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The Telescope Array experiment

Millard county, Utah, USA(39.1°N, 122.9° W) ~1400 m a.s.l.
Surface Detectors (SDs)

Scintillations detectors: 507 Fluorescence Detectors (FDs)

3 m? x 1.2cm x 2 layers ' hC Ak
1.2 km separation, ~800km? ol
E>10%eV
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Central Laser
(~20 km)
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From AGASA HiRes to TA @

B Plastic Scintillator :  from AGASA to TA

area |thickness readout electronics |spacing
AGASA [22m? | 50 mm Direct PMT | Log Amp. 1.0 km
TA/SD [30m2 | 12 mm WLS fiber FADC 1.2 km

UHE spectra of AGASA should reproduce at TA.

B Air Fluorescence Telescope: from HiRes to TA
same optics (1° pixel) | Mirror 5.2—6.8 m?> | Distance 12—30 km
3rd TA / FD station is a transfer of HiRes-1

UHE spectra of HiRes should reproduce at TA.
TA produces 2 independent energy spectra by SD & FD.

B Akeno, Dugway and Millard: 379-40°N & 900 - 1300 m above sea.
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TA Fluorescence Detectors

From HiRes Middle Drum

14 cameras/station
256 PMTs/camera

- e D D T T, T 5]
B R M L 5.2 m?

~30k | Bl % 256 PMTs/camera
e e AR HAMAMATSU R9508
New FDs @ a@ i imiaifyl FOV~150x18°

| sl b A 12 cameras/station

-2

&

SRR A Y -
Black Rock Mesa
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Gain Calibration

YAP (YAIO,:Ce+241Am)
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glue |

I ——

SRR . Standard PMT standard PMTs installed
absolute light source in JPN ..
syst. err. +/-8% (preliminary) - 1oz
9500 ~Absolute PMT gain monitor with YAP
ey DO eoaweeweewe e
Oof‘TH\H‘ ‘ ‘\H‘\H‘\TH\‘
ZOOO| 4000 6000 8000 10000 WZOOCI 14000
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Gain Check

To compare absolute PMT gains of the three stations

RXF(Roving Xe flasher): an absolute calibrated light source

of HIR

syst.+/-10%, stability +/-3%

May 2009 BRM, LR 24 telescopes

es and MD

o 10 ¢
é 9 ;Prellmlnary — Ilght IntenSItIeS
© 8 E
7 E difference -12(+/-5)%
6 - 0
s E (preliminary)
4 E
3 — while
3 absolute gain measurement
O S S E— in JPN
0.7 0.75 0.8 0.85 0.9 0.95 ; .
: : : ratio syst. err. ~+/-8% (preliminary)
Light intensity  measured / expected
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Atmospheric Monitor

e

LIDAR :
measuring the back scatter light
by own steerable system

IR camera :
take a Infra-Red picture to check
the cloud covering
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Electron Light Source (ELS)

Reconstruction of ELS was completed in KEK, Feb.’09

........

| Cooling Unit

Core Monitor

Main Accelerator Tube(2m)

Quadrupole Magnet

20099/ 12H HAYEZS@BHFEKE 12



Installed ELS

Electron Light Source

Electron Light Source (ELS) VI Position of

Fence
(80 ft x 120 ft)

ELS

Cooling Unit
'
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Observation Time

—~ 400 T ] T T ] 2000 —
= ! S
0 — Total FD@BRM 0
*;' @® Monthly Obs. time 1500 =
2 | | S
S 200 BRM12/LR12 1 1000 G
5 BRM12/LR6 l ° i o
Q I ® ®_o - 2
> l 0e0®® o ©® 50 O

i ®e . =
® 5
O \ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ ‘ \ =
2007 2008 2008 2009 2009
June Jan. June Jan. Apr.
Full op. BRM/LR/MD
Il 2009 May ~: Remote Operation (LR site)
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Hybrid event (sample)
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Monocular Analysis for BRM station /f~

