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SD Event Reconstruction

1) SD footprint example
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2) reconstruction
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TA SD Spectrum (9 years data)

ICRC2017
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TA & Auger Spectra
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Declination dependence of breaks

submitted to ApJ, arXiv:1801.07820

TA, Auger common declination band
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TA Low Energy Extension (TALE)

Galactic to Extra-Galactic Transition

10 new telescopes to look higher in the
sky (31-59°) to see shower development
to much lower energies

In operation since 2013
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Graded infill surface detector array
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2x10%

1024

TALE FD Spectrum

R.U. Abbasi et al., ApJ 865:74, 2018

slope:

fit ¥/ ndf=31.6/39
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TA combined, Auger, KASCADE-Grande

D. Ivanov, UHECR2018
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TALE hybrid event example

time[us]
sof— _E
Fal {4
g I TALE-FD
E a0l—
o .3
m =
s 30—
s f 2
- 20_
| TA-FD (MD) I
“ g0l 1
T R R - T T T 0

Azimuth angle [degree]

Hybrid event reconstruction
SD for better Xmax measurement

shower axis

| time vs angle fit |

Time [us]

.. 200m AR THE A——
e s Lmmmn]
////“000’: i iy
| 3

------

pus

/ T
(e RN S e 1|

TAso7LA |

T

2018/11/07 10:01:30.122752 |

€
=3

21
a0l TALE-FD 3
E *
191 e 25
r e ., T
18, ‘.. . 0 ) Big o
— C L R 5
oo .. a ® o .
e teeme - L
E [ I ol o ° s ° o o o 1.5
7D B o =] o . o
16 o .
L o o o o o o
r ° a o 1
15 5
E o
F 0.5
137\ L1 Ll Ll Ll L1l Ll L1l Ll o

35D timing
“\informatis

23.6 -33.5
7.33 17.63
ol 823 1017-94




Composition Results



Mumber of events ~ ~

Xmax Distributions for different energies

Shower maxima data over 8.5 years R.U. Abbasi et al., Ap J., 858, 76 (2018)
using hybrid events (two southern FDs with the SDs)
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XKmax™ (9lcm?)
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R.U. Abbasi et al., Ap. J., 858, 76 (2018)
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Xmax Shape analysis

18.2 < log,,(E/eV) < 18.3 R.U. Abbasi et al., Ap. J., 858, 76 (2018)
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<Xmax>: Auger vs TA measurements

by Auger&TA Working Group

Auger and TA data cannot compare directly due to different approach of data analysis

Indirect comparison

compare

— Auger®@TA: (Auger mix composition model) x (TA simulation/reconstruction/analysis) <— TA result
* This simulates TA acceptance and biases

TA Middle Drum

TA Black Rock Mesa/Long Ridge

[ApP 64 (2015) 49] [ApJ 858 (2018) 76]
SYS. eITors: Auger TA  -==- (Auger” + TA%)"?
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— 820 m  TA, ApJ (2018)
B + Auger 2014 ® TAMD -
= 800— B
B 4 _ ':E ok . .
S S R - *
C 3 760 S ¥ i
I ~— 1 - = - P
- 'P/'}f -y 1 S a0 gl . o
__ 20— im0
- John Belz, UHECR 2014; Michael Unger, ICRC 2015 700—
_|||||||||||||||||||||||||||||||||||||| _|||r||||||||||||||||||||||||II|I
182 184 186 188 19 192 194 196 19.8 20 18.2 18.4 18.6 18.8 19.0 19.2 194 19.6
Ig(E/eV) le(Egp/[eV])

TA agrees with Auger within systematic uncertainty.
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Anisotropy Results
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Hotspot (5 years)

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

Dec. (deg) o _ . F ~._E>S57EeV

~* 5-year by theTASD

.;: e 72 events with E>57 EeV
e Non=19, Nbg=4.49

e Local significance 5.1c

360

\ e e e e o e e e e e e e . . et e e e e et e
e = -

e Assume 5 search window radii
| (15°, 20°, 25°, 30°, 35°)
+ * Global significance 3.5¢

» Hotspot center shifted from SGP by ~19°
T Equatorial coordinates

SuperGalactic Plane (SGP)

