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Outline

e TA, detectors

 TAresults

— Energy spectrum

— Xmax ... composition

— Arrival directions ... search for anisotropy
* Near-future and future plans

— TA next 5 years
— TALE
— Next generation experiments

e Summary
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Telescope Array Configuration
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o Utah, USA
o 39.30N., 112.90W.
o ~1400 m a.s.l.

e Surface Detectors (SD)
o 507 scintillator detectors
o 1.2 km spacing, 680 km?

Ti78 Ti6s

__ Full operation
i since May.2008

i

cence Detectors

T185 T17S

:(FD)
o 3 FD stations
Black Rock Mesa (BR)

Observation
since Jun.2907

3 e
Tigs T185

‘Observatten |
[ giffee Nov.2007 o

RoW R8W

Medting
REW




e 12 cameras

For each station

- 256 PMTs/camera
(HAMAMATSU R9508)

* FOV: 3-31° (elevation)
108° (azimuth)

e = -
s e e N

Camera box~1 m?2

Mirror ~6.8 m?2

2013/01/16

H.

daily observation time

N\

integrated observation time

-
Lo ]

Observation Time [hr]

o MERIT
Nov.2007

agawa@ICRR Review Committee
Meeting
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Onset time, [1200m)]

Powered by
solar cells

Plastic scintillator
. -2 layers
-3m?,1.2cmt

1 | | ] 1 1 | | 1 1
1 2 3 4 5 6 7 8 9 10 11 12

. . Distance East, [1200m]
Self-calib. Using
H _SD LDF Fit
single muons F , ]
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= r ]
w N .
= F (Sgoo) ]
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g 8 1 120 & F LDF Fit i
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= 30 45 Perpendicular dist;nce from shower axis, [1200m]
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Energy Scale

 SD and FD energy

-

o

o
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;
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I
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L
18.5 19 19.5
SD, log, (EfeV)

1 11 l-
20 20.5 21

ESD
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— for hybrid events

<ESD> =1.27
EFD hyb

« E'55: energy table from MC
E'.,(S800,6)

— @ zenith angle

— Rescale SD energy
1 1

E ISD =——E lSD
<E SD> 1.27
EFD hyb

ESD =
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Spectrum

e SD
 hybrid
 FD mono
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« Significance of the
GZK suppression

1024 _i

E® J(E) [eV¥imPislstr]

A Surface Detector Result

 The TA spectra are

10?

107 |

: 1y
4““““‘;‘5;59&&?%#‘“{ l ‘

consistent with each
other.

BR/LR Hybrid

: Energy [eV] =— MD
28 +— 8D
PROB = Y Poisson(p = 54.9;4) = 4.75 x 107° = MD Hybrid (IYew!)
- 1o - I1I0]9 | I1I°2j Eneray [eV]
(3.90)
2013/01/16 H.Sagawa@ICRR Review Committee o
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—
L]

J(E) x E’10%* [eV®m2s'sr]

o AGASA
~ Auger
© HiRes-l
O HiRes-Il
e TASD

17 175 18 185 19 19.5 20'205
Iogm(EleV)

Spectrum

* Ankle: all experiments
4 * Suppression:

— HiRes, Auger, TA

] « TA SD spectrum is

consistent with HiRes.
o -20% (AGASA)
o +20% (Auger)

¢ ~20% total systematic
uncertainty of energy
both in TA and Auger



Electron Light Source (ELS)

Source of electron beam = end-to—end energy calibration of FD

- Ir_ 1
Tis e s T D
- i T

s o
4 PR R T = .
1 ‘\f.__ " - i =
a2 L
=l W

& __— Control room |

First light in
September, 2010
11

utput power=40 MeV X 10§-Ilsé%€003-0.5 Hz, pulse width: 1psec

2013/01/16




Composition from X _,

PRL.104.161101 (2010) (2010)