Zanith

« Stereo

— Reconstruct shower geometry by
intersection of planes

— Limited to area where detectors overlap

« Monocular [T
. e |
— Use timing to reconstruct geometry W i -
Shower .=\ ‘ f[{i/ﬁf;{f/:f’f,:;{/
- sfector i
Larger energy range el
W 40 ‘\//
g Ee F
2 35pe YF
=2 E 30
% 30 23;—
= r 26 :—
§ BE uE
=2 C =
= o220
= 20 =
. F 20
15 F 132—
F 16— - =
10,5 . - )
E 12; 1 L L | -I'I 1 IT L 1 1 IT‘.I L \‘I | 02 1 L ‘ Laa | 1 I”l :f L I’I | L1 L
5t 0 5 10 15 20 25 30
C Angle in shower-detector plane (degrees) = :
— 1 | 1 1 1 I 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 \\n. 1 1 |
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Azimuthal Angle (degrees)
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Data/MC Comparisons: Geometry

« Distance to Shower  Angle in Plane

Events
Events

Events

Events

Events
Events

20099/ 12H HAYEFZFZ@BRKE 19



Data/MC Comparisons: Trigger

* Brightness

17.5<l0g, E<18.0 |

Events

RAANES

Events

600

800
Brightness (NPE/deg)

1000

Events

Events

Track Length

60

Track Length (deg)

200949H12H
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Middle Drum FD

From HiRes Middle Drum

14 cameras/station
256 PMTs/camera

B Middlc BT ), 5
T 2 A M L u 5.2 m?
| sy e T
\ i! :‘:F- i 2
el .
i ;
ES >y

Hatie * Refurbished telescopes

R R ‘ « Sample-Hold elec.: 5.6us gate

’ 7 L TH Turn on Nov. 2007

g ¢!« Comparison of

o v MD ¢ HiRes (i.e. TA ¢ HiRes)

v' MD ¢ BRM, LR (stereo events)
v' MD ¢ BRM, LR (central laser shot)
v’ MD ¢ SD (hybrid events)

&6
SOG
> gﬁo ¢
6060
'v‘ A
[ ]
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o

MD mono data set: MD 15" year on-time ‘@&

‘bl?olml <

« High energy aperture (> 109 eV) ~ 1/2 HiRes-1
v' Two ring configuration gives larger aperture than 1/3 HiRes-1
v" One year for running ~ 1/10 of HiRes-1 exposure @ 10%°%eV
v' HiRes-1 exposure ~ 5 AGASA
v One year of TA-MD ~ 1/2 AGASA

e This data set is not quite big enough for GZK test !!

 MD integrated “mirror-hours” (14 mirrors)
Dec. 16, 2007 — Dec. 07, 2008: ~ 13500 (= 964 hrs = 11%)
good weather: ~ 11000 (= 786 hrs = 9%)

Aperture (km2sr)
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TA-MD spectrum
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Middle Drum FD

Surface Detectors

Solar cell+ Battery

Wireless LAN (2.4GHz) communication
GPS 1pps pulse are common clock for SDs.
50Msps FADC recording

Solar Panel (120w) Wireless LAN

GPS Antenna Antenna
— (2.4GHz)

Scintilator Box

« Scintillator : 2layer of 3m? X 1.2cm (t)
« WLF read out of scintillation light

e PMT:2Xx “ETL 9124SA” =
« Power Base: 2x “ETL PS1806-2" e e
o Temperature /[Humidity sensors. =\

; | PMT for Lower L
il PMT for
.

200949H12H HAYESL@BEAYE 26



Triggers

LrR:207sp @ SD Trigger
“ | SK:110sD
municaton T’?gRM: 1908D

Latitude (deg)

0)Wave form recording (LV-0)
>1/3 mip signal = ~750counts/sec

1)List of large signal (LV-1)
>3 mip signal = ~20counts/sec

K Mesa) communication tower
for array trigger
o —113.1 71‘M 7112.9 711‘2.8 71{’2./
Longitude (deg) .

|_Trigger efficiency (0 - 45deg) | .Arl'ay Tl’lgger

Fos| >3mip & 3 adjacent detectors
e (coincidence in 8usec)

( 4+cross boundary trigger )

0.4j

log,,(E[€V]) = 18.7 ~100% .