20



Hot Spot update (2018)

Kawata, UHECR2018
157 events above 5.7x10%° eV for 10 years

—_————— e

coordinates
e With original 20° oversampling

With 25° oversampling

originally thought
e Scan over 15°, 20°, 25°, 30°, 35°

* Hotspot looks larger than : e Max post-trial significance of ~3c

21



Nearby Galaxy Clusters

Starburst Galaxies

Ursa Major Cluster Aab et al. (Auger) 2018
(D=20Mpc)
Virgo Cluster - i A M82(3.4Mpce) L TS Supercluster

(D=20Mpc) Ny 3 RCEA 70Mpc)

Lol THEEET . TEEEE T Aty TR L YN RSN, L TR SR . e e ] D

Centaurus
Supercluster (D=60Mpc)

Huchra, et al, ApJ, (2012)
Dots : 2MASS catalog Heliocentric velocity <3000 km/s (D<~45MpC)

TA hotspot is found near the Ursa Major Cluster

TA & PAO see no excess in the direction of Virgo ’



Spectral Anisotropy

(from the point of regions with more/less nearby objects)
submitted to PRL, arXiv:1707.04967

Super-Galactic Plane (SGP) TA energy distributions
(5 years of SD data)

IIIIIlllllllIIIIIIIIIIII:III:
—=a— On source (SGP lat <|30 |)
—s— Off source (SGP lat > |30 |)

Off source region

Numnber of Event,

Oh

'l 'l lllllll

U VL R g T
_____

Lar W, w4 -
Colored dots: 2MRS galaxies (E < 75Mpc) | log(E,. /EeV)
! OFF
L= 1.67

On source region (within 30° from SGP) E U TRINN
1 12 14 16 1.8 22 24

10

Equatorial coordinates

'l 'l lIIIlll

more nearby objects Log, (E/EeV)
Eon and Eggp: difference
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Spectral anisotropy (cold/hot spot)

6
S
ATHGC ‘s E>10792 eV
35
----------------------------------- 1 % r=28.43°
2. Inside (On) |
102 Xt 0 * Inside (On)
- 78.3/16 | « Outside (Off) Mean 19.5
= RMS 0.21
! ; L] l Outside (Off)
k6 L = i i i I I 1 Mean 19.4
cold spot” at lower energies, I RMS 0.18
same place as the hot spot at high ]
3 | 1
3.70 global | |
L [ coLp | HOT
R.U. Abbasi et al., ApJd 862:91, 2018 ki, T ol T T ,
10 19 19.2 19.4 19.6 19.8 20 20.2 204
Events: 147 Energy Iogm(EleV)




TAX4

TA/T. ALE/'I' Ax4 Array

S ot TR )
Shenon b A e quadruple TA to accelerate data

SD array

bl L a8 collection speed

oooooooo

S R R — Surface detector(~3000 km?2)

e T * 500 scintillator SDs with 2.1 km
spacing

e Fund from JSPS (JFY2015-2019)
+KRF(2017-)

e Deployed 257 SDs in 2019
— Fluorescence detector

e Xmax meas. & SD energy check

e 2 FD stations (HiRes-Il telescopes)
— First light at the northern station

— The southern station: under
construction

e Fund from NSF (2016 -)
e e yoes U o e 25

5 5 1 0 20 50 Kilometers




TAx4 SD

 Assembly of scintillator counters

— 260 counters (230 in Japan, 30 in Korea™)
» =iy = *: fund from KRF

| Akeno Observatory

Some modifications (fiber layout, PMT[ET -> HP], new WLAN modem and DAQ etc.)

e Final assembly in CRC**

CRC** = Cosmic Ray Center in Delta City Photo at CRC in Jan. 2019

near TA site 26



TAx4 SD

* Permission of the deployment by BLM*: delayed

— EA (Environmental Assessment) approval in 2019.02 due to
* related surveys (animals, plants, remains, landownership) etc.
e another 1 mon. delay by US government shutdown in 2018.12-2019.01

