s of ultra-high energy cosmic
rays from the Telescope Array -

R

Hiroyuki Sagawa
Institute for Cosmic Ray Research
The University of Tokyo
for the Telescope Array Collaboration

s BINP, Novosibirsk, Russia
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How powerful are Ultra-High-Energy (UHE) cosmic rays?

Cosmic-ray flux

o  Cosmic-ray energies range from 10°
ot  The most power UHE cosmic rays
12 have over 102 electron volts (eV)
o1 Highest-energy — 10,000,000 (10’) times more powerful
oy e /R CISmIC rays than the human-made accelerator (LHC)
i | 102V _ _

1019 ~SX10%eV | N — How do cosmic rays gain 10%° eV?
ol . e Cosmic-ray flux decreases very

250 B : | . . . .
U e LHC x107 | | rapidly as their energies increase
10'28% o

10° 100 101 1012 103 10% 10 1016 1017 108 101° 1620 1071 — <1 event of 10%° eV /100km?/year
Energy (electron volt, eV)

— Huge detector is necessary!

2020/2/24 INSTR20 8



What are candidates of the strongest cosmic accelerators?

Active Galactic Nuclei

AGN LA

&

Cluster of galaxies
#

’Thie most ﬁas,_.'.:,_i_g_e BH:\ ;
' " and jets ) -

.

fhe largest gravitationally
bounded objects

New Magnetars

— L .
S
fr — L
[ T
#

The strongest magnetic field The most violent ej
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How do we detect UHE cosmic ray air showers?

I
@
4,
b

Fluorescence detector (FD)
detects air fluorescence
light from air shower

Surface detector (SD)
directly observes penetrating
2020/2/24 Secondary particles INSTR20




i CROET RO T Telescope Array (TA) detector

a. P Sy n Y. - = - — [ = i
e | 1 —— £
Refurbished HiRes | f A S . | Surface Detector (SD)
Middle Drum [ wiriia Utah 507 plastic scintillator SDs
~ (MD) il S o 1.2 km spacing
-- rrwrrrerre | 39°N 5
of /f - TEEEETETETT T 1100 m as| ~700 km
| | L FTETT T T T T N
2 S N R R I R e e . [ " e VRS 2
> L rEwrw LB N f"l“z"l“i’ . ——
o/ FErrrrrrrrTTee ——
Ty T l““l“ N =2
) ewwE TR wTessTw e e
<= T T e -
| N e ’i-'f’uwwm e
2| S fprr sy W wn l‘i"‘i““l‘“i"" | f-_;;%
: \ [y \—# Fluorescence Detector(FD)
I ‘ T : ]
BLE NN E W R 'sfl: (R e S 3 stations
T T e e N
L R R R 7 i G p e et _“ 38 telescopes
@ AT T Y i’“i’m::pi‘”*'-' )
i“’i‘i’“‘l‘“"l’“‘i’“‘l“i“ 'l""i’i‘“i”i“’i“‘l“i”i“l”i"i”‘ [ 12 telescopes
L L -r*-r“-"' L
N R T R e |
: e R R RN A -*‘i*i“-“i“i“ri*i”f s -
L i’“’i"“l’"'i LEE SN NN N R -
FEE T ey ey L
i“"l““i’“"mi“l’“i’”l“‘”l“” VAT AV A BR
N g = Black Rock Mesa (BR)
LRy o O R

Hybrid observation since 2008



Scintillator detector (SD)

Secondary particle plastic scintillator

i Secondary
Cosmic Ray

Metal Sheet

Fiberoptic Electronics
able

light — electronic — digita

2020/2/24 NSTRIO photomultiplier



Fluorescence Detector (FD)

Observation with moonless and clear sky: duty cycle ~10%
Three FD stations started observation in Nov., 2007

Air shower observed with TA FD

Upper FoV camera

256PMTs

Hexagonal photomultiplier
(PMT)

2020/2/24 INSTR20

Lower FoV camera



TA Low Energy Extension (TALE)

10 | look higher i [859- PoS 637] Poster 1 CR Track: CRIN Board #: 148
new telescopes to look higher in Presented by Shoichi OGIO on 30 Jul 2015

the sky (31-59°) to see shower at 15:30

: Infill surface detector
development to much lower energies

array of more densely
packed surface detectors

TALE-SD array
(103 SDs, 70km?)