50 * HiRes Doto
- QGSJETO1
J itudi ~ 800 —QGSJET-I
Shower Iongltudmal development depends on < Y - f”k
primary particle type. S el er ,Ffr ’%
*  FD observes shower development directly. K o xﬁfff &7 i
«  Xmax is the most efficient parameter for A 700 ;1‘1 ps 18T e
determining primary particle type. g - T
650 rq #—-"*""'"' FD stereo E
. . EG'D L | L | L | | L | | L L
ses00 Shower longitudinal development 18 18.25 18.5 18.75 19 19.25 19.5 19.75 20
e T T T T
log[E(eV)]
o
S ce9r PRL.104.091101 (2010)
© & I
S £ C QGSJETO1
4e+09 | - - - QGSJETII o™
g : 5 B50 - ... sSibyli2.1 pre
= A - —— EPOSv1.99 e
S 3e+09 |- g 800 - JUPPEE
S ¥Of
L 2409 | _— ®
:E, | :_.--"ft ‘_..‘ -
= 181—09 B ?Gu :#_H' . ..-"" #\;QT\
Xmax Proton N
0 : | I | Imnl r
0 200 400 600 800 1000 1200 550? LN
-1 er 1 1 1 1 T |
Depth [g/cm?] 10'® 10" vy
e
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dist. QGSJET-II

TA stereo data (2 9 years)
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dist. QGSJET-II

TA stereo data (2.9 years)
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Consistent with proton
(E > 10182 eV)
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TA <X, ..> VS. LogE

~ MD Hybrid

® 3.4 years of MD hybrid data
»May 11, 2008 — Sep 9, 2011 440

MD FD

Telii,: 0 o0 07 proton
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Arrival Direction Distributions

TA SD: May 11, 2008 — Sep 15 2011 (40 months)

« Correlations with AGN
« Auto-correlation
« Correlations with LSS

H.Sagawa@ICRR Review Committee

2013/01/16 Meeting
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Correlations with AGNSs

« AGN: z<0.018 (75 Mpc) from VCV catalog (dot)
« TASD 25 events above 57 EeV (red + blue)
. 11 events within 3.1° (red)

Galactic coordinates

* The expected number of pairs for « Auger (update incl. Jun.2011)
Isotropy model: 5.9. (28 corr. Events)/(84 events)

— Chance probability to observe 11
events: 2&) 4 - Chance prob.=0.6%

2013/01/16
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The probability that the excess of pairs (<d)

occurs in a uniform distribution

No clustering
at angular scale of
2.5°0r 0 —40°

Small P(d):
departure from
isotropy
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Correlations with LSS
e’ (skymaps of the expected flux with TA events)

E>10EeVv (988 ev) E>57EeV (25 ev)
I£é60 ,__I=0 =360 f%a
P . . -
(57 ev). e White dots: TA SD events

Proton LSS model

| Y Within 250 Mpc :

NS 2MASS Extended source catalog
Smearing angle: Os = 6°
Darkr: higher flux

Beyond 250 Mpc: isotropy

H.Sagawa@ICRR Review Committee

2013/01/16 Meeting
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Correlations

with LSS

]. F I I I
- - r +
E > 10 EeV PN E > 57 EeV
0.1¢ * st
4 L ]
g ot . $TEY +
S le2F . W3 T 0.1F e, ;
oL . o _*® }l * 1
¥+ oy
le—3 F -
*
l.e—4 ' ' ' 0.01 ' ' '
5 10 15 20 0 5 10 15 20
0. degrees 0. degrees
]_ - T T
r + 4+ ]
S - ++Ft ] . :
* . + ¥ ST + Consistent with LSS above 40 EeV, 57 EeV
. E>40EeV |
: - - - - -
S 01¢f E P-value for isotropic distribution
a ' 0.5 (E > 10 EeV)
0.9 (E > 40 EeV)
001 | | | 0.6 (E > 57 EeV)
0 5 10 15 20 Consistent with isotropy
0. degrees
2013/01/16 H.Sagawa@ICRR Review Committee 21

Meeting



Correlations with LSS
[the sky map (<10EeV) with GMF]