BLM™* = Bureau of Land Management

* Deployment work by helicopter in Feb and Mar of 2019
— Bird habitation period (Mar — Aug) (*1.5 months)

e Helicopter work is not allowed
e But a special permission this March

27



TAx4 SD

February, 2019 I March, 2019

LojLLpLzpLsp14fL5)1e

1{SD (CRC to SAs*)
SD deploy. by helicopter

3| Tower construction

SD tuning by helicopter
SA* = Staging Area

U PN T

(1) SDs from CRC

4) SD tuning

e




TAx4 SD event example

BR : 2019/05/02 05:40:19.803
late

1

I I I I I I I l l I 0

2 3 4 5 6 7 8 9 10 11 12ear|y

Distance East, [2080m]

x4 [ps]

Wave forms of hit SDs

upper

SD7507 !

J
e o

sp7e08 |

L

[PPSH | PR VENE—
sp7708 | 'I'
;,;,l Uy

SD7808 II

|
SD7707 I

AL \
vtal bl VY N sl Yo e

1
I SD7408

|
) T,

lower SD7609 I

-15 -10 -5 o] 5 10
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TAX4 FD

e MD site: in operation since Feb. 2018~

PR s A e e SR

S S R S e e S
— —

The mirrors: installed =

& || MHHHI HN"J!

Plan to be commissioning by the end of J

une, 2019
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TAX4

Resume fine tuning for deployed SDs (ATVs) from June,
2019

Plan to increase the effective area toward full TAx4 SD

Full TAx4 in 10 years gives ~50 years of TA SD data
adding previous TA data
— This can give discovery level for the current aniso. hints (~20)

— Even with the current ~2.5 times TA SD in 5 years (TA SD 23.5
years),

* 50 or beyond expected for the current evidences (3o or beyond) of
anisotropy
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Summary

TA SD/FD and TALE FD energy spectrum shows spectral features
(101>4 eV < E < over 1020 eV)

— cutoff (101281 eV), ankle (101869 eV)
— 2"d knee (101622 eV) and low-energy ankle (101794 eV)

TA Xmax: compatible with light composition (E > ~1018-2 eV)
— Need more statistics for E > 10%° eV

We are seeing evidences of anisotropy (~30)

TA and Auger Working Group worked very well to understand the
initially-claimed differences

TAx4 (SD+FD) has partially started
Full TALE SD was deployed and is in operation.
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END
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Observation Time [hr] Observation Time [hr]

Observation time

FD SD

2007 2.008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mar 08 Apri9

||HIHHHIH'HH'WM M ok

" 9099.0 hrs
10 }’ g Ridge 0.1

ZIWMMM

55000 56000 57000 58000

1ok | | fock flesa "”:f,hrs

0

LR

SK

Observation Time [hr] Observation Time [hr] Observation Time [hr]

55000 56000 57000 58000
MJD
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10

TA Hybrid, log_ (E/eV)

Energy Scale Check and Resolution

21IIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Entries 551

205

Hybrid events

N
(=]

195

185

jury
[+

-t

o
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

]

175

17 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

17 17.5 18 185 19 19.5 20 20.5 21

TASD, log, (E/eV)

(SD scaled to FD energy: calorimetric)

E.,/1.27 = E.p

100

1[0's] S

E> 101 eV

&0 . 0
Angular resolution = 1.4

60
40
20}
0 =
o1 2 3 4 5 6 7 & 910
& [Degree]
Entries 551
SR AR IR R Constant 66.05 + 3.45
_ Mean -0.003176 +0.014178
o Sigma 0.3328 +0.0100
3 E>10% eV
3 Energy resolution < 20%
2 <15 -1 05 0 05 1 15 2

In [ E(TA Hybrid) / E(TA SD) ] 35



Comparison with other measurements

C. Jui, SUuGAR2018

TALE Spectrum compared to some recent Measurements

102—1
9x10%
8x10%*

‘ . . . . .