[

TA+TALE Project Area -

e A \ (lower energy threshold)
= Sutace Delecies A - r.f-':m-}““ 3
+  Comen Toeers 7 ‘?'*33'.";_.‘;‘_%"’ .,,
T et 400 m spacing:
L 1S 40 SDs T
e _ TALE-FD % 600 m spacing: |® ™=~ z‘"‘
AT Mo e : ® TR H DN
+ TAFFD{MD) ; ! P Tl A\ - ie b i o s ' ‘.’!“ ° 36 SDs i o .7 o ey
.—'l'l.l"-l':‘ﬂ e E S I_- i " eile - " -‘- o L] P Ir_. e A .
B S o o 0o fe Ju | T2kmepacing
R WP o M W SO S o ot / 27 SDs
e Py e R B @ . . 4
| "[,. g 3 PR e I, ) " o o ¥ \ |’ '-. \- ] ?‘r [ ]
) P e b el TR RE R Y -] @ a .'ﬂ o £ !
- r- ol d-laie s 4 i . 2 » o 4 d f
: g he g *d ol S 3 K - g & [ ( ‘_’ i |
@ [ Nwe = 4 (& s o ' i " ] y
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| o RERET, o [ : . a ¥ ot 1 —F ." 4 1 ——m————
i | ol § 74 I'r_ Rl . 2, | .
?:!.T" ; } " o e ol e - . I ':- » : l'l i b 4 n"- b - - r'llr "' ‘ ‘ a--
E': ' ;:"‘.‘ % B "...- g o S T % 8 e : e I.. . poe; | ..‘. i L
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Telescope Array Collaboration

Y g |
¢ == . mmll Ihs

Japan, USA, Korea, Russia, Belgium, Czech

147 collaborators from 36 institutes in 6 countries

R.U. Abbasi!, M. Abe?, T. Abu-Zayyad?!, M. Allen!, R. Azuma?3, E. Barcikowski!, J.W. Belz!, D.R. Bergman?, S.A. Blake!, R. Cady?, B.G. Cheon?, J. Chiba>,
M. Chikawa®, A. di Matteo’, T. Fujii®, K. Fujita®, R. Fujiwara®, M. Fukushimal®!, G. Furlich!, W. Hanlon!, M. Hayashi'?, Y. Hayashi®, N. Hayashida?3,
K. Hibino!3, K. Honda'4, D. lkeda®>, T. Inadomi?®, N. Inoue?, T. Ishiit4, R. Ishimori3, H. Ito!’, D. lvanov?, H. Iwakura®, H.M. Jeong?8, S. Jeong 18, C.C.H. Jui?,
K. Kadotal®, F. Kakimoto3, O. Kalashev??, K. Kasahara?!, S. Kasami2?, H. Kawai?3, S. Kawakami®, S. Kawana?, K. Kawatal®, E. Kido®, H.B. Kim?, J.H. Kim?,
J.H. Kim?4, S. Kishigami®, V. Kuzmin?%, M. Kuznetsov’?°, Y.J. Kwon?>, K.H. Lee®, B. Lubsandorzhiev??, J.P. Lundquist!, K. Machida®4, K. Martens!!,
H. Matsumiya®, T. Matsuyama?, J.N. Matthews?, R. Mayta®, M. Minamino?, K. Mukai'4, I. Myers?, S. Nagataki’, K. Nakai®, R. Nakamura®, T. Nakamura?®,
Y. Nakamura®®, T. Nonakal%, H. Oda®, S. Ogio®>?/, M. Ohnishi', H. Ohoka'®, Y. Oku??, T. Okuda??, Y. Omura®, M. Ono'’, R. Onogi®, A. Oshima?®, S. Ozawa?!,
I.H. Park!8, M.S. Pshirkov?%2°, J. Remington?, D.C. Rodriguez!, G. Rubtsov??, D. Ryu?4, H. Sagawal?, R. Sahara?, K. Saito??, Y. Saito®, N. Sakaki®, T. Sako°,
N. Sakurai®, K. Sano!®, L.M. Scott3?, T. Seki'®, K. Sekinol®, P.D. Shah?!, F. Shibatal4, T. Shibatal®, H. Shimodairal®, B.K. Shin®, H.S. Shin19, J.D. Smith?,
P. Sokolsky!, N. Sonel®, B.T. Stokes!, S.R. Stratton’3?, T.A. Stroman?, T. Suzawa?, Y. Takagi®, Y. Takahashi®, M. Takamura®>, M. Takeda?, R. Takeishi?8,
A. Taketal>, M. Takital®, Y. Tameda??, H. Tanaka®, K. Tanaka3!, M. Tanaka3?, Y. Tanoue®?, S.B. Thomas!, G.B. Thomson},
P. Tinyakov’2°, |. Tkachev 2°, H. Tokuno3, T. Tomidal®, S. Troitsky?0, Y. Tsunesada®?’, Y. Uchihori33, S. Udo!3, T. Uehamal®, F. Urban3
T. Wong?!, M. Yamamoto?®, H. Yamaoka3?, K. Yamazaki!3, J. Yang3>, K. Yashiro®>, M. Yosei??, H. Yoshii3®¢, Y. Nakamural®, Y. Zhezher?°, Z. Zundel?

