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Outline

e Telescope Array (TA)
e TA detector/papers

e Recent preliminary TA results
* Energy spectrum
* Composition
* Anisotropy
 Hot spot?

e TA Extensions, on-going R&Ds, proposals
 TAx4, TALE
e Associate experiments: radio (TARA, GHz), TA/LMA

related to

i Summa ry TA burst events
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Refereed papers in 2013

The cosmic-ray energy spectrum observed with the surface detector of
the Telescope Array experiment

e T. Abu-Zayyad et al., Astrophysical Journal Letters, 768 (2013) L1 SD spectrum

The energy spectrum of ultra-high-energy cosmic rays measured by the
Telescope Array FADC fluorescence detectors in monocular mode

e T.Abu-Zayyad et al, Astropart. Phys., 48 (2013) 16
FD mono spectrum

Search for correlations of the arrival directions of ultra-high energy cosmic
rays with extragalactic objects as observed by the Telescope Array
Experiment

e T. AbU'Zayyad et al., Astropart. PhyS., 777 (2013) 88 Anisotropy

Upper limit on the flux of photons with energies above 10*° eV using the
Telescope Array surface detector

* T. Abu-Zayyad et al., Phys. Rev. D 88 (2013) 112005 Photon flux limit
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TA general

TA next 5 years

Point-like
sources@1018

LSS aniso@1018

UHE photon and nu
with FD

Spectrum fit

Shower front
structure

UHE photon and nu
with SD

MD hybrid spectrum
and composition

Correlations of
arrival directions

Stereo mass
composition

BR/LR hybrid
spectrum

BR/LR mono
spectrum

Data and Corsika
simulation

128
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121
310

311

524
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130

149

794
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512

358

476

353

TA SD simu. and
analysis

TALE hybrid simu. and

analysis
LSS@HE

SD composition

BR/LR hybrid
composition

TA spectrum
summary

TA composition
summary

TA anisotropy
summary

Composition: TA
analysis for PAO
model

TA/Auger Large-scale

joint anisotropy study

FD calib. with ELS

CLF

Portable laser

Octocopter light
source test

NICHE

395

389

935
536

965

221

132

1033

964

679

507

142

526

504

365

P

|CRC2013 presentations

Hybrid trigger 134 P

Radio echo 360 P TA/Auger joint papers
detection with ELS

TARA 1192 (0]

CR radar echoes in 639 P TA extensions
TALE 717 (0]

Surface muon 298 P

detector

FD PMT monitoring 952 P

Octocopter light 1218 (0]

source test

GHz radio detection P

with ELS

Shower universality 983 P

for NICHE

40 papers (14 oral)
including
4 TA/Auger joint papers ( 3 oral)
. Auger light source with TA FD
. TA Xmax recon. for Auger ad hoc model
. TA/Auger joint anisotropy study




Energy spectrum



J(E) x E¥10%* [eVZm2s'sr]

TA SD energy spectrum ICRC2013

reliminar
(5-year data) P Y
| 1
SD energy is Eg, = ,—E'SD = EE1.3';_J
scaled to FD energy <E SD> '
EFD hyb
ob——————————— 1" ] Suppression consistent
| E, = (5.68 + 1.05) x 10% eV ] .
of B = \ 1/ with GZK cutoff
I e )//_ Significance of suppression
A5 TRETONALT For E> 101°8 eV,
1 & A A&& 11} ® - _
: A A \R ] N(cont. spectrum) = 68.1
- o AGASA (APP,2003) If . N(observed) =26
I ~ Auger (PLB,2010) [f \ .
i S HiRes.| (PRL,2008) \| A . :
i ‘,j ::222-:I (PrL,2008) 1211 . Continuous spectrum is
e TASD (ICRC2013) excluded at 5.740
10'1h..-l.-..l....l....l..n.l.-. Liatgtyt )
17 175 18 185 19 195 20 20.5

Iogw(E/eV) TA and Auger fluxes were different

2013/12/21 by ~¥25% in energy scale °



TA spectrum vs Auger spectrum

Rapporteur talk by Y.Tsunesada
0 : ; ; ; ; — atICRC2013

ok - e :::::::?:::: . TA: 21%

JUHE - } Energy scale uncertainty
_"Iﬁf::fi:IZII:EI:ﬁf:::lZfi:ﬁﬁfiﬁﬁ:é:ﬁf:::IZ:II:ZZéﬁ:f::ﬁf:I::f:Z:ﬁfZIE:::Z::"":i:;.tg: . . Auger: 14%

