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Integrated study in very forward productions in high energy cosmic ray
interactions by colliders
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Towards the precise understanding of the air showers caused by ultra-high
energy cosmic rays from the 10**14 to 10**17 electron volt regions, we have studied very-forward
neutral particle productions in LHC 13TeV proton-proton collisions and in RHIC 510GeV polarized
proton-proton collisions.

We have found good Feynman scaling in the very-forward gamma-ray productions by comparing the RHIC
and the LHC data. We also discovered the transverse asymmetry of very-forward neutral pion
productions in the RHIC transverse polarized collisions. We have also studied diffractive scattering
by ATLAS-LHCF combined analysis, which is responsible for very forward particle production, and its
effects on the development of air showers.
In addition, we have prepared for future measurements such as LHC Run-3 and proton-oxygen nuclear
collisions at LHC and possible extension of RHICF-I1.
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