IHigh Energy Astrophysics Institute and Department of Physics and Astronomy, University of Utah, Salt Lake City, Utah, USA; 2The Graduate School of Science and Engineering, Saitama University, Saitama, Saitama,
Japan; 3Graduate School of Science and Engineering, Tokyo Institute of Technology, Meguro, Tokyo, Japan; “Department of Physics and The Research Institute of Natural Science, Hanyang University, Seongdong-gu,
Seoul, Korea; °Department of Physics, Tokyo University of Science, Noda, Chiba, Japan; ®Department of Physics, Kindai University, Higashi Osaka, Osaka, Japan; “Service de Physique Théorique, Université Libre de
Bruxelles, Brussels, Belgium; 8The Hakubi Center for Advanced Research and Graduate School of Science, Kyoto University, Kitashirakawa-Oiwakecho, Sakyo-ku, Kyoto, Japan; °Graduate School of Science, Osaka City
University, Osaka, Osaka, Japan; %lnstitute for Cosmic Ray Research, University of Tokyo, Kashiwa, Chiba, Japan; Kavli Institute for the Physics and Mathematics of the Universe WPI , Todai Institutes for Advanced
Study, University of Tokyo, Kashiwa, Chiba, Japan; ?Information Engineering Graduate School of Science and Technology, Shinshu University, Nagano, Nagano, Japan; 3Faculty of Engineering, Kanagawa University,
Yokohama, Kanagawa, Japan; “Interdisciplinary Graduate School of Medicine and Engineering, University of Yamanashi, Kofu, Yamanashi, Japan; >Earthquake Research Institute, University of Tokyo, Bunkyo-ku,
Tokyo, Japan; ®Academic Assembly School of Science and Technology Institute of Engineering, Shinshu University, Nagano, Nagano, Japan; 7Astrophysical Big Bang Laboratory, RIKEN, Wako, Saitama, Japan;
18Department of Physics, Sungkyunkwan University, Jang-an-gu, Suwon, Korea; *Department of Physics, Tokyo City University, Setagaya-ku, Tokyo, Japan; ?Institute for Nuclear Research of the Russian Academy of
Sciences, Moscow, Russia; !Advanced Research Institute for Science and Engineering, Waseda University, Shinjuku-ku, Tokyo, Japan; 22Department of Engineering Science, Faculty of Engineering, Osaka Electro-
Communication University, Neyagawa-shi, Osaka, Japan; 22Department of Physics, Chiba University, Chiba, Chiba, Japan; 2*Department of Physics, School of Natural Sciences, Ulsan National Institute of Science and
Technology, UNIST-gil, Ulsan, Korea; %> Department of Physics, Yonsei University, Seodaemun-gu, Seoul, Korea; 26Faculty of Science, Kochi University, Kochi, Kochi, Japan; 2?’Nambu Yoichiro Institute of Theoretical and
Experimental Physics, Osaka City University, Osaka, Osaka, Japan; 22Department of Physical Sciences, Ritsumeikan University, Kusatsu, Shiga, Japan; 2°Sternberg Astronomical Institute, Moscow M.V. Lomonosov State
University, Moscow, Russia; 3°Department of Physics and Astronomy, Rutgers University - The State University of New Jersey, Piscataway, New Jersey, USA; 31Graduate School of Information Sciences, Hiroshima City
University, Hiroshima, Hiroshima, Japan; 3Institute of Particle and Nuclear Studies, KEK, Tsukuba, Ibaraki, Japan; 33National Institute of Radiological Science, Chiba, Chiba, Japan; 3*CEICO, Institute of Physics, Czech
Academy of Sciences, Prague, Czech Republic; 3°*Department of Physics and Institute for the Early Universe, Ewha Womans University, Seodaaemun-gu, Seoul, Korea; 3®Department of Physics, Ehime University,
Matsuyama, Ehime, Japan
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Shower analysis with FD

