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3Cosmic ray sources are uncertain.

10-3 km-2 yr-1 (E > 1020 eV)

Ultra-High-Energy Cosmic Rays

2022/9/29



4

confineÅ Magnetic fields of the sources confine 
cosmic ray particles up to the energies
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Arrival Directions
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SOPHIA

Allard 2006

< 100 Mpc
Ҧ 
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Allard 2011
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ÅCosmic ray sources are uncertain
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Observation of UHECRs
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FD station

SD array

28km

TALE

SD array

Surface Detector

(SD)

Fluorescence Detector

(FD) station

1.2 km 

700 km2

507 SDs

2 3 m2  1.2 cm 

12 telescopes

TA

2008 5 SDFD

39.30 N
112.91 W
1382 m

Å

ÅSD FD
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1.5 km spacing 1600 SDs: cover 3000 km2

4 FD sites
Operation in a stable mode from 2004

TeVPA2019 Dawson
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TALE (Telescope Array Low energy Extension) 

2022/9/29

TALE FD was
installed in Nov. 2012 

14

TALE 
80 SDs



Event reconstructions with SDs
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Empirical formula used by AGASA

Modiýed empirical formula in AGASA

Event map:

Size = # of particles

Color = timing
Time ýt

Lateral distribution proýleýt

r  = 8 0 0 m

S800

Timing -> shower geometry

S800 -> primary energy
2022/9/29
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Event reconstructions with FDs
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17D. Ivanov, ICRC2021

TA SD 11 years data

Fit to broken power law

Log (E (eV)) Ankle
= 18.69 0.01

Log (E (eV)) E2

= 19.81 0.03

2022/9/29

TASD TAFD

HiRes

Auger
1.3x1019 eV

index

TA SD, FD HiRes

broken power law fit 
1019.25 0.03 eV
break 5.3̀
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Combined energy spectrum of TA SD with TALE FD Mono.

Log (E (eV)) 
= 16.22 0.02

Knee
Log (E (eV))
Second knee 
= 17.04 0.04

Log (E (eV))
Ankle 
= 18.69 0.01

Log (E (eV))
Cutoff 
= 19.81 0.03

D. Ivanov 
Log (E (eV)) 
= 19.25 0.03
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D. Ivanov

Å

ïlog(E/eV) = 19.64 0.04 (-16 - 24.8 )

ïlog(E/eV) = 19.84 0.02 (24.8 - 90 )

Å 4.3̀

TA SD data

Auger

2022/9/29 19

22 months TALE FD monocular data + 11 years TA SD data
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Auger Energy Spectrum
ICRC2021



E > 57 EeV (TA hotspot)
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Preliminary

J.H. Kim,

℅

Significance map from isotropy expectation

TA SD 12 years data

2022/9/29

- 179 E > υȢχ ρπ eV (12 TA SD )

- Maximum local significance: 5.1„(144.0°, 40.5°)

: 40

: 14.6

- Post- trial probability: ╟ἡἙἍ Ȣ Ɑ Ȣ Ą ȢⱭ



E > 1019.4eV
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arXiv: 2110.14827
Submitted to ApJL

CƻǊ 9 җ мл19.4 , 3.6„
CƻǊ 9 җ мл19.5eV, 3.6„
CƻǊ 9 җ мл19.6eV, 3.4„
(20 oversampling 

)
11 TA SD

hotspot

New excess



Correlation of arrival directions with astrophysical sources
searched by the Auger and TA anisotropy working group
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A. di Matteo

ÅAuger: E > 38 EeV
ÅTA: E > 49 EeV
ÅCorrelations with a sample of 

nearby starburst galaxies and 
2MRS catalog galaxies.

ÅAngular scales and energy 
thresholds were scanned.

ÅPost-trial significance of the 
correlation with starburst galaxies 
is estimated to be пΦнˋ.

Rescale of energies

Equatorialcoordinate
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Auger intermediate-scale anisotropy
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Auger correlation studywith catalogs



Measurement of mass composition with TA SD and FD in hybrid mode

Å Energy Range: 1018.2eV ς1019.1eV
Å 3560 events after the quality cuts
Å Systematic uncertainty of <Xmax>: 17 g/cm2

Å QGSjetII-04 interaction model was compared with the data
Ҧ agreement with light composition

Å More events are needed to study highest energies

W. Hanlon 10 years TA SD and FD hybrid data
Mean Xmax ˋ όXmax)
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Measurement of mass composition with TA SDs

2022/9/29 2023 A 27

Y. Zhezher

Machine learning technique based on BDT and 16 composition-sensitive observables 
with 12 years of TA SD data. 



Measurement of mass composition with TALE FD in monocular mode

ÅJun. 2014 ςNov. 2018  TALE FD mono data
ÅEnergy Range: 1015.8eV ς1018.3eV
ÅBreak point log (E/eV) = 17.291 лΦлсл Ҍ лΦлтт ҍ лΦлуп (EPOS LHC)

ApJ 909 178 (2021)
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Upper limits of UHE photons

29

MNRAS, 492, 3984 (2020) Astropart. Phys. 110, 8 (2019)
updated in 2021.  

Å UHE photons were not detected.
Å Left: the updated upper limit on GZK photons with 11-years TA SD data
Å Right: upper limit for directions in the field of view with 9-years TA SD data
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Measurement of mass composition by Auger



Xmaxanisotropy by Auger
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Implications of anisotropies from the ICRC2021

Auger

TA

Common with Auger



TA

2.08 km SD 500 (TASD: 1.2 km spacing)

TA SDs 4 TA SD (~2800 km2)

257 2019 3

2019 11 6 Ÿ

2 FD (4+8 HiRes Telescopes) 

: 2018 6

: 2020 9

4 TA SD SD

3 TA SDFD SDFD 

TAx4

TA SD

TAx4 north 
FD

TAx4 south 
FD

TAx4 
SD

Spacing: 2.08 km

Spacing: 2.08 km

Spacing: 1.2 km

SD

SD

TAx4 SD: 

NIMA, 1019,

165726 (2021)



SD (2.08km 257 )
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H. Jeong

TASD9 ḧχД˔Ќ

TAx4 SD 1 yeardata

2019/11 ς2020/11

2023 A ʅ ˻̠ ʆּו ᴰ

Timing fit 

Ÿ Shower geometry

Lateral fit 

Ÿ Energy
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