. —e— Auger combined

—eo— Auger combined (x1.1) S

—=— TA-SD

1 | 1 1 1 |
17.5 18 18.5 19 19.5 20 28.5

TA (m) and Auger (Ex1.1) (o)
similar below 101°4 eV
20131221 different above 10%°4 eV "




Electron Light Source (ELS) ez

_ preliminary
r-.-..‘_.
‘?_'1'-":‘-\-_--——_
:' - | C ,s__rnic ray
- q E‘Ie tron beam
10km '
* 40-MeV, 10° electrons (typical) An image of data
e End-to-end FD energy calibration Measured with FD
e Real data e MC data
e ELS e Shower generation
« Energy/beam current from * Geant4.9.5 or 4.9.6 (AE — AFY)
mon?t%r ﬁ e FD simulation
e FADC counts from FD * TA official software

‘ Air Fluorescence Yield (AFY) by using Reference Model proposed by B. Keilhauer et al.
(UHECR2012, arXiv:1210.1319) , (To] s

1+— -8
P (LT,

YT P, RH)(pMeV) = Fiys,,, (T.. P ) I,(T.. B.)-

P To 17 2=
14— ==
T R:.:-(To-RHJ(T)
2013/12/21 T and humidity dep. 11



. . ICRC2013
Air Fluorescence Yield at 337 nm  preliminary

by ELS

Integrated Yield from Electron Beam ° AIFFLY — 561 i 006 (Stat) i 022 (SyS)

relative to AirFLY yield.

2 "m ELs DATA at 1013 hPa and 293 K
) 1.15 ] ]
= o f s sserer | © Measurement in situ at TA
105 [ _ ‘ . ELS(data) _
% 1- /.. i AirFLY(MC)_0.96J_r().()1(stat) + 0.15(syst)
E 0.95 |- .—\ " at ~860 hPa and -17 ~ 17°C
|—
< <2 B weighed
= 0.85 average=0.99
0.8 AR EERE SRR NN FE RN NN AN RN NN AR N NN

25 -20 .15 -10 -5 O 5 10 15 20 25
Temepearure ( degree-C)

2013/12/21 12



Mass Composition



Y.Tameda
ICRC2013, 512

FD stereo Xmax ~ Premn

e FD stereo 5-year data (Nov., 2007 — Nov. 2011)

e Data: TA Both Data & MC
* Red histogram: QGSJET-II-03 proton model with bias of

. Reconstruction

e Blue histogram: QGSJET-1I-03 iron model . Cut

= 5 = T T T g
Eemg 3
3 Preliminary = Preliminary; =f Preliminary; = Preliminary
: ER + ERE EN E
00 &0 700 810 egh'ooo*ulod"’z:m g : : ++ to ] F, Ll e Ll 3 ! 3
100 500 &00 700 $00 500 1000 1100 1200 I 00 500 700 00 500 000 1100 00 00 600 700 00 200 000 00 00
[gem] . [’ o feiem] emr’]
E LI I I = IR B L I I B B I ;— “"—; E"' T g
5 R 5 1 £ EI 3
3 Preliminaryg Preliminary] & - | Preliminaryi £
3 E 1 £ i
15— _E E - :IJE_ _E C
gj] —I_SEIUO 600 ?(IDO 800 200 1000 ,',IDO 1200 00 J'KI)O 600 7:‘!0 800 QCI!O 1000 11:)0 1200 x&)l IFH‘;‘DOI - c00 IT(I)OI TI IS::O o ID:LOI ::'06 . ilICOI - 1200 300‘ IJ_IS:I'O‘ - o00 ITDIOI I‘_I g
X [eem] X, [zem] = B

I:> The TA data is consistent with QGSJET-11-03 proton prediction.
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E <Xmax> Preliminary ]
— 0 7
- .. s __.-.1:""'-‘1
=P QGSJETHI ]
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log(E/eV)

P-Value

1e-05

1e-10

1e-15

1e-20

ICRC2013 preliminary

TA data: consistent with QGSJET-II-03 proton prediction ( E > 1082 eV)

Need more data for E > 10194 eV

Similar result is obtained for MD hybrid (FD+SD) Xmax

2013/12/21

=g W
&
0
KS test for Xmax distribution
- Preliminary
. S 8
| I. % , FesIBYLL ,!
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Anisotropy

TA 5-year SD data



PTinyakov

ICRC2013 preliminary

No small-scale

anisotropy \l‘
P(d):
The probability that
the excess of pairs (<0) 0.1
occurs in a uniform __ ;
distribution =

oo
Small P(9): le-2
departure from ;
isotropy 0.004—f—> E>57EeV
| 1 | 1 | | |
3020 40 e s 100 12 160

