in the number
of heavy nuclei in the flux of primary cosmic radiation particles at such energies. The characteristics of the largest showers given in Table indicate that the showers are produced by heavy nuclei.
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