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Telescope Array collaboration

119 collaborators from 30 institutes in 9 countries and regions

R.U. Abbasi (1), T. Abu-Zayyad (1,2), M. Allen (2), J.W. Belz (2), D.R. Bergman (2), |. Buckland (2), W. Campbell (2),

B.G. Cheon (3), K. Endo (4), A. Fedynitch (5,6), T. Fujii (4,7), K. Fujisue (5,6), K. Fujita (5), M. Fukushima (5), G. Furlich (2),

Z. Gerber (2), N. Globus (8), W. Hanlon (2), N. Hayashida (9), H. He (8), K. Hibino (9), R. Higuchi (8), D. lkeda (9), T. Ishii (10),

D. Ilvanov (2), S. Jeong (11), C.C.H. Jui (2), K. Kadota (12), F. Kakimoto (9), O. Kalashev (13), K. Kasahara (14), Y. Kawachi (4),

K. Kawata (5), I. Kharuk (13), E. Kido (8), H.B. Kim (3), J.H. Kim (2), J.H. Kim (2), S.W. Kim (11), R. Kobo (4), I. Komae (4),

K. Komatsu (15), K. Komori (16), C. Koyama (5), M. Kudenko (13), M. Kuroiwa (15), Y. Kusumori (16), M. Kuznetsov (13,17),

Y.J. Kwon (18), K.H. Lee (3), M.J. Lee (11), B. Lubsandorzhiev (13), J.P. Lundquist (2,19), A. Matsuzawa (15), J.A. Matthews (2),
J.N. Matthews (2), K. Mizuno (15), M. Mori (16), M. Murakami (16), S. Nagataki (8), M. Nakahara (4), T. Nakamura (20),

T. Nakayama (15), Y. Nakayama (16), T. Nonaka (5), S. Ogio (5), H. Ohoka (5), N. Okazaki (5), M. Onishi (5), A. Oshima (21),

H. Oshima (5), S. Ozawa (22), I.H. Park (11), K.Y. Park (3), M. Potts (2), M. Przybylak (23), M.S. Pshirkov (13,24), J. Remington (2),
C. Rott (2,11), G.I. Rubtsov (13), D. Ryu (25), H. Sagawa (5), N. Sakaki (5), R. Sakamoto (16), T. Sako (5), N. Sakurai (5),

S. Sakurai (4), D. Sato (15), S. Sato (16), K. Sekino (5), T. Shibata (5), J. Shikita (4), H. Shimodaira (5), B.K. Shin (25),

H.S. Shin (4,7), K. Shinozaki (26), J.D. Smith (2), P. Sokolsky (2), B.T. Stokes (2), T.A. Stroman (2), Y. Takagi (16), K. Takahashi (5),
M. Takeda (5), R. Takeishi (5), A. Taketa (27), M. Takita (5), Y. Tameda (16), K. Tanaka (28), M. Tanaka (29), S.B. Thomas (2),
G.B. Thomson (2), P. Tinyakov (13,17), I. Tkachev (13), T. Tomida (15), S. Troitsky (13), Y. Tsunesada (4,7), S. Udo (9),

F. Urban (30), I.LA. Vaiman (13), M. Vrabel (26), D. Warren (8), K. Yamazaki (21), Y. Zhezher (5,13), Z. Zundel (2), and J. Zvirzdin (2)

