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Telescope Array collaboration

147 collaborators from 36 institutes 9" u
in 6 countries «9. I -

R.U. Abbasi (1), M. Abe (2), T. Abu-Zayyad (1), M. Allen (1), R. Azuma (3), E. Barcikowski (1), J.W. Belz (1), D.R. Bergman (1), S.A. Blake (1), R. Cady (1),

B.G. Cheon (4), J. Chiba (5), M. Chikawa (6), A. di Matteo (7), T. Fujii (8), K. Fujita (9), R. Fujiwara (9), M. Fukushima (10,11), G. Furlich (1), W. Hanlon (1),

M. Hayashi (12), Y. Hayashi (9), N. Hayashida (13), K. Hibino (13), K. Honda (14), D. Ikeda (15), T. Inadomi (16), N. Inoue (2), T. Ishii (14), R. Ishimori (3),

H. Ito (17), D. lvanov (1), H. lwakura (16), H.M. Jeong (18), S. Jeong (18), C.C.H. Jui (1), K. Kadota (19), F. Kakimoto (3), O. Kalashev (20), K. Kasahara (21),

S. Kasami (22), H. Kawai (23), S. Kawakami (9), S. Kawana (2), K. Kawata (10), E. Kido (10), H.B. Kim (4), J.H. Kim (1), J.H. Kim (24), S. Kishigami (9),

V. Kuzmin (20), M. Kuznetsov (7,20), Y.J. Kwon (25), K.H. Lee (18), B. Lubsandorzhiev (20), J.P. Lundquist (1), K. Machida (14), K. Martens (11), H. Matsumiya (9),
T. Matsuyama (9), J.N. Matthews (1), R. Mayta (9), M. Minamino (9), K. Mukai (14), I. Myers (1), S. Nagataki (17), K. Nakai (9), R. Nakamura (16),

T. Nakamura (26), Y. Nakamura (16), T. Nonaka (10), H. Oda (9), S. Ogio (9,27), M. Ohnishi (10), H. Ohoka (10), Y. Oku (22), T. Okuda (28), Y. Omura (9),

M. Ono (17), R. Onogi (9), A. Oshima (9), S. Ozawa (21), I.H. Park (18), M.S. Pshirkov (20,29), J. Remington (1), D.C. Rodriguez (1), G. Rubtsov (20), D. Ryu (24),
H. Sagawa (10), R. Sahara (9), K. Saito (10), Y. Saito (16), N. Sakaki (10), T. Sako (10), N. Sakurai (9), K. Sano (16), L.M. Scott (30), T. Seki (16), K. Sekino (10),
P.D. Shah (1), F. Shibata (14), T. Shibata (10), H. Shimodaira (10), B.K. Shin (9), H.S. Shin (10), J.D. Smith (1), P. Sokolsky (1), N. Sone (16), B.T. Stokes (1),

S.R. Stratton (1,30), T.A. Stroman (1), T. Suzawa (2), Y. Takagi (9), Y. Takahashi (9), M. Takamura (5), M. Takeda (10), R. Takeishi (18), A. Taketa (15),

M. Takita (10), Y. Tameda (22), H. Tanaka (9), K. Tanaka (31), M. Tanaka (32), Y. Tanoue (9), S.B. Thomas (1), G.B. Thomson (1), P. Tinyakov (7,20),

|.  Tkachev (20), H. Tokuno (3), T. Tomida (16), S. Troitsky (20), Y. Tsunesada (9,27), Y. Uchihori (33), S. Udo (13), T. Uehama (16), F. Urban (34), T. Wong (1),

Il. M. Yamamoto (16), H. Yamaoka (32), K. Yamazaki (13), J. Yang (35), K. Yashiro (5), M. Yosei (22), H. Yoshii (36), Y. Nakamura (16), Y. Zhezher (20),

lll. Z. Zundel (1)

(1) High Energy Astrophysics Institute and Department of Physics and Astronomy, University of Utah, Salt Lake City, Utah, USA, (2) The Graduate School of Science and Engineering, Saitama University, Saitama, Saitama,
Japan, (3) Graduate School of Science and Engineering, Tokyo Institute of Technology, Meguro, Tokyo, Japan, (4) Department of Physics and The Research Institute of Natural Science, Hanyang University, Seongdong-gu, Seoul,
Korea, (5) Department of Physics, Tokyo University of Science, Noda, Chiba, Japan, (6) Department of Physics, Kindai University, Higashi Osaka, Osaka, Japan, (7) Service de Physique Th7vorique, UniversitTy Libre de Bruxelles,