Smearing angle 6°

=360 o ( ¥< _EIC,*_E—‘__: 3 > i }2}_0)) )
DISK FIELD e e —
SOUTH HALO FIELD
- Strong/thick halo MG
E=10EeV
1F . .-.-._.n_._.,...lTlTl-._.i . . . . .
01f ™ 1 Consistent with Galactic Magnetic Field (GMF)
3 S 4 with halo (4uG, 1.5 kpc thick)
E E—Z F ] . 7
I ° ]
||:|. le—3 ¢ niD E
i A diskonly |
Lemd _ m disk + halo _
l.e—5 ' ' '
5 10 15 20
0. degrees _ _
2013/01/16 Douyuwivaey o ans R 8view Committee
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UHECR2012 symposium (CERN in Feb.)
Highlight: WORKING GROUP (WG)

WG from TA, Auger, HiRes, and Yakutsk
— )
UHECR spectrum UHECR anisotropy

UHECR composition | UHE multi-messenger

Description of Modeling & air shower

- J

Discuss the is*es in advance (incl. analysis details)

¥

Joint report from each WG at the symposium
After the symposium

« The WGs continue: formally and informally
» TA and Auger spokespersons: occasional skype meetings

- Auger’s octocopter light source measurement with FD
- TA site in October and Auger site in November

.. : ) TAand Auger hembers
* TA and Auger joint anisotropy meeting: Jan.31/Feb.1 in Utah in October

H.Sagawa@ICRR Review Committee

2013/01/16 Meeting
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(Near) future plans

TA next 5 years

— Previous grant: Apr, 2003 - Mar, 2009
e Construction + observation (~1-yr SD, 1.4 FD)

— Current grant: Apr, 2009 - Mar, 2014

— In Oct.2013, we will submit next proposal (Apr, 2014 —
Mar, 2019).

TA Low Energy Extension (TALE)

— Ongoing, partially started

Towards Larger aperture experiment

— JEM-EUSO

— Next generation ground-based experiment
Associate experiments at TA site



Options of TA next 5 years

 More statistics/Understand TA and Auger results

a) Current TA
(Operation~5M$)

b) 4xTA SD

Additonal 500 SDs (~5M$)
with 2 km spacing —> 3x TA SO

Additional 1 FD from HiRes Il (US side)
for energy scale and hybrid analysis
TA SD: (1)+(5)+(5+3yx3)=20 yrs
TA hyb:(1)+(5)+(5+3y) =14yrs
(3y: assume 2-y const.)

SD: (1)+(5)+(5) =11 yrs
hyb:(1)+(5)+(5) =11 yrs

£ Additional FD
| @BRM

4 Additional
TASD

2013/01/16

c) Current TA + Det. exchange

(Operation~5M$)




TA Low Energy Extension (TALE)

o
@

[

d

wn
I

e Study at 106>~ 101° eV
— Change of composition?
— Second knee

— The galactic-extragalactic :
transition u |

— LHC center-of-mass energy

log(FLUX * E? in eV?m2s'sr")
%)
B .

OCme W

e NICHE (Non-Imaging CHErenkov N S S A e ~
NICHE 16 17 18 19 20 «

array, 10%>8 — 1018 eV) . J

« The proposal to NSF: P
submitted in Oct.2012 for
Aug.2013 — Jul.2016 ‘

X......>g(9/ cm’)
o

<
3
a
(=]

Energy and composition measurements with
cross-calibration between TA and TALE, and
TALE and NICHE over ~5-decade energy region
(10158~ >10298 eV) with absolute end-to-end
energy calibration of FD with ELS at TA

700

650f

6[6. t

ssop”

o HiRes/MIA
# HiRes Stereo

QGSJET-II
QGSJEI'D1
SIBYLL 2.1

I
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A

s A first TALE FD event_____

04

Y-Position

03
a2
01

Q1
02
03
04

TALE detectors

¢ TALE FD FOV
£" 31~50°

TALE telescopes &1 e

were partially installed. | -

From HiRes Il
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JEM-EUSO

W Extreme Universe Space Observatory onboard Japanese Experiment Module on
International Space Station

 Role sharing (technically/manpower)