observed images

Line intersection of 0L
shower detector

280 290 300 310 320 330

[
Hybri ) | ' M5 R
i Fluotescence === Fluorescence [
LR i Mie Cherenkov BRM Mie Cherenkov &
Direct Cherenkov 20 g Diract Cherenkov mmmm —
| Rayleigh Cherenkov s i ;
28 b i -~ NPE detected by PMT +—e— | —a—

j Comparing with MC -> Xmax [

S Integration of signals -> 1ry E |§ o T
- |
~ i+1 . |
0 500 1000 1500 2000 0 500 1000 1500 2000
slant dopth [gicm?] slant depth [grem®]
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Shower analysis with SD

’ )
@ An SD hit map of a typical event @ @ Energy (E’sp) table from MC E'sp
40 ; : . — T T T T T T T T T T T T T T T T T T T T T T Tpm20.5
Time [4uS] - I
1 1 Tim i —_— =120
F e fit S
s o =)
534 \ g 19.5
532 “'- | G t \-6
. E AN eqme ry DS 19
8 Zenith angle: 0 | ©
. 18.5
26 Azimuth angle
24 1 1 1 1 '] I B L o 1 18
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Distance along the 0 -axis [m ]
. 5 sec(6)
13} . . AT T T T T T T ] Entries. 551
7 -
. M H 20.5_—
2 o a a S800 Lateral distribution = " ]
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= ° ]
& E 185F 3
=y C ]
1 T b 3
< 3 ]
= 175 3
0 o e e e T e P
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Energy Spectrum from 11 years of TA SD data
(2008/05/11 - 2019/05/11)

(ICRC 2019)
......... e Cutoff |
. ~ 19.81+0.03 |
'Tm _
X
%
X
'-:'E 107 - const  [2.24 +0.06] x 10 eV 'm2sr1s ]
X - P, ~3.28 +0.02 ? ]
":'5 - P, ~2.68 + 0.02 \ i
- I P, -4.84 +0.48 \ i
—)-2 B log. [E,/eV] 18.69 + 0.01 | i
@ log. [E /eV] 19.81 + 0.03 \
L1 1 5 1 11191 I IIIIIIIII I IIIIIIIII I IIIIIIIII I 1 1
18 18.5 19 195 20 20.5
Iogw(E/eV)