Brussels, Belgium, (8) The Hakubi Center for Advanced Research and Graduate School of Science, Kyoto University, Kitashirakawa-Oiwakecho, Sakyo-ku, Kyoto, Japan, (9) Graduate School of Science, Osaka City University,
Osaka, Osaka, Japan, (10) Institute for Cosmic Ray Research, University of Tokyo, Kashiwa, Chiba, Japan, (11) Kavli Institute for the Physics and Mathematics of the Universe (WPI), Todai Institutes for Advanced Study, University
of Tokyo, Kashiwa, Chiba, Japan, (12) Information Engineering Graduate School of Science and Technology, Shinshu University, Nagano, Nagano, Japan, (13) Faculty of Engineering, Kanagawa University, Yokohama, Kanagawa,
Japan, (14) Interdisciplinary Graduate School of Medicine and Engineering, University of Yamanashi, Kofu, Yamanashi, Japan, (15) Earthquake Research Institute, University of Tokyo, Bunkyo-ku, Tokyo, Japan, (16) Academic
Assembly School of Science and Technology Institute of Engineering, Shinshu University, Nagano, Nagano, Japan, (17) Astrophysical Big Bang Laboratory, RIKEN, Wako, Saitama, Japan, (18) Department of Physics,
Sungkyunkwan University, Jang-an-gu, Suwon, Korea, (19) Department of Physics, Tokyo City University, Setagaya-ku, Tokyo, Japan, (20) Institute for Nuclear Research of the Russian Academy of Sciences, Moscow, Russia,
(21) Advanced Research Institute for Science and Engineering, Waseda University, Shinjuku-ku, Tokyo, Japan, (22) Department of Engineering Science, Faculty of Engineering, Osaka Electro-Communication University,
Neyagawa-shi, Osaka, Japan, (23) Department of Physics, Chiba University, Chiba, Chiba, Japan, (24) Department of Physics, School of Natural Sciences, Ulsan National Institute of Science and Technology, UNIST-gil, Ulsan,
Korea, (25) Department of Physics, Yonsei University, Seodaemun-gu, Seoul, Korea, (26) Faculty of Science, Kochi University, Kochi, Kochi, Japan, (27) Nambu Yoichiro Institute of Theoretical and Experimental Physics, Osaka
City University, Osaka, Osaka, Japan, (28) Department of Physical Sciences, Ritsumeikan University, Kusatsu, Shiga, Japan, (29) Sternberg Astronomical Institute, Moscow M.V. Lomonosov State University, Moscow, Russia, (30)
Department of Physics and Astronomy, Rutgers University - The State University of New Jersey, Piscataway, New Jersey, USA, (31) Graduate School of Information Sciences, Hiroshima City University, Hiroshima, Hiroshima,
Japan, (32) Institute of Particle and Nuclear Studies, KEK, Tsukuba, Ibaraki, Japan, (33) National Institute of Radiological Science, Chiba, Chiba, Japan, (34) CEICO, Institute of Physics, Czech Academy of Sciences, Prague,
Czech Republic, (35) Department of Physics and Institute for the Early Universe, Ewha Womans University, Seodaaemun-gu, Seoul, Korea, (36) Department of Physics, Ehime University, Matsuyama, Ehime, Japan 2



Telescope Array (TA)

Millard county, Utah, USA, about 1400m a.s.l.

Surface Detector (SD) array:
507 scintillation detectors, 3m2, 1.2km spacing
Total coverlage ~ 700 kmZ2

Fluorescence Detectors (FDs) in 3 stations
In total, 38 telescopes

observing the sky above the array
Operation from 2008
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TALE FD

TALE FD station and TA MD are very close '
together

10 FDs in the TALE station

Elevation: 300-57° (higher elevation than MD)
Azimuthal: 1140

Refurbished HiRes FDs

Mirror: same as TA FD (MD) T
Elec.: 10 MHz 8bit FADC : .
?