~— —~

(1) Department of Physics, Loyola University Chicago, Chicago, lllinois 60660, USA, (2) High Energy Astrophysics Institute and Department of Physics and Astronomy, University of Utah, Salf
Lake City, Utah 84112-0830, USA, (3) Department of Physics and The Research Institute of Natural Science, Hanyang University, Seongdong-gu, Seoul 426-791, Korea, (4) Graduate School
of Science, Osaka Metropolitan University, Sugimoto, Sumiyoshi, Osaka 558-8585, Japan, (5) Institute for Cosmic Ray Research, University of Tokyo, Kashiwa, Chiba 277-8582, Japan, (6)
Institute of Physics, Academia Sinica, Taipei City 115201, Taiwan, (7) Nambu Yoichiro Institute of Theoretical and Experimental Physics, Osaka Metropolitan University, Sugimoto, Sumiyoshi,
Osaka 558-8585, Japan, (8) Astrophysical Big Bang Laboratory, RIKEN, Wako, Saitama 351-0198, Japan, (9) Faculty of Engineering, Konagawa University, Yokohama, Kanagawa 221-8686,
Japan, (10) Interdisciplinary Graduate School of Medicine and Engineering, University of Yamanashi, Kofu, Yamanashi 400-8511, Japan, (11) Department of Physics, Sungkyunkwan
University, Jang-an-gu, Suwon 16419, Koreaq, (12) Department of Physics, Tokyo City University, Setagayarku, Tokyo 158-8557, Japan, (13) Institute for Nuclear Research of the Russian
Academy of Sciences, Moscow 117312, Russia, (14) Faculty of Systems Engineering and Science, Shibaura Institute of Technology, Minato-ku, Tokyo 337-8570, Japan, (15) Academic
Assembly School of Science and Technology Institute of Engineering, Shinshu University, Nagano, Nagano 380-8554, Japan, (16) Graduate School of Engineering, Osaka Hectro-
Communication University, Neyagawa-shi, Osaka 572-8530, Japan, (17) Service de Physique Théorique, Université Libre de Bruxelles, Brussels 1050, Belgium, (18) Department of Physics,
Yonsei University, Seodaemun-gu, Seoul 120-749, Koreq, (19) Center for Astrophysics and Cosmology, University of Nova Gorica, Nova Gorica 5297, Slovenia, (20) Faculty of Science, Kochi
University, Kochi, Kochi 780-8520, Japan, (21) College of Science and Engineering, Chubu University, Kasugai, Aichi 487-8501, Japan, (22) Quantum ICT Advanced Development Center,
National Institute for Information and Communications Technology, Koganei, Tokyo 184-8795, Japan, (23) Doctoral School of Exact and Natural Sciences, University of £odz, £6dz, £odz 90-
237, Poland, (24) Sternberg Astronomical Institute, Moscow M.V. Lomonosov State University, Moscow 119991, Russia, (25) Department of Physics, School of Natural Sciences, Ulsan
National Institute of Science and Technology. UNIST-gil, Ulsan 689-798, Koreq, (26) Astrophysics Division, National Centre for Nudlear Research, Warsaw 02-093, Poland, (27) Earthquake
Research Institute, University of Tokyo, Bunkyo-ku, Tokyo 277-8582, Japan, (28) Graduate School of Information Sciences, Hiroshima City University, Hiroshima, Hiroshima 731-3194, Japan,
(29) Institute of Parficle and Nuclear Studies, KEK, Tsukuba, lbaraki 305-0801, Japan, (30) CEICO, Institute of Physics, Czech Academy of Sciences, Prague 18221, Czech Republic)
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Journal articles

1.

2.
3.

4.

“Mass composition of ultrahigh energy cosmic rays from distribution of their arrival directions with the Telescope Array”, Telescope Array Collaboration, Phys. Rev. D 110
(2024) 022006

“|sotropy of Cosmic Rays beyond 1020 eV Favors Their Heavy Mass Composition”, Telescope Array Collaboration, Phys. Rev. Lett. 133 (2024) 041001

“Intermediate Fluence Downward Terrestrial Gamma Ray Flashes as Observed by the Telescope Array Surface Detector”, Telescope Array Collaboration, Journal of
Geophysical Research: Atmospheres, Volume129, Issue24 (2024) e2024JD041260

“First Time-Resolved Leader Spectra Associated With a Downward Terrestrial Gamma-Ray Flash Detected at the Telescope Array Surface Detector”, Journal of
Geophysical Research: Atmospheres, Volume129, Issue24 (2024) e2024JD041720

Presentation

1. Calibration of the TA Fluorescence Detectors and Systematic Uncertainties in UHECR Analysis, T. Tomida, UHECR2024 (2024) Argentina

2. Correlation studies on UHECR arrival direction and source candidates, with a convolution of magnetic field and mass composition, R. Higuchi, UHECR2024 (2024)
Argentina

3. Cosmic Ray Composition Measurement between 3PeV to 30PeV with the TALE Hybrid Detector, K. Fujita, UHECR2024 (2024) Argentina