2013/12/21

Separation angle 6

17



ICRC2013 preliminary
Oral, 1033

Correlations with AGN

e 472 AGN from 2006 Veron catalog with z < 0.018
e E>57 EeV, zenith angle < 45°, N =42 (5 yr)

e Separation angle = 3.1°
W g TA events:
—L—2

P (I P A ’ ° I t d
%(7,4 /,/ N S \-%\ .Cnoc:trecc?rreelated
AGN Sl A L
PSS

* Probability to hit AGN with a single event p_,=0.24
e 17 events correlate out of 42 (0.40) = p=1.4%

2013/12/21 18



ICRC2013 preliminary

Correlations with LSS
(Large-Scale Structure)

E > 57 EeV

e Proton LSS model: 1 ——

. 2:\AIASS()((SSaCIa;<y Redshift 0IL Y hp setttetata,

catalog Z 3 ——

* gray pattern g 001¢ ;

e E>57EeV, 6° smearing = 0.001

e White dots: 52 TA data 00001 - SIRUEDm
e E>57EeV T2 4 6 8 10 12 14 16 18 20

theta, degrees
Theta: Gaussian deflection angle

p—

e zenith angle < 55°

p-value of Structure (LSS) model ~10%

p-value of Isotropy model ~ 0.1%
o for 6° smearing

\\T 3
W_QZ;”_

— e e

Galactic plane——

2013/12/21 19



COSPA2013

Ot S p Ot Preliminary

e Loose cut: 52 events -- > 72 events (E > 57 EeV)
e No 1.2-km border cut, ...
* Angular resolution does not change very much

e Oversampling with circles of 20-degree radius

Dec. (deg) s /. 7 e E > 57 EeV

S

Equatorial -
coordinates

e Significance 5.10 (before correction)
e Chance probability: being estimated (~ 3.60)

2013/12/21 20



E.Kido

Energy spectrum by TA SD with fit  Ppreliminary

Fit with extragalactic protons

24.8 . . . LSS (~*2MASS XSCz)
, | P+Yems 2 P+A . isotropy
248 T 5 : resonance
o gaq | Lreliminary gy o Fit curve
B : : . The spectrum at the source is
v o4 o B i S T} a power law of index y
NE : x } . The source density is a constant
D L oo T 1 times a factor (1+z)™
i) P+Yoms P PHe"+e m: the evolution parameter
< R= N S S S S 1IH% & W Z : redshift
LUl E | ; :
? vag b + ______ 0-LSS model _——] . and E and normalizaton
99 4 e + ______ p"s‘?”opy__?]_?_‘?'_?_!__; == =im Fit result (y, m, E) for LSS
UanérSn ------- vy =-2.37+-0.08
0g o m =5.2+1.2-1.3
18.5 19 19.5 200 205 |ogE’/E = -0.02+0.04 — 0.05
log(Enargy[av])
m =5 (AGN)
Propagation: CRPropa v2.0, SOPHIA: pion prod. m = 4.8 (GRB)

m = 3 (QSO)



TA extension plans
and
on-going R&D

 TAx4: quadruple aperture extension for highest

energy cosmic rays

e TALE: TA low energy extension down to 10%~eV
* Associate experiments



TAX4 proposal

* If the suppression is proton GZK cutoff,
we would observe anisotropy.
* Now there are hints at 3o level for TA

‘ - | TALEFD e/
* Plan to expand TA by 4 times (~3000 kmj_m MD FD I e s NC I TAXS SD
* 500 scintillator counters with 2.1 km spacin S~ il Il Tl M e e —
(Japanese SIdE) o St feildre Biel e b e ST 4T o] o el 4 I

* Proposal submitted for a grant this Oct.

« 10 refurbished HiRes telescopes Y (US side)
* JFY2014 — 2015: 2-year construction
* JFY2016 —2018: 3-year observation

° By Mar, 2019 TA LR FD o
e 20 years of TASD data &
* 14 years of TA hybrid data (Escale, Xmax) i

e Study of anisotropy

e Anistoropy at 30 level (5-year TA SD data) e 20 abean Ta s M /
e Expect 50 level anisotropy (20-year TA SD TA 5D

data)
* More statistics for 7
e the spectrum above suppression . - """"" vl
e Xmax around suppression | TAx4 FD '