Clevation
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TALE-FD mono spectrum(2yrs)

Ap. J., 865, 74(2018)
Data: Jun. 2014 - Mar. 2016 arXiv: 1803.01288
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Compared to recent measurements

Ap. J., 86b, 74(2018)
arXiv: 1803.01288
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Exposure depends on composition

Ap. J., 86b, 74(2018)
arXiv: 1803.01288

TALE Energy spectrum (Monocular)
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monocular — FD + SD hybri

FD monocular

Fluorescence Detector

(FD)

FD + SD hybrid

Fluorescence Detector
(FD)

Surface Detector
(SD)

A Xmax:

FD mono : 40 g/cmZ

— FD+SD hybrid : 20 g/cmZ

~time vs angle fit |

o
|
Chairt S

Time [us]

®,

eum,

i SD-timing-info:

0..-"0.




TALE hybrid

TALE-SD detector

TALE-FD 100m spacing 49 Low energy extension of TA sensitivity
18 J_.-_._._._-.:-_':_-:-'.'.' - down to 1076eV, with
o tawatheieat FDs observing higher elevation
— 6OE)m spacing 40 ‘.'.. o Deﬂsely—arrayed SDS
E SDs . - _
= Precise measurement of the composition :
| FD + SD hybrid measurement
10
10 8 6

TALE-FD : 10 telescopes ( Sep. 2013 ~)

'fr\;_iddle/ > elevation : 30°~57°, azimuthal : 114°
N TALE-SD array : 80 SDs ( Feb. 2018 ~)
B i TALE-hybrid started running from Sep. 2018

e
00000 Lef0 e

o W eans

Expected specifications of TALE hybrid
Threshold energy E : loge=16.0

Event rate : ~5,000 events/year

A6 =1.0° (FD mono: 5.3

A Xmax = 20 g/cm2 (FD mono : 40 g/cm?2)




TALE SD array New PMT(Hamamatsu R8619)

Photomultiplier
tube (PMT)

20 10 0 10 20 45 40 5 _ 0 5
. . X-Axis [mm] X-Axis [mm]
Iength of one fiber is 6.1m m0-10 m10-20 ©20-30 O30-40 m40-50 m0-10 21020 02030 03040 @40-50
m50-60 H60-70 ©70-80 m80-90 m90-10() m50-60 m60-70 m70-80 m$0-90 m90-104
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80 SDs covering 30km?2
Running from Feb. 2018
# of living SD ~ 80

TALE SD array

Status plot (Jan. 2018 -)

DAQ bug fixed at Apr. 2018

Triggering conditions:

Storing waveform in SD: > 0.3 MIP (750Hz/SD)

Hit: > 3 MIPs (20Hz/SD)

Air shower event: 5 hit SDs in 8us window
(3/10min)
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TALE Hybrid Hybrid DAQ installed Sep. 2018

Hybrid triggering condition: DAQ installed Sep. 2018

# of hit PMT > b &
Event duration > 500 ns
Hybrid triggering rate ~ 0.05Hz

\
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TALE - FD

@

Request SDs

to record waveform ¢
with FD event time info

Central DAQ

SD

DAQ sequence(time chart) in the host PC

1 oerioc of DAQ = 1s

Check hybrid triggers from the TALE =D, and
request all the SDs to send waveforms

from all the SDs

Corract Lv.1 trigger infa.

Correct waveforms from

Lv. ? trigger d=cision

Lv. 0 triggered SDs
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TALE Hybrid Hybrid DAQ installed Sep. 2018

Hybrid triggering condition: DAQ installed Sep. 2018
. # of hit PMT > b5 &

. Event duration > 500 ns
Hybrid triggering rate ~ 0.05Hz

TALE - FD

@

>

¥

"(DFD event trigger

’ Request SDs

to record waveform |
with FD event time inf

y2018m09d18.hybtrig.log

11:34:53.007 Trig connection closed
11:35:20.741 filter: tid 6014 prescale trigger 1537278519.722193
11:35:20.741 Trigger @ 1537278519.722193 #el 8 13fbB511
11:35:20.741 Trig connected