Significance of suppression: 8.6c



E’ xJ [eV® xm?2 xsr' xs']

10%

l ......... l ......... I llllllll l ......... I ........ I .....
. [ [ % .-'.'* + d o
Knee Log (E (eV)) _X
Log (E (eV)) g e Log (E (V) 5
B Second knee
- =16.22 = 0.02 Cutoff - X
© m  TASD(2019)  =17.04 % 0.04 1 -
n =19.81 = 0.03 7 £
X
L e TALE Monocular (2017) Log (E (eV)) 4 L
_ Ankle Jd o
=18.69 = 0.01
- @ TA Combined (2019) sl 1 3
L 4 ‘W
ol a s n e ns sl el e aaa e aaalalesasy
15 16 17 18 19 20
log ) 0(E.feV)
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TA Combined Energy Spectrum

TA SD, TALE FD, TA Combined

10

D. Ivanov, ICRC2019

Compare with KASCADE-Grande and Auger

® TA Combined (ICRC 2019)

[ Auger 2017, E rescaled by +10.2%

\ KASCADE-Grande (2012)

Iogw(E/eV)
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Declination (0) dependence of energy spectrum

11 years of TA SD data

.-I LILEL I LILEL I LI I LB I LILEL I LILEL I LELEL I l-
1019.640.04 @\/
1019.84x0.03 gV

e Cutoff energies in lower and
higher TA declination bands
are 4.7 o different

— 4.3 o global chance

? M probability of the effect

] + Strong evidence of cosmic
ray spectrum declination
dependence in the
Northern Hemisphere

2008/05/11 - 2019/05/11
® -16°< §5<24.8°

o 24.8°< §<90.0°

10% -

JE) x E*[m2 x s xsr! xeV?]

.-IIIIIIIIIIIIIIIIIIIIIIIIIII II
188 19 192 194 19.6 198 20 20.2

I'.':ug1 l}(E/t::"u')
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Composition: Xmax

 FD observes longitudinal shower development
* Longitudinal development of cosmic-ray showers depends on primary particle type

e Xmax (shower maximum depth)
 the most efficient parameter for determining particle type (mass composition)

- TA result -

R.U. Abbasi et al., Ap. J., 858, 76 (2018)

200 : - : ‘ . : :
N . % - ; @ data
longitudinal shower development $ 180 _—Fe G (W S e 0GSJet 104 proton
- Y I B L Y | e TR et elium
Be+09 . : ‘ . g 160F — — QGSJet 104 nitrogen |
s+ PR 3 Iron Proton £ 140 — + QGSJetll04 iron
o £ o shallower deeper 2 120F O
o 2 P - He
M, (L onnnr '§' 4e+09 1002 . 'T SO SNSRI SRR
Mirror amera ltraviolet Ray ‘L['H‘LL H 80F - L+ B S SEC S
£ ¢ 177115 £ 30409 - M * d g
> 3 - HCdata
5 2e+00 | 40
£ Xmax o !
5 ress | 20 S RL
Proton C == f L, .
0 ‘ ‘ , lon, S0 600 700 800  sS00 1000 1100 1200 1300
0 200 400 600 800 1000 1200 Kmax (gl
Depth [g/cm?] 1018.5 eV <Ec< 1018.6 eV
upper sky ground
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TA BRM+LR hybrid: <Xmax> and Oxmax