4. Depth of maximum of air-shower profiles: testing the compatibility of the measurements at the Pierre Auger Observatory and the Telescope Array, A. Yushkov,
UHECR2024 (2024) Argentina

5. Development of an analysis method for neutrino-induced air showers with the Telescope Array surface detectors, K. Takahashi, UHECR2024 (2024) Argentina

6. Evaluation of the Telescope Array Surface Detector’'s Energy Reconstruction Performance using a Deep Neural Network and Hybrid Data, A. Proskin, UHECR2024
(2024) Argentina

7. Measurement of cosmic rays with energies down to the PeV region using the TALE-infill SD array, Y. Kawachi, UHECR2024 (2024) Argentina

8. Measurement of cosmic-ray energy spectrum with the TALE detector in hybrid mode, H. Oshima, UHECR2024 (2024) Argentina

9. Search for magnetic deflection multiplets in the observed data by the Telescope Array surface detectors, E. Kido, UHECR2024 (2024) Argentina

10. Search for ultra-high energy photons using the Telescope Array Surface Detector array, G. Rubtsov, UHECR2024 (2024) Argentina

11. TA SD energy spectrum analysis, J.H. Kim, UHECR2024 (2024) Argentina

12. TA SD medium-scale anisotropy analysis, J.H. Kim, UHECR2024 (2024) Argentina

13. Telescope Array anisotropy summary, M. Kuznetsov, UHECR2024 (2024) Argentina

14. Tests of anomalous correlations between ultra-high-energy cosmic rays and BL Lac type objects with the Telescope Array data, S. Troitsky, UHECR2024 (2024)
Argentina

15. The fractional analysis of mass composition measured by the Telescope Array FADC fluorescence detectors in hybrid mode, J.H. Kim, UHECR2024 (2024) Argentina

16. Update on full-sky searches for large- and medium-scale anisotropies in the UHECR flux using the Pierre Auger Observatory and the Telescope Array, M. Bianciotto,
UHECR2024 (2024) Argentina

17. Analysis of Inclined Air Shower Events Observed by the TAx4 SD, C. Koyama, UHECR2024 (2024) Argentina

18. Latest updates and results from the Fluorescence detector Array of Single-pixel Telescopes (FAST), F. Bradfield, UHECR2024 (2024) Argentina

19. Progressin the development of the observation system for the CRAFFT project, Y. Tameda, UHECR2024 (2024 ) Argentina
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TASD : Ry I‘X"ﬁ“/ » @Efﬁf%ﬁé% E. Kido, UHECR2024

25°-radius oversampling o St plane
%0’ eV o1 10,
E=>5.7xX10"7eV Max. Sig. #

B 60

W

____________________________________________ .
He+ 2016

-30°

60" Energy (EeV)

J. Kir, ICRC2023 N 13
L : '
.. 50 58 67 75 83 92 100

-4 2 0 2 4
Deficit Li-Ma significance Excess

« Evidence of anisotropy in the arrival directions is showing up at above several tens of

EeV.
« Correlation studies of arrival directions with astrophysical objects considering random
and regular magnetic field models were conducteg t)(; searchjfor UHECR sour%:es. Regular component 100 EeV
« There is considerable ambiguity in magnetic deflections of UHECRSs in galactic and 5reg — Al X T
extragalactic magnetic field models.
« Magnetic deflection " "multiplet”. Random component
« Deflection angle (dreg and d rms) from the source direction o« 1/E (single nuclear 100 EeV
charge is assumed) Oms — Ay X —————

« Search for the magnetic deflection multiplet.
10



TASD : '1_‘ “/ I~ Z;j-g “/ I~ @Eiﬁf%ﬁ% E. Kido, UHECR2024

Event selection (same as the TA hotspot analysis): 6 free fitting parameters
(4 direction of the regular deflection (north pole: 0° )

« E>57EeV
« Zenith angle < 55 deg. A regular deflection at 100 EeV (degrees)
« No. of SDs > 4 used for the event reconstruction Az Gaussian o at 100 EeV (degrees)
« Angular uncertainty of the geometry fit < 10 deg. a and o:right ascension and declination of the source
« > 0.2 secs from nearby lightening strikes g... fraction of isotropy background
Data: 217 SD events (15 years TA SD data) Fit parameter Bost_fit value
I} 116°. 4+§Zo-j
Ay 23°. r+a’<° 0
o Ao 6°. 2+£Z ;)
60 o 184°. 8*3;‘; N
' 5 69°.1+50-8
Giso 0.95219:016
°
o 30°
Red p@lnts

astrophy& al Obj cts within 30 Mpc

82 (starburst galaxy, 3.4\Mpc) is
" within 1 0\ confidence region.