Central DAQ

SD DAQ Host PC@ Tower

MD091811.Y2018

11:35:22.723 Trig sent '11 5 fb 13
11:35:32.723 Trig connection closed

Hybrid trigger information, “13fb0511” means:
13f(HEX)=319(DEC) in sec,
b0511(HEX)=722193(DEC) in usec, so then
“13fb05117=319.722193 s

Current hybrid trigger rate ~ 0.026 Hz

#T 800113ed 186918 113522 1714 322 @

#A 6 6 6 0

#C 600680

L 5481 fffed824 6 321 B 019 2faef29 6 B 6 O
84

FD TRIG DATA RECV

a=1
fd_tmp_time[@]=13fbB511

91811.H2018

#Endlpps
#T 806113ed 1
FD TRIG DATA REC
FD trigger judge s
#el 0 13fbe511
#Endlpps

#T 80P113ee 1806918 113523 1821 323 @

waveform collect done timebin=319 usec=722193 13fbB511
#Endlpps

8 113522 1714 322 0
CV DATA[®] = 13fb@511 319 722193
t 13fb0511

13



TALE Hybrid Hybrid DAQ installed Sep. 2018

Hybrid triggering condition: DAQ installed Sep. 2018

# of hit PMT > b &
Event duration > 500 ns
Hybrid triggering rate ~ 0.05Hz
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Request SDs

to record waveform ¢
with FD event time info

Central DAQ

SD

DAQ sequence(time chart) in the host PC

1 oerioc of DAQ = 1s

Check hybrid triggers from the TALE =D, and
request all the SDs to send waveforms

from all the SDs

Corract Lv.1 trigger infa.

Correct waveforms from

Lv. ? trigger d=cision

Lv. 0 triggered SDs
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TALE Hybrid: real event sample

Real hybrid event samples in Nov. 7, 2018
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TALE Hybrid: real event sample

Real hybrid event samples in Nov. 7, 2018

2018/11/07 10:01:30.122752 \
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TALE Hybrid: MC event sample

" tale hybrid mc event

time [us) 2 time [us)
™
80— . t TALE-FD
iy ; 6o
3 50 b |
- ‘—5 - | 9
g | 5
— w o ' v ¥ o ¢
§ - ¢ _fFoeoc "
| L .
o 30 s §. ® o ot
= ~ © 2 _ ; 2
o g [ ' ° o .0
s 20 7 ° @ o
> / 2 ' ! S
107 .'o' 1 4 '.
: P,
I ) ' 1 |
LT 120 140 160 180 200 220 0 [ T R T . e

Azimuth angle [degree] (km]

Results

thrown 21.6 -65.8 2.33 71.6 -5.86 17.51 734 101789
hybrid 21.7 -66.3 2.32 71.8 -5.89 17.50 737 101783
mono 20.5 -68.7 2.35 73.3 -5.88 17.49 725 1017.83
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TALE Hybrid: MC event sample

~ tale hybrid mc event

Elevation angle [degree]

120

140 160

180
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hybrid
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40.7
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38.2
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51.1
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1.78
1.74
1.85

67.3

65.0
/2.6

-7.46
-7.51
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TALE Hybrid: MC event sample

I
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~ tale hybrid mc event

21:

TALE-FD

¥

thrown
hybrid

mono

33.0
32.1
52.1

112.4
109.1
142.0

3.03
3.14
3.35

109.3
106.9
136.2

-6.66
-6.68
-6.35

16.46
16.38
15.04

6389
676

X
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TALE future plan: lower energy

TALE-SD detector

Additionally install 50 SDs with 200m spacing

400m spacing 40
TALE-FD SDs
.b ",
18 ...-.-
B '...-.l.l n®
' z
16;- . . .l.l- -

near the TALE FD station (< 2km),
to archive lower the threshold energy:
for SD, Emode = 10155 eV

p— 6OE)m spacing 40 ’ .
E SDs : for FD-SD hybrid, Emode =1016-3 eV
> 12 1.5M$ for byrs approved by JSPS in 2019
105
T — ALE-SD_detector
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Summary

TALE hybrid in operation since 2018

e 80 SDs with 400 m, 600 m spacing in stalled in Feb. 2018
e SD event rate is 0.005 Hz

 Hybrid rate is 0.05 Hz

Go down lower energy with additional 50 SDs
e approved by JSPS for 1.5 M$
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