10 years of TA data by W. Hanlon @ICRC2019

€ 840: ¥ data ata sys. .
%3205 K SRR g Eéxﬁzﬁ < Xmax > data with QGSIJET I1I-04 (p, He, N, FE) models
AE 800; ® QGSJET lI-04 nitrogen .
><V 780; ® QGSJET I-04 iron . .
760} Systematic uncertainty: 17 g/cm? (shaded areas)
data T Xmax bias <1g/cm?
i3 Xmax resolution: 17.2 g/cm?
700 y £ 8/Cm
680 Energy resolution: 5.7%
660% .
s?_N\I\H.IH..I\H.I.‘.I.,..!.H.lmw\\K-
18.2 )183 184 185 186 18.7 18.8 18.9 IOSQ( &9.1
“E - ¥ data 2
8 S0 GGSIETILos heem g ¢ .
gl ° OQGSJETI04nitrogen 2 o  Oxmax data with QGSIJET I1-04 (p, He, I/, Fe) models
% TOE_ anGl::sl'lll-Otl iron g _
o0, t;’%‘\:\ o ?" ‘ # |
data —r TSRS f
=¥ ¢ ¢ ¢ ¢ s o ¢ X
e o« o o, & * o || Thedataare compatible with the protons below 10%° eV
30? @ ° @ * ¢ ¢ ¢ + ‘
20 | ol g iy v laaswl oy

19.1

L1 L1 1 { L1 Ll J L1 Ll l Ll 1 -
182 183 184 185 186 187 188 189 19
Iogw(E/eV)



TA BRM+LR hybrid: single element model

Xmax shape check Compare Xmax shapes of data and single element
QGSIJET 11-04 models by shifting data Xmax distribution

Ap. J., 858, 76(2018)

18.4 < log,,(E/eV) < 18.5

QGSJET l1-04 proton

Proton and He agree with the data
N and Fe do not resemble the data.

(Xmax systematic uncertainty = 17 g/cm?)

o 1 i ] = —
] e F !20
-] ! F VA . . .
[ Pppton—] 1] x . Data: compatible with proton for all energies
10" == S S— R’
p-val="0.05 = = = ' .
= 520 @ Other components: not compatible in E < 10%°eV
3
jor | ¢ QSSiikatproion | . Allsingle components: compatible in the highest energy bin.
H & e = & low statistics (19 events)
= -60
053z a4 186 88 d9 19z L1?6g' el
10 19



TA BRM+LR+SD hybrid: 4 element model

ICRC2019 W. Hanlon

BEE3bhoo0zall
o

QGSIJET 11-04 proton, He, N, Fe, data

= ool data <X...,>= 731 glom’, o(X,_,) = 62 glem’ Compare data and mixed 4-element model
i scgey  mix <X,.,> =731 glem’, ofX__) =62 g/em’
800 : 2fdof = 9.
S - Gyl For 1082-10191 eV,
600 o daaogen proton = 57%, He = 18%, N = 17%, Fe = 8%
| : _I_+ weees p/He/NFe mix
o oo [ ] oGSJET 1104 proton
400 - I:I QGSJET 1104 helium
B - [_] 0GSJET 1104 nitrogen
200 — [] aGsJET 1104 iron
0 600 700 800 900 1000 1100
Xonax (9/cm?)
£ . £ 0
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0 + | "I % ' * | o : mixed 4-element model
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4. I i

740 ;— +
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TALE FD Xmax

TALE Reconstructed Shower X, .. vs Shower Energy

s | hdata * TALE data

S [ |Enties 862898 . o nynn &

2750 | Mean 15.89 |
§ |Meany 6026| @ '© o0 7

= RMS  oasss| ° CNO |

E 700 1RMSy  7823| © Iron o- '

TALE FD 4 years of data
(Jun. 2014 - Nov. 2018)

detector MC using EPOS-LHC showers

500
llllllllllIlllllJ]JJllll]J]llL
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oT‘E“ break point 17.04 = 0.03
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)
310
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slope: -3.12 =001 -2.92 = 0.01 -3.19 =0.02
fit %* /ndf =31.6/ 39
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TALE Mean X, Vs energy

T hdata = TALE Xmax
o, 800/ Entries 862898 = BRI/LR hybrid (ApJ 2018)
‘fé Mean 1617 |  _— Fit TALE Xmax ’
2 Meany 6142 * i +
c__ |RMs 03255
8 70|amsy 7349 eutt
= = .
"PRELIMINARY . ;-
700 \ Smooth connection

to high energy rail

650 s2=62.40 +4.95

bp =17.23 = 0.05

IIII|IIIT|

600 51 =35.13 £ 0.35

fit parameters; s1, s2, bp: slope, break point

19 19.5
log, , (E [eV)

17.5 18

| 1 111 I L1 11 I 1
16 16.5 17

—

550 L 1y
185

TALE FD monocular spectrum (2 years)
Ap. J., 865, 74(2018), arXiv: 1803.01288



Hotspot

o

{ J-. o
_hi.__-u.