* UHEgamma and neutrino search 23




ICRC2013

TALE (TA Low-energy Extension)orm. 77

down to 106> eV

e E=10165—-1019 eV o ~10V e\élcosmﬁ:{ay&shower .
. 10175 a\/? compatible wit center-of-
Second knee at ~10/~ eV~ mass energy
* Drastic chan nge of composition
at 1017~101€eV? TALE layout
)
* Transition from galactic to e =
10gxtra galactlc cosmic rays? 'Hn ST SMOFD

dg 40‘0 mISpacm% 35

-— -k

HiRes-MIA
Fly's Eye 12%

<
I °
| 2 Akeno -23%
| o Yakutsk -41%
¢ Kascade-Grande -9%
uE o e T e
= e
L i 5
i

E3) [eV2m2sris)

850
£ 800
2
2750
"§700

E B
3650 _ ‘-“D
600 QTC:S]ET'“ \ron | —7?

m
—llcm‘ms P e
550

2013/12/21 17 17.5 18 18.5 19 24
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Elevation

TALE (TA Low-energy Extension)

® TALE SDs

® 10TALE FD§: ) ® 35 TALE SDs were deployed among 101 SDs.
® refurbished HiRes-Il telescopes ® 16 SDs in operation

® installed and running. -
: s TALE Surface Detector

Observed hybrid events
wp A Time, [us] [ 2013/08/01 07:42:36.533554 | [us]
P S I I I L I I T LI L N N B
’ s L o MD/TALE-FD .
. TALE mirrors sof -
2 - 2 0.9
® T -
30 g; 40 .E. .4 0.8
(=] [ o -5
[ i S g 0.7
§ *f =
wf A Middle Drum = f E s 05
i 3% 2 o 05
aiZD 2499 250 280 i) 320 J4a0 &0 w 10 -“ll?l: SD data 04
. 12
azimuth, degrees north of east ppn— A NE (X
0200 305 310 315 320 325 5432-1012345678891
Azimuth [Degree] East [400m] —

2013/12/21 25



TA + TAxX4 + TALE + NICHE

FD full
(proposal) SD partially (proposal)

In operation

: 26 [

Hlb’ = x

Yok

I |

> - -l 2 , " !-;-.-::.st;;__n: » 8
2, - Y RS i
i~ = “A’ A
‘Sj 24 F o ¢ g2
— fo®” 2nd knee?

S ankle
O TAx4
—4 23k e

13 14 15 1% 1l7 8 1;3 20) 21

(15.8 — 18) (18 — 20.8)

Precise energy and composition measurements

with between TA and TAx4, and TA and TALE, and TALE and NICHE*,
over 5-decade energy region (101°8 ~ >102%98 eV),

with absolute end-to-end energy calibration of FD with ELS at TA

NICHE: Non-Imaging CHErenkov detector
2012/11/19 TA EAB meeting 26



ICRC2013
Poster, 118, 298

TA muon detector project

—

 One set of 24-m? scintillator
detector with concrete absorber on
<+ thetop

e 8x(3-m? scintillator detectors)
— * Lead layer sandwiched between two

-~ roof

scintillators -
e First 9 m?: 12x(0.75 m?) o lead (25mm)
e 1 segment was deployed inside CLF B gcintillator (12mm)
will be installed outside CLF early next
year

 Auger water — TA site

2013/12/21 27



ICRC2013
Oral, 1192

TARA (TA Radar)

 An R&D project to observe radar reflections form cosmic

ray air showers

Incident Wave

Dhstan

RCAS Detector

e April 2011 to July 2012
e 541 MHz @ 1.5 kW

* TARA40Q

e Summer 2013~
e 54.1 MHz @ 40 kW

2013/12/21
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Test of detection of Molecular Bremsstrahlung
Radiation from cosmic-ray air shower

e The system of the detection of 12-GHz radio wave to
observe cosmic-ray air-showers was developed

e Test: none of the below observed signal
e 12-antenna array @ Konan Univ. (T.Yamamoto)
e Coincidence with air-shower array @ Osaka City Univ. (S.0gio)
e Pseudo shower using electrons from ELS @ TA (T.Yamamoto et. al.)

