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Telescope Array experiment

• Largest cosmic ray
detector in the Northern
Hemisphere

• Located in Utah, USA, at
altitude of 1400 m

• 507 surface detectors,
S = 3 m2, distance 1.2 km,
700 km2 total area

• 3 fluorescense stations, 38
telescopes, 3◦ − 21◦

altitude coverage

• > 12 years of constant
data acquisition
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Detection of UHECR

• Fluorescence light: air molecules exitation by a propagating EAS.

• Registration of particle distribution on the ground.

• Radio-emission from the electromagnetic component of a cascade.
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Telescope Array surface detector

solarpanel
(120w)

wLAN (2.4GHz)

electronics
box

(100Ah)
battery

+

box
scintillator

GPS

< Surface Detector >

• 3m2 (12mm × 2 layers)
• PMTs: ET 9123SA × 2

(2cm separation)
• WLSF: 1.0mmφ

∼200kg
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TA hybrid event example





Selected experimental results



Selected TA results

1. Energy spectrum

2. Anisotropy

3. Mass composition

4. Search for UHE photons
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Large-scale anisotropy search

• 11-year TA SD data set
2008–2019

• E > 8.8 EeV

• 6032 events

• Dipole fit: amplitude of
3.3± 1.9 % with a phase
of 131◦ ± 33◦

• Compatible with an
isotropic distribution at a
2σ significance level
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Large-scale anisotropy search

The residual-intensity sky map of UHECRs measured by TA with energies
above 8.8 EeV in equatorial and galactic coordinates.
A dipole structure is seen in the common declination δ < 24.8◦ band shared
with Auger.

TA, ApJL, 898, L28 (2020)
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Mass composition study with the TA SD

Boosted Decision Trees:
ROOT::TMVA

(a, AoP, . . . ) → ξ

SD detector array: > 90 % duty cycle,
larger data statistics compared to FD

Comparison of ξ distributions for data
with Monte-Carlo modelling

〈lnA〉 (E)

TA, Phys. Rev. D 99, 022002 (2019)17



Mass composition study with the TA SD
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Search for point sources of UHE photons

Diffuse photon search with the TA SD: [TA], Astropart.Phys. 110 (2019) 8-14
Hadron background is highly isotropic

⇓

Assume that photons are emitted by point source
⇓

In angular vicinity of the source the photon/hadron ratio would be larger than in full TA
field of view

⇓

Easier to separate photons from hadrons! 19



Results: point-source photon flux upper-limits

Photon flux upper-limit, E > 1 EeV
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Pierre Auger: 〈Fγ〉 ≤ 0.035 km−2yr−1 (1◦ ang.res., 1017.3 ≤ E ≤ 1018.5 eV)

TA, MNRAS 492 (2020), 3984
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Results: point-source photon flux upper-limits

Photon flux upper-limit, E > 3.16 EeV
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Photon flux upper-limit, E > 31.6 EeV
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Future prospects







Expectation of the performance of SD Array

6

57 EeV SD array: square grid with 2.08 km spacing

Trigger condition: adjacent 3 SDs within 14 usec

E > 57 EeV: 

• Reconstruction efficiency > 95% 

• Angular resolution: 2.2°

• Energy resolution: ～25% 

10 EeV



https://www.flickr.com/photos/14288
0279@N06/albums/72157689940402
503

Deployment of Assembled SDs

Helicopter for the
transportation of SDs



Construction of North FD Station
16th Feb. 2018

First light was observed.

(camera 28: Xe Flasher)

Stable operation was started from          
8th June 2018.
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Summary

What’s your targeted physics in next decades?

• Physics beyond the Standard model in it’s connection with
multimessenger astrophysics as a probe tool.

What we need to accomplish?

• Enlarge the statistics of current experiments as well as understand the
EAS physics better to be able to accurately interpret the observations.

Supported by Russian Science Foundation
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Thank you for your attention!
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Observables, sensitive to the primary composition

Shower frontq Linsley curvature parameterq Area-over-peakq Area-over-peak slopeq Number of detectors, excluded
from the shower front
approximation during event
reconstruction

LDFq
Sbq Sum of signals from all
detectors of the eventq Number of detectors hitq
χ2/d.o.f . for LDF
approximations

Muonsq Full number of peaks in all
FADC traces of the eventq Number of peaks in the detector
with the largest signalq Assymmetry between upper and
lower layers of the detectorq Number of peaks, present only
in the upper layer of the
detectorsq Number of peaks, present only
in the lower layer of the
detectors

+ zenith angle, energy of the event



TA SD neutrino search

BDT-based procedure, analogous to the SD mass composition and photon
search. 0 candidets in the data. Upper limit on the number of neutrino
events of all flavors: nν = 2.44 (90% C.L.).

Upper limit on the diffuse flux of neutrino of one flavor with E > 1018 eV:

EFν < 1.58× 10−6 GeV cm−2 s−1 sr−1 (90% C.L.) .

TA, arXiv:1905.03738 (2019)



TA SD neutrino search
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