360° : ? . ": 0°
- SBG o e e
AGN (Fermi3FHL) = - |
AGN (SWifﬂ?AT) X * J

SGP GP 11
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25°-radius oversampling o o S21actic plane
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TAX4d THRILF—XRT kL K. Fujisue, JPS2024

~ 10!
10t 2 —— TAx4 SD fit (SPL), 4.3 yrs
<2 4+ TAx4 SD, 4.3 yrs (SPL)
| ® TASD (UHECR 2022)
TAFD energy "E Auger SD (PRD 203;_»
= sys. uncertainty (% "
= S !
Y " ?_' - J‘H
~ e o O = T -
E o T " L ,;. E a |
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- = © L2 Q Vv ™ © > Q "z ™
» preliminary ' : $° 80 90 9 9" 9% 9 0
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j(?E]_/\% _\, / '\7 |7 Erﬁﬁ}ﬁ TAX4 C. Koyama, UHECR2024 o

\\ k , 6 <55°
\ ................... : ....................... for current TA

If extended from 55° to 80°,
~1.5 % aperture for TAx4 — ~6x of TA
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TAx4 Hybrid Xmax

fazEx, JPS2024
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TAx4 Hybrid Xmax

H#x, JPS2024
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TAx4 Hybrid Xmax

# of events

Data/MC

o)

Data/MC

w 25 CoreY w 25
E r Entries 52 & [ R

C L Mean 28.79 w =

- CoreX : | CoreY seoe s = F NP

— § ] -+ data é -

C 2 T = P(MC) =

. < = Fe(MC) 15

o of- o~

: L 1 1 L ol o ; = ; 5 m T 2% 30 3/ 40

20 ~10 ] 10 20 30 30 10 20 30 40 50 60 __ ; --

D abE

o - DATAMC(R) ! ;g o 1 | DATAMC(P) % 3‘5 - - DATA MC(P)

- |- pATAMC(Fe) t zg - :i: :*: - paTAMCiFe) g fé - :l::': - pATA MCiFe)
SE . ] = . I P I
f1 SatEERRCE .4..+_|__._ .................................. c% = c%ﬂ . . . - = —]—20_]_ - - - ]
“20 =T 0 10 20 30 a0 30 40 - - Rolk

CoreX[km] plkm]

- 30 -

- Energy 3

- o

2 o

. of-
- _|_ s— —
: 1 1 1 1 I 1 _ 3 1

5 17 175 18 185 19 105 20 05 1200 1400

C ~}— DATAMC{P) ~- DATA MC(P)

E + ~|— DATA MCiFe) —}- paTA MCiFe)

e e e PR R I Rttt L - OO SO O oes. wos=r= ~—=S e sy

_ o e -

5 17 175 18 185 19 5 20 705 1200 1400

log, (E/eV) Xmax[g/cm?]

23



TAx4 Hybrid Xmax

H#x, JPS2024
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TALE Hybrid : Event display and Data/MC

H. Oshima, UHECR2024
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TALE Hybrid : Energy measurements T

H. Oshima, UHECR2024
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TALE infill Hybrid : event display

K. Fujita, UHECR2024
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TALE infill Hybrid :Reconstruction resolution

K. Fujita, UHECR2024
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TALE infill Hybrid : Data/MC @ 10155 — 10160 gV

K. Fujita, UHECR2024
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TALE infill Hybrid : Data/MC @ 10160 — 10164 gV
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TALE infill Hybrid : X,,.x measurement

K. Fujita, UHECR2024

TALE FD + new SD array hybrid measurement
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TALE infill SD

Y. Kawachi, UHECR2024
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