9uo(EleV]) " Wave forms >0.3mip, =32usec
0.1
g7 |

e mmm) -~ 20 triggers/hr

20099/ 12H HAYEFZFZ@BRKE 27



Muon peak monitoring

20
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18 gﬁ fit result < >
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2 & £ T0F . .
0 50 100 150 200 o 40F SN SN S e U e Nl U AR S
Z 30| [N / \ s \ / .
s 20} < N o ” N ", Ty -
2 FADC count g fof 1
. . . . 0 I } | | } ——————
Monitored distribution (FADC) o misen pesk caint —— 1]
. H 5 M"H Wy
2 42| A /) :
fit by scaled energy deposit g AN A //\1 als
Peak ~2.4MeV % 38 A \j I\A\JK P et W ha .
1VEM ~ 2.03 MeV cos35™" [ ]
2009/04/30 13:00-13:10 (UTC) 04/28 04/29 04/30 05/01 05/02 05/03 05/04 05/05 05/06
g LQO ? ,,,,,,,,,,,, — —— — T ErtﬂesWOTL 2009, Time (UTC=Localtime +7)
o 3:_3O R R ARRAEUIEIE SN £ S SRR Meﬁq 415&
00 E e RN S 3T HP . O
5 300 f e Temperature coefficient: ~ -0.8%/°C
o 200 1 + o (PMT —0.3% ,Fiber+Scinti —0.5%)
£ 50 E_ JSUE ST SOOI S PSR B _'3/0 ...........................
T - :
- 50 Eens L e RRRREERCPRTEY o FeCE PR ERPPRPRTRRR T RRCIetET ERTPPRUOTLESS SUTOIRRPS
O E 11 1 ‘ L 1l ‘ - | | L L ‘ 1| L | 11 |

25 S0 35

20 55 60 65
muon peak

Variation of detector gain is tracked every 10 minutes

200949H12H
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Detector status monitoring

Other diagnostic information - Provides detailed information for maintenances

E :11;:”""'II"I'”IIIII..'Mrﬁbérléf'éll:‘élslaltélllité.”'IH:
5 10Ff - .
5 SWMMWMWMA Number of GPS satellites
E E | | PP B ETEE EPEPEr PRI SRS S R P
= 1:_"""""""""'""""éé&e'rir'\io'|téé;éf\f'}”""'_ 3
g 157 = :
So t2r | 175 £  Charging status
== 11 f . -
g ol 1ty 3  Battery voltage(V), Charging current(A)
ek At 1o,
R e s naaa anas
e
820 - V-1 trigger 20

Detector trigger rate
LV-0 (>~0.3mip), LV-1(>~3mip)

Level-0 trigger
(Count/sec)
-~ =
L oo
o O O
2 -

I T I I
W0
oo o

Level-1 trigger

(Count/sec)

720 f 712

728 e B B S A B o e S o AL
I SD Box Humidityg’f}

30 - SD Box Temperatura(~C) 1 100

SD box humidity, temperature
Humidity(%), Temperature (°C)

(%)

Temperature
&)
Humidity

2009
Other : electronics board temperature, solar panel voltage, GPS antenna continuity, low voltages on electronics
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Observation summary

2004-2006 : Mass production, Assembly of detector
Oct.2006 : Deployment - (Feb.2007)
Jun.2007 : Observation with three small array.

(Tuning, Long distance communication)

Mar.2008 : Start full operation

Nov.2008 : Cross boundary trigger

20.0
18.0
16.0
14.0
12.0
10.0
8.0
6.0
4.0
ol .. Trggeredevents0) ——

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb  Mar
08 08 08 08 08 08 08 08 08 08 09 09 09

Total triggered events/1 o*
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Running status

( e<communication status)

Available SDs:

220 ey
210 :
190
180
170
160
150

Live det(average)

3

Ndet —

(05/17~)

LR:97%

120
110
90
80
70
60
50

Live det (average)

SK:96%
BR:97%

210
200
190
180
170
160
150

Number of SD

Live det (average)

140..;..;..I..

>98%

| N U Y PO U FUUU D S SN I [ N I N D SEUDY U P NU BN SO

03/01 04/01 05/01 06/01 07/01 08/01 09/01 10/01 11/01 12/01 01/01 02/01 03/01

2008

Tuning of antennas
Gain adjustment

200949H12H

Bad weather

2009

Running time

Available SD:

+ repair of SD
Install of boundary trigger system

BAYEFZ@BPEKF
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Recorded wave form example -

\ Frs BT/
s

090301-135836

number = MeV energy deposit (av U+D) uooer laver
~ 2.5 MeV for vertical mu
__ peak ~ 230
Central hit |—» : Integ. ~ 4700
| [VEMS]

Surrounding _
e Integ. ~ 30

B [VEMS]

<«—>1us
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Lateral Distribution Function(LDF) Fitting

ity, [VEM/m?]

