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Selected results on ultra-
high energy cosmic rays 

from Telescope Array

● Rubtsov G.I. (INR RAS), May 24, 2024
● Pereslavl-Zalessky
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Greisen-Zatsepin-Kuzmin cutoff
1966

Heavy nuclei photodisintegrate
at the same energies
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The problem of the origin of
cosmic rays
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Telescope Array observatory
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Telescope Array Collaboration

145 members, 33 institutes, 8 countries
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Telescope Array observatory
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TA Low Energy extension (TALE)
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TAx4 project, ~3000 km2

• TA4 motivation
- greatly increase the data 
sample at the highest 
energies in order to identify 
UHECR sources

• SDs
- 500 new SDs at 2.08 km 
spacing
- 257 deployed thus far and 
operational

• FDs
- 12 telescopes deployed and 
operational
- 4 North and 8 South
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TA4 Northern FDs

TA4 Southern FDs

TA4 SDs
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TA surface detector event 
reconstruction
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TA hybrid and stereo event 
reconstruction
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From 1015 eV to more than 1020 eV
within one observatory

J. Kim, ICRC’2023
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Observation of GZK cut-off by
HiRes experiment

Monocular: Quarks’06; PRL 100 (2008)
Stereo: Astropart. Phys. 32 (2010)

First observation at 5σ confidence level!
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GZK effect confirmation by Auger
and TA observatories

Telescope Array Collaboration
Astrophys.J.Lett. 768 (2013) L1

5.5σ confidence level

Pierre Auger Collaboration
PRL 101 (2008)

Phys. Lett. B 685 (2010)
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Auger and TA spectrum results

Auger and TA spectrum Working group
Y. Tsunesada, ICRC’2023
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GZK horizons

A. Olinto et. al., White paper on UHECR (2009)
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Is charged particle astronomy 
possible?

● Deflection of 60 EeV protons in the galactic magnetic field is about 
2o-6o

● The highest energy cosmic rays should trace back to their sources
● Cosmogenic photons and neutrinos are produced in interactions 

with CMB and EBL
Berezinsky, Zatsepin, Phys. Lett B 28, 423 (1969)
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Hillas plot:
possible UHECR sources

Ptytsina, Troitsky,
UFN 53 (2010) 691
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Observed UHECR sky
● Joint Auger + TA data
● Flux excess is overved in Centaurus A are 

at South and Ursa Major constellation and 
Perseus-Pisces Supercluster regions at 
North

● No individual sources are observed
L. Caccianiga, ICRC’2023

See talk by K. Dolgikh (this conference)



21

Telescope Array hot spot
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Telescope Array hot spot
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TA-Auger: correlations with
starburst galaxies

L. Caccianiga
ICRC’2023

M. Kuznetsov
ICRC’2023
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Why don’t we see the sources?
● Disappointing model

R. Aloisio, V. Berezinsky, A. Gazizov Astropart.Phys. 34 (2011) 620

● No cosmogenic photons, no cosmogenic neutrinos
● We will not see the sources
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Why don’t we see the sources?
● Disappointing model

R. Aloisio, V. Berezinsky, A. Gazizov Astropart.Phys. 34 (2011) 620

● No cosmogenic photons, no cosmogenic neutrinos
● We will not see the sources
● Is this the case? The primary composition is a key



26

Composition at lower energies

Peter’s cycle scenario is supported K.Fujita, ICRC’23
What do we have at the highest energies?
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Primary composition

Machine learning technique based on Boosted decision trees
Phys.Rev.D 99 (2019) 2
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Mass composition from anisotropy
of the arrival directions 

See talk by M. Kuznetsov (this conference)
Telescope Array Collaboration, accepted to PRD and PRL during Quarks-2024

Heavy composition at the highest energies (E>100 EeV)!
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Search for primary photons

See talk by I. Kharuk (this conference)
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UHE neutrino search

Michail Schimp (Pierre Auger Collaboration), ICRC’2021
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Disappointing model?

● No cosmogenic photons, no cosmogenic neutrinos
● What we expect:

– Dipolar and quadrupolar anisotropy
– Astronomy with the highest energy particles
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Search for dipole and quadrupole

di Matteo, Tinyakov, MNRAS 476 (2018) 715

● If the source distribution tracks the overall matter distribution, the dipole and 
quadrupole anisotropy should be observable
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The dipole discovery by Auger

Pierre Auger collaboration, ApJ 868 (2018) 4
● The dipole has been discovered at 5σ confidence level at E>8 EeV
● Consistent with the isotropic sources model with the source density ρ=10-4 Mpc-3
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Dipole and quadrupole results by
Auger+TA joint working group

di Matteo, Tinyakov, MNRAS 476 (2018) 715
L. Caccianiga, ICRC’2023

Heavier composition is preferred!
Alternative: stronger EG magnetic fields.
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Declination Dependence in the
TA SD Spectrum
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An extreme Energy Event 
registered by TA SD

● Observed with TA SD at 10:35:56 on 27 May 2021 (UTC). No FD 
observation

● E = 244 ± 29(stat.) ± 51(syst.) EeV, zenith angle θ = 38.6° 
Science 382, 903–907 (2023).
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Observation of the event with 
extremely high energy

Telescope Array Collaboration, Science 382, 903–907 (2023).
M. Kuznetsov,  JCAP 04 (2024) 042

See the talk by M. Kuznetsov (this conference)

● E = 2.44x1020 эВ
● Event is coming from 

cosmic void
● Not a gamma-ray
● Primary particle should 

be a heavy nuclei
● The source is closer 

than 5 Mpc
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TA proton-air cross-section

Measuring XMAX attenuation 
length in hybrid mode.

TA Collaboration, Phys. Rev. D 102 (2020) 062004
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Muon content analysis

Dennis Soldin, UHECR’2022
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Muon excess problem

Arteaga-Velázquez, ICRC’2023
See the talk by N. Martynenko (this conference) 
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Conclusions
● Telescope Array Observatory has the largest UHECR 

statistics at the Northern Hemisphere
● An extremely high energy event (E = 2.44x1020 eV) have 

been observed at TA
● There are several evidences of cosmic ray composition 

hardening at the highest energies
● The charged particle astronomy is possible for the highest 

energy events. The nearest source is not far away
● An enhanced statistics of TAx4 is crucial for determining the 

origin of cosmic rays
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  Thank you!

This work is supported in the framework of the State project ``Science'' by the 
Ministry of Science and Higher Education of the Russian Federation under the 
contract 075-15-2024-541.
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