\.

| Equatorial coordinates
SuperGalactic Plane (SGP)

R.U. Abbasi et al., ApJL 790, L21, 2014

5-year by the TA SD
72 events with E > 57 EeV
20-degree radius oversampling

Maximum pre-trail significance 5.1c
— Ny (observ.) =19, Ny (iso.) = 4.49
— centered at R.A. = 146.7°, Dec. =43.2°

Post-trial significance 3.7x104 (3.50)

— 5 search window radii (15°, 20°, 25°, 30°, 35°)
for chance prob. calculation by MC

Hotspot center shifted from SGP by ~19°

22



Update of Hotspot

Dec. (deg) S E > 57 EeV
o e T '. _ l\:.:»‘-"""'- PN ‘ » @

e 11-year by the TASD

e 168 events with E > 57 EeV

e Scan with (15¢, 20°, 25°, 30°, 35°)
e Maximum with 25° radius

— Pre-trial significance 5.1c
— Ngy =38, Ng =13.5
— Centered at RA=144.3°, Dec=+40.3°

Dec. : R~ X E > 57 EeV
S £ - . _ i1 years

30

s F id

-30 ' i
-60 : -

Equatorial coordinates

Q = N W B O

e Post-trial significance ~0.2% (2.9c )

— 5 search window radii (15°, 20°, 25°, 30°, 35°)
for chance prob. calculation by MC

B W N =
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TAX4 project

TA/TALE/TAX4 Array
2R} S 30 km ' T / Iﬂkm
"ﬁf}z;xg.gjr?;tyh Foongiit. o Alle quadruple TA to accelerate data

S B || collection speed

...................
........

ooooooooooooo

------------ — Surface detector(~3000 km?)

e Size comparable to Auger

* 500 scintillator SDs with 2.1 km
spacing

— Fluorescence detector
e 2 FD stations (HiRes-Il telescopes)
e Xmax meas. & SD energy check

o 20 0 20 50 Kilometers

Apr 2019 5, Thones
Dept. of Physics Univ. of Utah
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TAx4 SD

Assembly mostly in Japan (or 30 SDs in Korea)

N

-

Scintillator counter assembly (Japan)
In Utah, USA
@  Final assembly @CRC* in Delta in Utah
@ Assembled SDs @CRC
@ Sta king (for SD positioning and follow-up surveys)

T e —

. finished by ATVs or helicopter in 2017

CRC*: Cosmic Ray Center in Delta
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TAx4 SD deployment

e We deployed 257 SDs in Feb. and Mar. of 2019
Now TAx2.5!

(half of planned addition)

A BEARN L S P an

(1) SDs from CRC

il

2) to SD site
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TAx4 North
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X position ID [2.08km]
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TAx4 SD event example

Footprint on the ground

(190704 205323.622683) . ..

O ~1VEM size!
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TAx4 FD

e MD (northern) site: first light on Feb. 16, 2018

e B . LR

e BRM (southern) site: first light on Oct. 22, 219

-. B S
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Summary

TA SD/FD and TALE FD energy spectrum shows four spectral
features for 101># eV < E < over 1020 eV

TA Xmax: compatible with light composition (E > ~10%-2 eV)

— Need more statistics for E > 101° eV

We found evidences of anisotropy

TAx4 has partially started: TA SD - TAx2.5 now

NS

A New Window into Ultra-High-Energy Cosmic Rays!
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