Charge Dens

Fit with AGASA LDF

Distance from shower axis, [1200m)]

r=800m

r —1.2 1 r —(-?;—1_2) 1 r 2 —0.6
e (R_u) ( +R_M) { +(1000) }

n=(3.97+0.13) — (1.79 4 0.62) (secd — 1)

« 5(800) =» Primary Energy
e Zenith attenuation by MC (not by CIC).
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Zenith attenuation of S(800)

E=102%V
L
101%V

|

=

VEM = 2.05 MeV

dt-Corsika,

averaged over (I)

il
i

Reconstructed S(800) [VEM/m?]
_ \i N

|

7

|
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Data Set, Core location

»May 11 - Nov. 10, 2008

»>in 3 sub-arrays (~ 680 km? sr)

»~ 1.0 X 1016 m?sr sec

»Good hits in time and space cluster.
»Number of hit SDs > 3

>)(2/ I\Idof <4

»Core : min. 1200m from array boarder
>0 < 450

»Pointing resolution < 5°

»S800 uncertainty < 25%

# Event = 489
for
E > 10188 gV

200949H12H

(o]
(3,

Distance North, [1200m]
[ ]
(=]
T TI' T T1 T 1T 1

—
o
T I T T

101

I'l.l.'l.. - \ :
[ ——
d e L i
- "o i
L NIBTE A
—— .y = - pgam-§--X
N L LI L
Pa || M i
p e T P B DR e s
S YL TR ‘-l'l;;-' y [
ll; '] 'l-:l ..l |-.. : i ..; . =l' :
e\ 0l || TR et
\l.::'lll :lb- / :
N i /
1 5 1 1 1 1 10 1 1 1 1 15 1 1 1 1 20 1 1 1 1
Distance East, [1200m]
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hXcoreRes
Mean -0.001251
RMS 0.06313 12“
dindf 19.85/9
Constant 43821157
Mean <0.0021311 0.001645 1 uu
a 0.05938 ¢ 0.00135
g 80
3 60
E 40
M R B .E Eu
0.3 04 0.5
[1200m]
100
e T T T T T T B
C 7 T a0
C Mean 005008
80— RMS 1222 80
C _ 0 1; ’n';d'n u:s:»_ I 16
-rms =1.2 o 0
00— Sigma 14050027 60
150— — =
C . 40
00— - 30
= 3 20
50:— —: 10
5 4 3 -2 -1 0 1 2 5
0 -0 [d eg ree]
rec gen
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S(800) distribution

| BLACK-DATA,RED-MC |
140

120

_________ S(800)+ . D ata

Bew |
"y - — MC MC spectrum:
T « E-281 ghove ankle
?%Ii& E-325 below ankle
M  ankle @ 101865 eV
' I‘_'ufs S I8F(.)=1OI VE‘R/I/ . Jm e QGSJETZ, proton
MOAT IR |Og { . i ]ox’fndf 6.285/ 14 dt-Corsika
g b 01132 = 0.9617  # event norm. to data

100

oo
=)
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Skymap (log E > 19.5)

Equatorial coordinate May 11 2008 = Nov. 30 2008 (204days)
Zenith < 45deg.

Z4h

...search correlation
Equatorial coordinate)  WIth candidate sources
(AGN, BL Lac)

13 events are plotted.

Cluster candidate (A8< 2.0°) : O pairs
Expected # of clusters for random distribution : 0. ~ 0.3
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TA Low energy Extension (TALE)

e

SIBYLL 2.1, Corsiko 6.010
P OGSJeldl, Corsika €.005/6.010 §§ §§

Hybrid observation of CR > 10'7eV
—HiRes Il

—Newly Developed Telescopes for higher elev.

WEgn Xmgx |gmycm |

—Infill scintillation detectors (400 m spacing)

—TA type FD electronics

TALE Tower telescope

20

10 A

O_

*’IO —

_20 —

—30 T I 1 T |
-30 =20 =10 O 10 20 30km

TALE station ¢ TA station ~ 6 km
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Summary
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