° L"’_‘un_Chm_g: _2017 — PMT calibration / onboard calibration
e Mission lifetime: .
_____ ,'-_ SN Precision
3+2 years O Rear _Fresnel
SSULSEUIESINGN © Ecr > 5 X 107 eV|| g 385 i el
' S e Orbit: 400 km A M Pl °  Afs
oy = -4 _ 7/
F
''''' Focal Surface Detector Fresnel lens
Declination [°] 5K PMTs (0.3M pixels)
-90-60  -30 0 +30  +60+00
: 3 1 | ) 1 I T 1 | 1 T [ T T ] T
JEM-EUSO (ISS) /64,000 km?- _ _
" 2sE Ruger (o = 365° fT,ﬂUﬂk:Z-:: — JEM-EUSO prototype (TA-EUSO) test
TA(p=39.1°N)  / 1,800 km?-sr

at TA FD site

m
iie) 8 A
o

Relative exposure (Isotropic

-1 08-06-04 02 0 02 04 06 08 1
sin(Declination)
« ICRR TA group joined JEM-EUSO in
Dec., 2012.

L7

ill be insfalled in Mar., 2013

11~ ol g IRTE N =) H 7> oy
I OayanwvattyTUMRTE TV TICTW=C U e © 28
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Next generation ground-based observatory

 Huge aperture

« Complementary to JEM-EUSO
— Dbetter resolution for energy/direction/mass composition

— Connection from highest to lower energy CRs
 New techniques: on-site check with FD and SD

« At UHECR2012 symposium, some ideas were proposed.

Multi-component Low cost FD array
i Water tank || >10%-5 eV with Xmax
‘ + >40000 km2 ﬁkm
~100M$ W Radio 20 km spacing - @,
10,000 SDs e || ONEe PMT at a station
Spacing = 2.0km Low cost O(10M$)
@ 39’2w km2 Fresnel | lens

TA X 57.8 1ma ( I.f_”— electronics

TA-2 Auger X 13.1 T~ Filter
° TO be examlned WO”Q\Q@Q@@ICRR Review Committee 29
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Associate experiments .

e Radio detection test
— TARA (TA RAdar)

/ Radio echJ

transceiver. g s

receiver

B Puresore Locatuns

receivers

— Bremsstrahlung detection: GHz
« KIT/Chicago group from Auger
o Konan Univ./Osaka City Univ. et al.

« TA-EUSO

H.Sagawa@ICRR Review Committee
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Ag

lobal plan

UHECR2012
3 options\ l NfW
Year \ 2011 2012 2013 2014 2015 2016 2017 2018 20189 2020 2021
Future Plan 1
Taﬁ;LE1 ':FDS. 35 SDS Prad., deploy. Observation
TALE2 (70SDs) \N wi B Observation
NICHE (iff approved) -~ =
Future Plan 2
Exchange 1 .
calibration / analysis I”I afelee
Exchange appd i >
Fs & s0s/CTA, néxt 5 yehrs> |7 i ol onsenvatons
| | I [ | |
'FF:F:;:nlezr:ﬁfray 9 ]"H Organization, Survey, d’%tectnr R&D, engineering test, Apply Production, Deployment
|(Huge array) \ A et
JEM-EUSO \ )
JEMI-EUISD
. p]J:ned launching
Apr.2009 Mar.2014 :
P <€ rurrpnf TA > Start of construction
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Summary

TA experiment : running smoothly.

— Recent results were presented.
* Some hints of anisotropy

TA next 5 years

— Anisotropy/point source search, measurement of energy spectrum and

mass composition by increasing statistics

— Understand the results of TA and Auger (X, €nergy spectrum, arrival
directions) by TA/Auger joint researches

Energy, composition and anisotropy measurements over 10165
(10158) ~ 1008 eV with TA and TALE (NICHE if approved) with
absolute energy calibration with ELS at TA

— TALE (on-going)
Next generation CR observatory (space/ground)
— ICRR TA group joined JEM-EUSO.
— Next generation ground -based observatory: to be discussed worldwide
— TARA (TA RAdar project): in the R&D stage in TA site.
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