- TALE Monocular (2017)

- Yakutsk Cherenkov (2013)

. Tunka-55(2013) :

© Tunka-133 (2013) -
. . KASCADE-Grande (2012) _
3 . ICETOP (2016) i
5 15.5 16 16.5 17 175 18 18.5
loglO(E/eV)

36



Cluster events with E > 100 EeV

Doublet

(Ae 1. 310) — No corre;Tion for
Dec. (deg) \ T E scale difference
- / / i - b/w TA and PAO |

,f J Anti CC .\\\‘\,Il‘l‘\""-, TA 9 years (23 eventS)

360 "K ’ / « gl
LI"‘.‘ ) : ‘IJS:_i d . @l I."l I.lll

\ Triplet? or ,I ‘ “\ T _/"’J
0 Doublet _| ﬁg%%,\q a4 Auger 6 years (6 events)
(AB=1. 350) /T @Q‘ ,‘p\

-60

2 doublets above 100 EeV.
-> the probability to have =2 doublets at s\/§ deg is

P =0.30% (2.80)
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Xmax distributions

R.U. Abbasi et al., ApJ, 858 :76 (27pp), 2018

» 200 : : :
E ® data

> 180 Fe """""""""""""" QGSJet lI-04 proton

PPN S S T I T A A QGSJet 11-04 helium

. [+ | ES———— [—— 1 _ QGSJet 104 nitrogen .
ﬁ 140 iy e oo e e _— QGS\Elet 11-04 iron

z

III|III Il III|II1 el III|III I

700

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

I Il | i i J L L Il
1100 1200 1300
X, (glcm?)

200 1000

(d) 18.5 < log,,(E/eV) < 18.6
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Comparison to MC

o(Xmax) vs <Xmax> _
Ap. J., 858, 76(2018)

(1) v IE0199TEE )

S

Compare Data and MC using both 35 m#_j*u:,,, TAdataf E#“’:mm
<Xmax> and width of distribution(oxmax) g o 183 —— 8 | el 2

182183 ot 183184 L 14

- Data : rectangles ji T S
J “Firon 48 helium “ @ T —-—

- MC: contours “@  nitrogen i

Repeating 5,000 sets of MCs R A B, ve i L T v
(3) () 182 < log(EfeV) < 183 (4) B 18.3 < logy (F/eV] < 184

(Each set = the same # of events, 4_.,~' ol
primary types) 2 e ol

In lower energies, log E < 18.8, ,184-185 ,18.5-18.6

g

allowing 10-20g/cm2 shifts, Data
points looks like “proton”.

=] g #?
ﬁEQ
-
=
&
[}
B 8 s
2
3
[ =]
[}
=1

(5) fel 18,4 < E/lev 18 e (6) ) 18.5 < logp(E/eV) < 186 e
“é f ﬁ::;.ucm E “F %m‘mmn o 7
:! nf [ |systamatic - ) :g i _szs!amnﬁc
g_ m__ﬂl.‘“ y! _ :' %, 155. m;_.‘hl”y‘,
Systematic 118.6-18.7 s 18.7-18.8
uncertaiinty “Fron, “F von
<xmax> ] 74g/cm2 M.ﬁsalo e r;ﬂrwmm 70 760 T80

g (g0
) 187 < log (L /eV) < 188

Oxmax - 21.29/cmz2



Comparison to MC

o(Xmax) vs <Xmax>

Compare Data and MC using both
<Xmax> and o Xmax
Data : rectangles
MC: contours
Repeating 5,000 sets of MCs

(Each set = the same # of events,

4 primary types)

In higher energies, log E > 18.8,

data points looks like heavier
primary than “proton”, and there are
significant overlaps between
contours of different primaries
because of small statistics.

Systematic
uncertaiinty
<Xmax>: 17.4g/cmz2
O xmax . 21.29/cmz2

(7)

Ap. J., 858, 76(2018)
arXiv: 1801.09784

(8)

~ = =
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Other researches

° Auger SD@TA e TALMA (TA Lightning Mapping Array)
— Problem: u deficit in AS MC — Coincidence with TA SD events

9 antennas in TA

— Phase I: station-level o~ T ffi
COmparISOnS at TA CLF g:;_ . )
I 2

Distance East, [1200m]

TACLF  2AugersDs e FD for large ground array

e EUSO-TA (aiming low cost)
FAST CRAFFT
— JEM-EUSO prototype 4-eye reflection mirror Mono-eye Fresnel lens
— Co vents
- :3‘—'- |

EUSO-TA
41
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