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Towards precise understanding of extensive air-showers, which are used for
observation of ultra-high energy cosmic rays, measurements of very forward productions of
gamma-rays, neutrons and neutral pions were performed. A study of hadronic interaction of cosmic
rays was made for a wide range of energies from 10**14 eV to 10**17 eV, and for the Feynman scaling,

scale invariance nature of very forward energy spectra independent on collision energies. In
addition, the energy spectra of gamma-ray energy spectra each from diffractive and non-diffractive
interactions were firstly obtained thanks to combined analysis with the ATLAS central detector.
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