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PROJECT APPROVED BUDGET
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▰ Project started in 2019 FY

▰ Fund carry-over is requested in 2020 and 2021 FY

▰ Spending: visit of group member M.Kudenko to ICRR

▰ The application is submitted for 2023 FY

INSTITUTE FOR NUCLEAR RESEARCH OF THE RUSSIAN ACADEMY OF SCIENCES



LIST OF PARTICIPANTS
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RESEARCH PURPOSE
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▰ Determine the chemical composition of the 
ultra-high-energy cosmic rays from 1 EeV to 
100 EeV using the data of TA and TAx4 
Surface Detector.

▰ Search for ultra-high energy photons with the 
TALE Fluorescence Detector

▰ Search for anisotropy and sources of cosmic 
rays, photons and neutrinos.
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THE RESULTS OF THE 2022 FY
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▰ An architecture of the deep learning method for identifying
primary particle types of the TA SD events has been
developed. The method is based on the chain of two
neural networks. The first works as a classifier for
individual events, while the second predicts fractions of
elements in an ensemble of events based on the inference
of the first network.

▰ The classifier employs full time-resolved signals from all
triggered TA SD stations along with 16 composition-
sensitive observables.
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TELESCOPE ARRAY SURFACE DETECTOR
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▰ Largest statistics in the
Northern hemisphere

▰ TA SD is operating since
May 2008

▰ Extension: TAx4



MACHINE LEARNING ARCHITECTURE
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▰ Two stages, both using neural network

▰ 1st stage: classifier for individual events

▰ 2nd stage: analysis of the ensemble of events



1ST STAGE: NEURAL NETWORK CLASSIFIER
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particle type (p, He, N, Fe)



2ND STAGE: CONVERTER OF THE PREDICTION
FOR THE ENSEMBLE
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▰ Two examples of the ensemble composition estimate



2ND STAGE: CONVERTER OF THE PREDICTION
FOR THE ENSEMBLE
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▰ We estimate the composition of the dataset with reasonable
accuracy, while the types of particles for individual event are
unknown
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ありがとうございました。
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