Preliminary

10
Time [ s]

Test at TA site

2013/12/21 29



TA burst events



T.Okuda

TA events (in 5-year SD data) cospazo1s

preliminary

e 10 of S Date time Core plosition

r : (- |

. . _y
. N(shower trigger) = 3in 1 ms AS vvvon hhmmss veao XDl YOnl HIn]

* Some sin>5 are _
reconstructed (right table) AS 10]1004 165842 930565 (11356 -7425| 3963
_ AS 1010D4 165842 930612 (10478 -7368| 4400
:an SD data set recorded by AS 1011004 165842 930835 (11142 -8159| 3270

a shower trigger
e Trigger information

* Wave forms from SDs AS 110727 080615 124319 | 3447 1952 4070
AS 110727 080615 124543 | 2897  2232| 3070

> s > SDs > waveforms
( ) (FADC values)

AS 110916 194056 567481 [-3210 -9285| 3253
AS 110916 194056 567566 [-3524 -9413| 3134

AS 120706 014911 184219 | 9847 -10702| 3770
AS 120706 014911 184307 | 7635 -9674| 3361

AS 120907 015545 380684 [-8636  1254| 4446
AS 120907 015545 380755 [-9857 -337| 4805
AS 126907 015545 380881 (9450 -961| 3361

2013/12/21 31



T.Okuda

Examples of timing and waveforms s

S0 Ewent 120706 014911 184719 ol Event

\.I

Rae r 24_21&!;3,_ 373&!- ' rit fromt | “ e B ' 2534dég 9.80m 11 Front |
H H X ' ' obs include L : ! oba include [}
o R S 18 st — I

Time

&

4....__4usec'_ a|l—1 4 uésec i

|
timing From Front planelusl
]

T — s ‘ _ i
more forburstevents || o IS LT ]
— Development seems |-« 12000m 130 e 4 Y1000m |
to start lower sky ’ L | 1 . " I 1 L

L] SO0 1000 1500 20 200 e ] 3900 4] 500 1000 1500 200 2500 SO0 3500

Timing from front plane (usec

Core distance from the axis (m)

Waveforms . o

- Normal

= O =2
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.
Sha-udhbindso=

2
3
i = -4
k| iy 3 q 1
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o) ul o .8 i
events = e g .0 '
2 10 s g 10}
11 qe E 1 b 4e
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TA burst events associated with lightning

T.Okuda
_ _ COSPA2013
e 10 burStS Of S Date time Core plos"tlon preliminary
* Burst: N(shower trigger) > 3in 1 ms 25 v hhmmss  vsee Xl YInl ROl
e Some sin 5 bursts are LG usec  X[ml  Yiml Flag
reconstructed TA AS 101004 165842 930565 11356 -7425 39634 —
_ AS 101004 165842 930612 10478 -7368 4400
: an SD data set recorded by  burst 'l: AS 101004 165842 930835 11142 -8159 3270
a shower trigger NLDN { LG 101004 165842 930608 12480 -5068  C
e Trigger information lightning L| L6 101004 165842 934058 10619 -8069 G
* Wave forms from SDs AS 110727 080615 124319 3447 1952 4070
AS 110727 080615 124543 2897 2232 3070
LG 110727 080615 124303 3653 2285 G
Burst > s > SDs > waveforms {1 6 110727 os0615 130887 3084 1098 @
( ) (FADC values)
_ _ . { AS 110916 194056 567481 -3210 -9285 3253
e NLDN: National Uihtnmg AS 110916 194056 567566 -3524 -9413 3134
Detection Networ { AS 120706 014911 184219 9847 -10702 3770
. : AS 120706 014911 184307 7635 -9674 3361
Yl}F dEtiFt'on { LG 120706 014911 184122 8997 -9670  C
e |Information
: : AS 120907 015545 380684 -8636 1254 4446
* Time, 2D coordinates, peak current — | AS 120907 015545 380755 -9857 -337 4805
 flag: _| AS 120907 015545 380881 -9450 -961 3361
« Cloud-Cloud (C) LG 120907 015545 380675 -8942 668  C
. ] 4| LG 120907 015545 390411 -9635 -1952 G
Cloud-Ground(G) LG 120907 015545 409370 -8608 -1653 G
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Associate experiment: TA/LMA

e LMA: Lightning Mapping Array  TA/LMA: Test LMA in the TA site (Sep™)
. ﬁrra% of \{thl): reNceivcﬁ/lr statiolns ; * 10 receiver stations
eveloped by New Mexico Institute o . e i -
Mining and Technology (NMT) (blue points in the figure)
* 3-D reconstruction, better resolution MD FDger
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Summary

e Recent results for 5-year data

* Energy spectrum

e Significance of the suppression consistent with GZK cutoff
e 5.70 above 10198V

* Composition
* Consistent with proton
* Anisotropy
* Hints of anisotropy: significance of “3c
e Hot spot (20°) ~3.60
* TA extension plans
e TAx4: proposal to quadruple TA aperture
e Towards ~5c anisotropy in 5 years
e TALE: low energy extension down to 10%%~ eV
e Currently operating 10 full FDs and a part of SD array

 TA SD burst events associated with lightning were
observed

* Associated experiments: performed, ongoing, will come
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